
Czech, Elaine, Tabbaa, Luma, Li, Xiang, Ppali, Sophia, Cullen, Yvonne Mary, 
Ang, Chee Siang, Verma, Himanshu and Covaci, Alexandra (2026) Reclaiming 
creative exploration: An in situ study to support process-based learning through 
digital making in low socioeconomic schools.  In: IDC '26: Proceedings of the 
25th Annual ACM Interaction Design and Children Conference. . pp. 491-506. 
Association for Computing Machinery ISBN 979-8-4007-2283-7. 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/115971/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.1145/3773077.3806129

This document version
Publisher pdf

DOI for this version

Licence for this version
CC BY (Attribution)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/115971/
https://doi.org/10.1145/3773077.3806129
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


Reclaiming Creative Exploration: An In Situ Study to Support
Process-based Learning Through Digital Making in Low

Socioeconomic Schools
Elaine Czech

University of Kent
Canterbury, United Kingdom

elaineczech@gmail.com

Luma Tabbaa
School of Engineering, Mathematics

& Physics
University of Kent

Canterbury, Kent, United Kingdom
L.A.Tabbaa@kent.ac.uk

Xiang Li
University of Kent

Canterbury, United Kingdom
xl273@kent.ac.uk

Sophia Ppali
CYENS Centre of Excellence

Nicosia, Cyprus
s.ppali@cyens.org.cy

Yvonne Mary Cullen
University of Kent

Canterbury, United Kingdom
yvecullen@gmail.com

Chee Siang Ang
School of Computing
University of Kent

Canterbury, United Kingdom
Kent and Medway Medical School
Canterbury, United Kingdom
Imperial College London
London, United Kingdom

c.s.ang@kent.ac.uk

Himanshu Verma
Knowledge and Intelligence Design
Delft University of Technology

Delft, Netherlands
H.Verma@tudelft.nl

Alexandra Covaci
School of Engineering
University of Kent

Canterbury, Kent, United Kingdom
a.covaci@kent.ac.uk

Figure 1: Four examples of Year 7 pupils’ visualisations of fair prisons created during the School B history unit on crime
and punishment. Pupils developed designs through sketching and digital making, exploring how space, light, and everyday
amenities could make punishment feel fair.

Abstract
Secondary school systems often reward predictable, mark-bearing
performance, making experimentation feel risky, especially in under-
resourced contexts, where time, attention, and materials are tightly
managed. We report on an exploratory case study of a charity-
led digital arts programme delivered in two low-socioeconomic
secondary schools in which immersive (i.e., Virtual Reality) and
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non-immersive (i.e., tablet-based) digital tools were introduced into
Year 7 (400+ pupils, typically aged 11–12) curriculum. Through the-
matic analysis of the lesson observation notes and student surveys,
we show that pupils take more creative risks, value exploration,
iterate more, and increasingly learn through and with peers. We
characterise shifts in classroom ecology, including shared talk, turn-
taking, micro-tutorials, and practices of care and repair that help
sustain learning-in-process. Finally, we analyse the breakdowns
and trade-offs of deploying off-the-shelf creative technologies in
low-resource school routines, and derive deployment lessons for
resilient, bottom-up creative technology curricula that fit everyday
classrooms.
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1 Introduction
Education in secondary schools (typically serving children aged
between 11 and 16 years) is frequently organised around institution-
ally certified attainment, most commonly evidenced through time-
bounded summative assessments that tend to assess Low-Order
Thinking (LOT) skills (i.e., remembering, understanding, and apply-
ing given information) [40]. While such assessment offers admin-
istrative consistency and comparability, it also powerfully shapes
what pupils come to see as worth doing: learners are incentivised to
optimise for marks by playing it safe, rehearsing what is examinable,
and concentrating effort on subjects positioned as ‘more important’
or more readily counted, benchmarked, and inspected [5, 12, 35, 65].
This strategisation may increase pupil performance against mea-
sured outcomes, yet it can suppress the development of Higher-
Order Thinking (HOT) skills development (i.e., problem-solving,
creativity, self-regulation, etc.) that modern pedagogical frame-
works identify as essential [26, 37, 52]. These competencies are not
only educationally valuable within secondary schooling; they are
foundational for progression to university life, employability, and
civic participation in technology-enabled societies [24, 39, 70]. Such
narrow approaches in assessment can also make open-ended explo-
ration feel risky or irrational [27], intensify pupils’ anxiety around
grades and schooling [93], and distort how pupils interpret and use
feedback in practice [13]. As such, there is a need to shift away
from regimes that privilege predictable, mark-bearing performance
toward constructionist pedagogical approaches that cultivate itera-
tive inquiry, reflective judgement, and self-regulation—particularly
in creative disciplines where competence is constituted through
iterative making, critique, and reflection [1, 57, 58, 69, 73, 74].

Human–Computer Interaction (HCI) research has examined a
wide range of ways in which digital tools can support process-based
learning [17, 22, 31, 33, 45]. Having technology in the classroom
serve as “objects to think with” [73], helps form part of the infras-
tructure for widening pupils’ prospects, employment rates, and eco-
nomic participation [6]. Despite efforts to merge makerspaces and
constructionist pedagogy into formal classrooms [73, 76–78, 86],
there continues to be a push for formal assessments despite this
going against the ethos of this type of learning [38]. As such, many
interventions are still designed, implemented, and evaluated to mir-
ror traditional approaches: emphasise pre-specified tasks, demon-
strable competencies, and polished outputs that are easy to assess,
rather than sustaining open-ended inquiry, iteration, and learning-
in-process over time [51, 79, 95]. Particularly in under-resourced
schools, constraints on time, staffing, infrastructure, and teacher ca-
pacity thenmake adopting and sustaining technologies that support
process-based learning more risky [42, 82, 92].

This paper presents an in situ study that explores how immer-
sive (e.g., Virtual Reality (VR)) and non-immersive technologies

(e.g., tablet) using mainstream apps (e.g., OpenBrush (VR), Scani-
verse (tablet)) might enable the development of pupils’ HOT skills
through a process-based, exploratory learning, inspired by creative
art practices — placing less emphasis on final evaluation and greater
emphasis on learning as it unfolds through exploration, iteration,
and reflection. We report on a charity-led digital arts programme
delivered by volunteering local professional digital artists in collab-
oration with school teachers in Year 7 pupils (typically aged 11–12).
Our study is situated in two secondary schools in the coastal region
of England, United Kingdom (UK), in low-socioeconomic communi-
ties with a high proportion of pupils with Special Educational Needs
& Disabilities (SEND) and below-average reading skills. Drawing
on observational data and pupil surveys, we analyse how pupils
and teachers appropriated digital tools, identifying the breakdowns
and classroom reconfigurations necessary to sustain process-first
learning. We add infrastructural considerations to Scheepmaker
et al.’s socio-material toolkit [82] for integrating technology into
schools by translating our insights from in-situ deployment for
resilient, bottom-up curricula that can withstand the constraints
that low-socioeconomic communities face. In doing so, we address
the following research questions:

• RQ1:How does process-based technology-mediated creative
learning shape the development of pupils’ HOT skills?

• RQ2:What classroom-ecology changes emergewhen immer-
sive and non-immersive digital tools are used in collaborative
creative pedagogies?

• RQ3:What breakdowns, constraints, and trade-offs condi-
tion the deployability of a bottom-up, off-the-shelf creative
technology curriculum in low-socioeconomic secondary schools,
and what lessons learned from deployment can help with
facilitating resilient implementation?

2 Related Work and Background
2.1 The Schools’ Systematic Fixation on

Measurable Outcomes
The importance of developing HOT skills, and what some research
refers to as “21st century skills”, has been identified as a critical
priority for enhancing secondary school education. Such skills in-
clude problem-solving, meta-cognition, critical thinking, teamwork,
and innovation, which are foundational to future citizenship and
participation in technology-empowered dynamic social and work
environments [26, 37, 52]. However, the reality is far from this;
learning in schools is frequently operationalised as institutionally
certified attainment, most commonly evidenced by time-bounded
summative assessments [34, 48]. While this outcome-centric mea-
surement regimen affords administrative clarity and comparability,
it can miss substantial opportunities for pupil learning by exerting
strong “washback” effects on what pupils perceive as worth doing.
Specifically, it rationally encourages pupils’ grade-oriented opti-
misation—prioritising predictability, rehearsing examinable forms,
and allocating effort to mark-bearing tasks—thereby narrowing
curricular engagement and constraining pupils’ willingness to ex-
plore diverse topics, generate ideas, or pursue exploratory lines
of inquiry that are unlikely to translate into examinable outputs
[27]. Furthermore, such emphasis on the end grade can intensify
pupils’ anxiety, which is linked to poorer educational performance,
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disrupted learning behaviours [93], and distort the function of
feedback comprehension [13]. Such pressure can be particularly
detrimental to pupils’ well-being during secondary school, a period
already characterised by heightened stress and adjustment demands
associated with the transition from primary education [53].

These challenges are further exacerbated within creative sub-
jects (i.e., arts, design, music, history, drama, etc.), which are often
squeezed in favour of subjects that are deemed ‘more important’ or
can be easily counted, benchmarked and inspected [5, 12, 35, 65].
Yet, the epistemic character of creative learning does not align
with traditional outcome-centric logic; competence is commonly
developed through practice — pupils learn by iteratively exploring
possibilities, producing and revising work, and making their rea-
soning accountable through critique and reflection - so pedagogies
that foreground experimentation and feedback-rich cycles are not
ancillary but constitutive of disciplinary learning [57]. Specifically,
research found that process-centred learning, iterative inquiry, re-
flection, and self-regulated learning processes can better surface
critical thinking and meaning-making than reproduction-oriented
tasks [11, 58, 69].

As a direct contrast to traditional pedagogy, constructivists be-
lieve that learning comes about when a child actively ‘constructs’
through experience a means of understanding the world [1, 74].
Among those advocating for constructivist pedagogy, Seymour
Papert promotes constructionism, that knowledge is formed and
transformed in-situ and that technology can serve as a means for
developing tangible artefacts which evidence one’s learning [1, 73].
Two of the most well-known constructionist digital tools are Tur-
tle Graphics and Scratch; both were built for learning and have
proven to be successful. Researchers recently have explored how
other technologies (such as extended reality) can potentially be
used for facilitating constructivist learning [30, 62]. As Smith and
Tissenbaum [84] noted, these ubiquitous tools are useful for pro-
moting hands-on learning in areas where standard makerspaces
and devices are not accessible. However, it seems that these tech-
nologies, as constructionist objects, have rarely been used to help
students grasp concepts beyond computational thinking. Instead,
for creative subjects, topics like history are presented as built envi-
ronments for students to immerse themselves in [3]. Additionally,
digital art creation is sometimes viewed as distinct from physical art
creation, with educators valuing one over the other [4] (although
unique examples like [68] demonstrate some skill transferability
between digital and physical mediums). Savin-Baden et al. [81]
evidenced the benefits already seen in higher education when more
interactive and immersive technologies are used to “engage stu-
dents who are less responsive to conventional teaching methods” and
“extend learning opportunities to students in remote or underserved
areas.” However, examples of incorporating augmented, virtual
and mixed reality for collaborative learning of creative subjects,
especially within social sciences, with secondary students are rare
[83]. With this paper, we aim to explore this space by introducing
secondary students to constructivist learning through interactive
and immersive technologies in creative subjects.

2.2 The Reality of Technology-Centred
Deployment in Schools

Within the HCI research community, a substantial body of work has
examined how digital technologies could support pupil learning
in schools across various subjects, including literacy (e.g., Gener-
ative Artificial Intelligence (Gen-AI) to support writing projects
[33]), mathematics learning (e.g., tablet-based Augmented Reality
(AR) interactive maths activities [45]), computational thinking (e.g.,
smartphone-based voice-guided storytelling app [22]), arts (e.g.,
pottery-making using VR [31]), and culturally-oriented learning
activities that support history education (e.g., interactive white-
boards and tabletops for museum-inspired activities [17]). Such
solutions often support pre-specified tasks, demonstrable compe-
tencies, and outputs that are readily displayable and assessable,
rather than sustaining open-ended inquiry over time (a tension
also documented in HCI-adjacent making/design-in-school work
as classroom ‘making’ becomes oriented toward functional, fin-
ished deliverables) [51, 79, 95]. While much of the constructionist
research has examined how to shift from outcome-based to more
process-based approaches [73, 76–78, 86], much of this work is still
focused on promoting computational thinking rather than the cre-
ative learning that can play out when digital tools are woven into
the fabric of lessons. This work aims to fill this gap by providing
empirical results which illustrate how technology assists children’s
process thinking when the focus is less on the digital skills.

A further, and often underestimated, barrier to integrating educa-
tional technologies is deployability: as HCI researchers have noted,
individually tailored systems and bespoke installations evaluated
under comparatively controlled conditions are not sustainable with
the logistical, material, and methodological constraints that shape
everyday school routines [25, 82, 87, 92]. This gap becomes espe-
cially consequential in under-resourced and low-socioeconomic
settings, where schools prioritise essentials for accreditation over
‘extras’ such as digitally supported learning. The lack of digital
literacy among teachers is a well-documented barrier to the de-
ployment of technologies, particularly newer technologies such as
AR and VR [51]. Without adequate support and technology cham-
pions to ease technology integration into the classroom [36], this
can hinder a teacher’s ability to manage their classroom, sequence
activities, and adapt to facilitative, pupil-centred pedagogies [42].
Scheepmaker et al. [82] suggest with their toolkit for teachers that
collaboration with maker educators (those affiliated with a fixed
makerspace) would be a good avenue for mitigating the burden
placed on educators. However, as we explore in this paper, there
are benefits to ‘portable’ maker educators.

2.3 Contextualising The Research: Schools in
Low Socio-Economic Areas & Coastal
Communities in The UK

In the UK, low-socioeconomic areas are defined using Indices of
Deprivation (IoD), which capture compounded disadvantage across
the following domains: low household income, lack of employment,
weak educational attainment and skills development, poor physical
and mental health outcomes, reduced quality of life, high crime
rates, restricted access to adequate housing and essential services,
and poorer quality local environments (both indoor and outdoor)
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[61]. Coastal (sea-facing) communities within the UK are commonly
characterised as low-socioeconomic areas; specifically, two in every
three coastal towns are classified as high-income deprivation areas,
with high rates of major disease, and poor education levels [72].

In the context of school education, pupils from low-socioeconomic
backgrounds struggle to meet expected standards in writing and
mathematics; 53% of disadvantaged pupils are below expected lit-
eracy attainment levels, compared with 31% of other pupils, and
the disadvantage gap in reading was 17 percentage points [20]. Of
course, this means that such schools often prioritise “core” subjects
such as English and mathematics, leaving little or no curricular time
and provision for creative and vocational subjects [67]. Further-
more, special learning and support needs are strongly associated
with low social and financial status and are therefore concentrated
in many low-socioeconomic areas. In fact, 43.8% of pupils receiving
an Education, Health, and Care Plan (EHCP) in England are from
low-income households [21]. Therefore, there is an immense need
for pedagogical responses that cultivate pupils’ interest, sustain
meaningful learning for all (i.e., inclusive solutions), consolidate
knowledge, and build skills within the constraints of everyday
classrooms.

Access to digital technology also remains socio-economically
stratified in the UK. Ofcom1 estimates that 17% of pupils lack access
to a technological device, rising to 27% among the most financially
vulnerable households [71]. These disparities carry significant con-
sequences, as digital literacy is strongly associated with higher
employment rates and economic participation [6]. Accordingly,
digital competence can no longer be regarded as an optional enrich-
ment: sustained exposure to digital technologies and the deliberate
development of pupils’ technical skills are essential foundations for
future employability and inclusion in the modern economy across
most sectors, including health and social care [88], finance [91],
manufacturing [46], public service [60], and construction [18], just
to name a few. Furthermore, limited exposure to digital technolo-
gies can constrain pupils’ ability to develop interest in, and a sense
of belonging to, technology-intensive domains—narrowing their
awareness of tech-centred future career entails and reducing the
likelihood that they pursue technology-centred pathways. This
socio-economic skew is evident in the UK: only 19% of workers
in the tech sector are from working-class backgrounds (compared
with 33.3% across other sectors) [66]. Therefore, it is essential to sup-
port schools—particularly those serving low-socioeconomic com-
munities—to identify viable and practical approaches that provide
equitable, ongoing opportunities for pupils to engage meaningfully
with digital technologies, building foundational technical compe-
tence while widening horizons and enabling fair participation in
technology-mediated futures.

3 Methods
3.1 Methodological Overview & Positionality of

Research Partners
Methodologically, the research is an in situ, naturalistic exploratory
study of how a charity-led digital arts programme is taken up in
everyday school practice, with our analysis explicitly attending to

1https://www.ofcom.org.uk

these contextual conditions when interpreting classroom events. “In
situ” approaches in research are recognised as a “paradigm shift” in
whichHCI researchers leave the safety and security of controlled lab
environments to better understand how interventions, technologies,
designs, or approaches would withhold real life conditions [15].
To this end, we adopted an embedded, participatory qualitative
case study design to examine what happens when subject delivery
shifts from a predominantly outcome-oriented to a more process-
centred approach, supported by digital arts practices involving
both immersive and non-immersive technologies. This orientation
draws on Participatory Design (PD), a well-established approach
that emphasises the active involvement of relevant stakeholders
in co-design processes [75]. PD has been used productively across
a range of contexts, including teaching and learning [63, 68], and
children-centred research [10, 28].

As such, we partnered with a local arts charity2 (hereafter, the
Charity Partner). The Charity was founded in 2015, within a low-
socioeconomic area, by a digital composer, a visual artist and ed-
ucator. The Charity aims to up-skill the next generation through
projects that enable local people to access digital art-making tools
to create and share their stories. For this project, the Charity Part-
ner co-designed curriculum-aligned, technology-enabled learning
activities for Year 7 pupils (ages 11–12) with two secondary schools
located in a low-socioeconomic coastal local authority in England.
The delivery of the curriculum units was led by the Charity vol-
unteers, who are local professional digital artists (hereafter, Art
Facilitators) in close collaboration with Year 7 teachers. In terms
of planning and curriculum design, we (as academic researchers)
were involved in meetings between Charity Partners and school
decision makers and teachers, however, much of the decisions that
shaped the intervention were driven by the school needs, timeta-
bles, and subject-specific priorities, as well as the Charity Partner’s
financial constraints, access to technologies, and what would draw
on the existing expertise and backgrounds of the volunteering Art
Facilitators. As such, the Charity Partner led on the resourcing tech-
nologies, logistical arrangements, sourcing of Art Facilitators, and
any other administrative work required to deliver the intervention
successfully. The schools, on the other hand, identified the subjects,
specific timetable sessions, and the teachers who will collaborate
with the Art Facilitators to co-deliver these sessions. Considering
the schools have a high proportion of pupils with SEND and below-
average reading scores, and given that the Art Facilitators were not
specialists in adapting art-based activities for pupils with SEND, the
lesson plans were shaped and iteratively refined through teachers’
expertise and feedback during the co-design process to support the
full range of learners in mainstream classroom settings.

Our role as academic researchers was primarily for data collec-
tion and analysis purposes. Specifically, one researcher, who is an
expert in multi-disciplinary HCI research, provided academic over-
sight of the research process and acted as the main academic point
of contact. In addition, one researcher (researcher in Drama (i.e.,
participatory community theatre) who also has 15 years of prior
experience as an English & Drama secondary school teacher) was
dedicated to document meeting minutes (i.e., between the Charity
Partner, schools, and researchers), document observational notes

2https://www.electricmedway.org
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in all classroom activities across both schools, and administer an
end-of-term pupil survey. Finally, the remaining members of the
research team (HCI (n=3) and creative practice (n=3)) were involved
in the data analysis and synthesis that followed data collection.

3.2 Ethics
The study design and data collection method was approved by the
Central Research Ethics Advisory Group (CREAG) at the University
of Kent (Ref. CREAG059-04-25). As the Charity Partner and schools
identified the school year and curriculum subjects that were appro-
priate (and most in need of the intervention). As such, Year 7 (11–12
years) cohorts undertaking the arts subject in School A, history in
School B, and one mixed-age SEND class in School B were identified
as suitable for participation. All students were considered to partici-
pate in this intervention regardless on their abilities and skills. This
is to ensure that the intervention was inclusive for all and all Year
7 students undertaking these subjects had an equal opportunity to
experiment with technologies. The process of briefing the parents
about the study aims, methods, data collection, and duration was all
handled by the schools’ relevant administrative teams and in sup-
port of the Charity Partner. Parent consents and pupil assents were
collected by the Charity Partner. Only those who provided consent
attended these sessions. Pupils (and parents) were reminded they
could withdraw at any time. To minimise disruption and safeguard
participants, all activities and data collection took place during the
schools’ normal timetabled classes. Standard school gatekeeping
procedures applied for all adults with face-to-face access to pupils
(including Art Facilitators and the observing researcher). As Art
Facilitators and school teachers led the delivery of the intervention,
the researcher was positioned as an researcher in classes, rather
than directing participation. Privacy and confidentiality were en-
sured through anonymised collection; we deliberately chose not to
audio or video-record the sessions, and the researcher authored the
data in an anonymised manner. The survey was collected anony-
mously as well. As such, the research team was not privy to any
student-identifiable data.

3.3 Participants
Twelve subject-specific teachers participated in the delivery of the
project, and a total of 11 Year 7 cohorts participated in the project
(7 from school A and 4 from school B, each class comprising 24-30
pupils). In total, approximately 420 pupils completed the curriculum
units set in this project. While the 11 participating classes included
pupils with a wide range of abilities, an additional mixed-age SEND
class (School B) also completed the curriculum unit, allowing us
to capture the learning experiences of a wider range of diverse
learners.

3.4 Subject Areas, Project Phases, Curriculum
Units & Technologies

The study was organised into four phases aligned with the schools’
academic calendars. The study took one academic year to complete,
from planning to delivery.

Autumn Term: Co-Planning, Curriculum Design & Prepa-
ration. In this term, researchers, the Charity Partner, Art Facili-
tators, School administrators, and school teachers collaboratively

set initial meetings to explore the potential of process-oriented
approaches using art-based practices through technology and how
such approaches could be embedded into their existing curricula.
Depending on each school’s vision, needs, and existing shortcom-
ings, School A chose to focus on art as a subject, while School B
chose to focus on history.

Following initial scoping, the collaborative team shifted to ex-
ploratory design sessions to identify curriculum-relevant topics
for each subject, consider how technologies might be incorporated,
and develop classroom activities and supporting resources. These
decisions were shaped by the realities of deployability in everyday
school routines—what equipment schools already had, what the
Charity Partner could feasibly provide, and what Art Facilitators
could reliably deliver within the allotted time. These constraints
reflect the limitations mentioned within the body of HCI research,
where bespoke educational systems often underestimate logisti-
cal and material constraints in practice [92]. Given tight budgets
typical of under-resourced, low-socioeconomic settings, we delib-
erately excluded paid or bespoke software and instead focused on
free-to-use, off-the-shelf applications alongside the hardware that
can be realistically sourced by the Charity Partner.

Whilst the meetings were carried over a period of 14 weeks, the
meetings (introductory and design sessions) varied in frequency
depending on the availability of the project partners, the time con-
straints faced by school administrators and teachers, and the Art Fa-
cilitator’s schedule. A total of 3 meetings were conducted. Meeting
minutes were recorded to capture key discussion points, decisions,
and next steps. The notes were 0.5-1 page long on average.

Towards the end of the term, the Art Facilitators and school
teachers developed a clear understanding of the units they were
to deliver in each school, as well as the frequency and duration of
each unit. Ultimately, the curriculum at each school was organised
into three units, each comprising three one-hour classes over a two-
week period. Therefore, for each school, process-focused art-based
activities were delivered over 6 weeks (over 9 one-hour classes).

To ensure the curriculum is manageable to deliver (i.e., with
consideration to logistical issues such as Art Facilitator’s availability
and equipment sharing across two schools), the project partners
decided to deliver the curriculum one school per term.

Spring Term: School A Arts Curriculum Delivery. The cur-
riculum was delivered in art lessons at School A throughout the
spring term. The frequency of these lessons depended on the school’s
schedule for Year 7 art lessons. During each one-hour class, pupils
were seated in pairs and swapped turns interacting with the tech-
nology, with one peer learning by observing or supporting the
other. Across the span of 9 classes, the Charity Partner and Art
Facilitators designed the units so that pupils engage with different
technologies (i.e., VR and tablet), as well as a range of digital art
formats (i.e., 3D sculpting, 2D art, and photogrammetry), with the
aim of developing their creative, technical, and critical capacities
through hands-on digital art making. Specifically:

• Unit 1: Digital Clay. Pupils used Nomad Sculpt 3 on tablets
to create 3D digital claymodels based on their pencil sketches.
For example, pupils transformed two-dimensional animal
drawings into three-dimensional digital sculptures (see fig. 2).

3https://nomadsculpt.com
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(a) A pupil translating their traditional
sketch to digital sculpting.

(b) A close-up of a student’s 3Dmodel version
of their sketch.

(c) The classroom ecology during the inter-
vention session.

Figure 2: Snapshots of School A Digital Clay Intervention.

• Unit 2: Digital Photography andPhotogrammetry. Pupils
learned photogrammetry using the Scaniverse 4 app on
tablets to create three-dimensional models from photographs.
They combined these models with 2D Islamic art elements
and used Procreate 5 to colour and collage the images, re-
sulting in digital collages (see fig. 3).

• Unit 3: VR Painting. Using VR headsets equipped with
OpenBrush6 and tablets with Procreate, pupils painted in
three-dimensional virtual space, drawing on themes from Re-
naissance art (i.e., forms of arts from the 14th-16th centuries
in Europe) as inspiration for their compositions.

Summer Term: School B History Curriculum Delivery. The
curriculum was delivered in history lessons at School B throughout
the summer term. The frequency of these lessons depended on the
school’s schedule for Year 7 art lessons. During each one-hour class,
pupils worked in small groups, supported by one Art Facilitator and
their history teachers. Pupils engaged in digital arts-based practices
that were refocused to be history-centred. Similar to School A, the
Charity Partner and Art Facilitators utilised tablets and VR headsets
across varied contexts in order to introduce students to a range of
approaches to digital art-making. Specifically:

• Unit 1: AR Museum. Pupils conducted AR photogram-
metry on local historical sites. Using the tablet-based app,
Scaniverse, they created three-dimensional AR models of
locations with local historical significance, with the aim of
curating a virtual museum.

• Unit 2: Transport Memorial. In collaboration with a local
museum, pupils used Nomad Sculpt on tablets to design 3D
memorials relating to themes of transport and local history.

• Unit 3: ‘Fair Prisons’. Pupils were introduced to historical
debates about crime and punishment and tasked with de-
signing a ‘fair prison’. They first sketched 2D floor plans on

4https://scaniverse.com
5https://procreate.com
6https://openbrush.app

paper and then used Arkio7, an architectural design applica-
tion, together with tablets and VR headsets to construct and
explore their designs in VR (see fig. 1).

3.5 Data Collection
We drew on two sources of data for the study: classroom observa-
tional notes [OBS] authored by one researcher and a pupil survey
[SUR] that was administered at the end of the term.

• Observational Notes. The sessions were not audio- or
video-recorded due to the ethical and practical sensitivi-
ties of conducting research with children in school settings.
Avoiding recording was intended to minimise intrusion, re-
duce safeguarding and anonymity risks, and preserve the
more natural classroom environment. Instead, the researcher
produced detailed observational notes during each session,
which were written up and expanded immediately after-
wards. Notes recorded what happened during lessons (e.g.,
task structures, use of technologies, interactions around tools
andmaterials) as well as reflective comments on classroom at-
mosphere and dynamics. The observations focused in partic-
ular on: (i) how teachers, artists and the arts partner worked
together to introduce and manage the use of immersive and
non-immersive digital technologies; (ii) how pupils related
to the technologies in practice, including moments of confi-
dence, difficulty and workaround; and (iii) how classroom
dynamics, including collaboration between pupils and the
teacher–pupil relationship, shifted as process-based, open-
ended tasks unfolded over time. Any pupil speech reported
in the notes should therefore be understood as contempora-
neously recorded, but is not necessarily a verbatim transcrip-
tion. As such, quoted extracts represent close approximations
based on in-session note-taking and immediate post-session
elaboration, and are used to convey the substance and charac-
ter of pupils’ contributions. To enhance the trustworthiness

7https://www.arkio.is
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(a) One student’s digital tile. (b) Another student’s digital tile. (c) The classroom ecology.

Figure 3: Snapshots of School A Digital Photography and Photogrammetry.

and accuracy of details captured, the observational notes
were shared with teachers and Art Facilitators for corrobo-
ration. For each class observation, notes were 1.5-2.5 pages
long.

• Pupil Survey. At the end of the term, upon completion of
the intervention, pupils in School A were invited to complete
a short paper-based survey in class about their experiences
over the curriculum units. A total of 176 responses were
obtained. The survey was constructed in collaboration with
the teachers and used simple language to make sure that the
pupils understood the questions asked. The survey included
a series of open-ended prompts about the activities carried
out in the arts curriculum units. The questions asked pupils
to describe and reflect on:
– Whether they enjoyed working with technologies and the
apps they used;

– How they created their digital artworks from their initial
form to the final output;

– What went well, the challenges they encountered, and
how they overcame these challenges;

– In what ways they felt they had developed as artists;
– What kind of skills and techniques they gained through
these classes;

– The perceived advantages and disadvantages of using tech-
nology to create digital art;

– Whether they preferred digital over traditional art-making
techniques and why.

As for School B, it was not possible to collect and administer the
pupil survey due to the large class sizes and the prioritisation of
class activities over research-related data collection.

3.6 Data Analysis
The observational notes and open-ended survey responses were
collated into a single corpus and analysed using Reflexive Thematic
Analysis (RTA) [8, 9]. Consistent with RTA, we did not apply a
predefined codebook, and instead, we treated themes as analyti-
cally generated through researchers’ engagement with the data.

Three co-authors (researchers in HCI) led the analysis in close
collaboration with the wider research team. In line with RTA’s em-
phasis on reflexive interpretation rather than procedural reliability
[8], analysis proceeded inductively. The three authors familiarised
themselves with the corpus and wrote initial analytic memos, which
were discussed across a series of meetings. These discussions also
included the community arts researcher who authored the obser-
vational notes, thereby supporting a shared understanding of the
classroom context and pedagogical intent. Inductive coding was
then undertaken across the dataset. The three co-authors led coding,
with another two co-authors (a researcher in technology design
and a researcher in HCI) contributing through parallel reading,
discussion, and cross-checking of interpretations. Following ini-
tial coding, the research team (researchers in HCI (n=4), creative
practice (n=3), education and social work (n=1)) synthesised the
codes with example excerpts of data using a shared Miro board to
facilitate collaborative analysis. Codes and associated data extracts
were clustered into candidate themes. Candidate themes were it-
eratively refined through discussion with the research team, with
attention to internal coherence, distinctiveness, and alignment with
the research questions.

4 Findings
Overall, the findings were organised, presented and discussed to
answer the following questions: RQ1: How does process-based
technology-mediated creative learning shape the development of
pupils’ HOT skills? RQ2:What classroom-ecology changes emerge
when immersive and non-immersive digital tools are used in collab-
orative creative pedagogies? RQ3:What breakdowns, constraints,
and trade-offs condition the deployability of a bottom-up, off-the-
shelf creative technology curriculum in low-socioeconomic sec-
ondary schools, and what lessons learned from deployment can
help with facilitating resilient implementation?.We therefore report
the following cross-cutting themes that foreground process-first
learning as it unfolded in the classroom. Specifically, the themes
Creative Exploration Through Digital Possibility Spaces, Risk Tak-
ing as a Critical Ingredient for Process-Based Pedagogy, and Critical
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Thinking speak primarily to RQ1 by showing how iterative mak-
ing, revision, judgement, and evaluation were enacted in practice,
while also revealing the altered participation structures and peda-
gogical relations associated with RQ2. The theme Social Learning
as a Core Learning Mechanism is most closely tied to RQ2, while
also showing how peer-supported interaction contributed to pupils’
reasoning, persistence, and self-regulation in ways relevant to RQ1.
Finally, the theme Breakdowns & Workarounds: A Practical Reflec-
tion on Deployment addresses RQ3 most directly by foregrounding
the practical conditions that shaped what could be achieved in
situ. As such, these themes respond to the research questions at
three interconnected levels: they show how HOT skills were sup-
ported through process-based creative practice; how technologies
reshaped classroom ecology by redistributing talk, support, author-
ity, and participation; and how implementation was co-produced
through the contingencies of real-world deployment. Throughout,
we used short extracts from observation notes to capture interac-
tional details (e.g., turn-taking, talk, classroom management, tool
breakdowns) and survey excerpts to show how pupils themselves
framed affordances, frustrations, and perceived learning.

4.1 Social Learning as a Core Learning
Mechanism

Collaborative learning scholarship has long emphasised that progress
in open-ended tasks is not produced solely through individual cog-
nition, but through socially organised regulation — peers jointly
framing problems, distributing attention, and coordinating strate-
gies and affect in situ [32, 41]. Consistent with this view, our data
show that process-centred, tool-mediated sessions reconfigured
the classroom’s coordination infrastructure: pupils’ talk became a
primary site for instructional work (micro-tutorials, troubleshoot-
ing, decision-making). The following subthemes unpack how peer
practices functioned as a mechanism of learning.

4.1.1 Partner Talk & Peer Guidance. Where classroom activity
is typically organised through tight, teacher-led sequencing, ex-
ploratory sessions exhibited a marked shift from this configuration.
Pupils advanced tasks through coordinated joint action—talking,
trying, and iteratively adjusting—while teachers and Art Facilita-
tors did not feel the need for such directive control and instead
positioned themselves as facilitators who moderated progress, sup-
ported troubleshooting, and maintained the conditions for produc-
tive exploration.

"I noticed 3 pupils talking as a group whilst moving their shapes.
They were not really listening to [the Art Facilitator], but they didn’t
need to; they were actually moving their shapes successfully” [OBS]8.

Across sessions, partner talk functioned as a primary mechanism
through which pupils navigated unfamiliar tools and sustained
progress. Rather than routing questions through teachers or Art
Facilitators, pupils routinely turned to one another for guidance.

“Pupils often turned to peers rather than adults for guid-
ance, and some even commented that they see them-
selves as ‘teachers’ for their partner [...] evidence of
pupils talking through technical issues with each other”
[OBS].

8[OBS=Observation Notes]

At a surface level, these exchangeswere largely concrete and interface-
specific—micro-tutorials embedded in the flow of work that helped
peers navigate technical breakdowns (e.g., “How do you go into
space?” / “You can just scroll down until you find it” ) [OBS]. Reading
more analytically, however, partner talk also signalled an identity
shift in how pupils positioned themselves within the learning pro-
cess: by instructing and supporting others, some began to frame
themselves as legitimate sources of knowledge (e.g., “I’ve never
thought about being a teacher before!” ) [OBS], moving from pas-
sive recipients of instruction toward active contributors and peer
supporters. This re-positioning was not merely rhetorical; it was
enacted through the situated practices of peer guidance that struc-
tured pupils’ work. Pupils repeatedly enacted the role of a “teacher”
through micro-exchanges that surfaced discoveries, translated in-
terface features into actionable instructions, and scaffolded one
another’s progress in real time. For example, many pupils shared af-
fordances as they encountered them (“You can draw a rainbow with
the brushstrokes!” ) [OBS]. They also used talk to appraise options,
negotiate difficulty, and steer decisions, effectively co-authoring
what counted as a workable plan: “I’m going to draw this one” / “Try
that one, it looks easier!” [OBS]. Pupils framed communication as
integral to making and planning: “I had to share and offer ideas[...]
think about my design and my next move[...] ask questions so I could
understand the app better” [SUR, P84]9 ). Pupils also stated how they
explicitly positioned peer support as a resource for persistence and
troubleshooting: “it was difficult at first, but I asked my partner for
help” [SUR, P63]; “my partner helping me, guiding me” [SUR, P140].

4.1.2 Emotional Growth Through Social Learning: Learning The Art
of Care & Repair. Typically, secondary classrooms can be shaped
by competitive dynamics that inhibit help-seeking and, at times,
spill into disruption [47]. In contrast, we found that the explorative
nature of the activities introduced has cultivated a more team-
oriented mode of participation: pupils treated peers as collaborators
rather than competitors, and partner work was described as “quite
effective” relative to more individuated formats that could feel like
“divide and rule” [OBS]. Within this collaborative configuration,
social learning did not only support task completion; it also became
a vehicle for collaborative thinking and solution-finding:

“After this group have been struggling for some time,
one peer screams: we’ve found a creative solution! We
can use these pictures to trace with!” [OBS]

Furthermore, it was clear that through such a collaborative work-
ing mechanism, pupils build an empathetic understanding to one
another, leading them to truly listen to one another (e.g., “I listened
to their ideas and actually used them” [SUR, P45]; “[...]understand-
ing my partners ideas and taking them into a count” [SUR, P115]),
interpreting humility as a quality for good communication during
iterative feedback and refinement loops (e.g., “I have shown humility
by reflecting on previous designs and improving future work” [SUR,
P76]), and finally, offering distress relief at crucial times (e.g., “my
pot got deleted[...] I used my partner’s pot to help me continue.” [SUR,
P7]. As such, partner support reduced the individual cost of explo-
ration and breakdown, enabling pupils to persist in open-ended
activity without collapsing into frustration or disengagement.

9[SUR=Survey, Participant ID]
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However, peer interactions were not fault-free; when collabora-
tion fractured, pupils described recognising the harm they had done,
showing remorse, and taking action to repair what was broken:

"We did have some arguments and I ruined his work
once[... I] apologised and tried to make it better and put
the work back together.” [SUR, P111]

In addition, there were also times when pupils needed reminders
about respecting peer boundaries. For instance, the immersive ses-
sions introduced interpersonal risks that required norm-setting:

“During the VR session, [the students] immediately started
trying to mess about with the students who have the VR
headset on them. The Facilitator immediately stamped
down on[...] It is impressive how the group respected
each other’s boundaries afterwards” [OBS].

Across these forms of emotional growth, collaboration was not
simply a pro-social add-on to creative technology use. Rather, it
was part of the pedagogical mechanism by which pupils sustained
participation in open-ended work—supporting collective problem-
solving, buffering breakdowns, and cultivating repair-oriented rela-
tions that made iterative exploration socially viable.

4.2 Creative Exploration Through Digital
Possibility Spaces

Across units, the tools created digital possibility spaces where cre-
ativity could unfold through doing: trying an idea, undoing it, re-
shaping it, and following where it led [29]. This process way of
working changed the classroom attitude towards achieving the
lesson task—from getting it right the first time to learning by test-
ing, adjusting, and discovering. In our data, creative exploration
flourished when pupils approached the lesson as an invitation to
probe the tool’s capabilities and build momentum through iteration.
Pupils themselves described this as a kind of “going further” with
their ideas; one pupil wrote that the iPad “assisted me to explore my
creativity into greater depth” [SUR, P142].

4.2.1 Releasing Creative Expression. Throughout the sessions, it
was clear that pupils’ interests in the subject (art or history) varied
greatly. Some students even mentioned their lack of interest in the
subject, and how using digital tools not only fostered interest in the
subject, but also enabled them to produce artwork that confidently
made them proud:

“During our first lesson, i was too nervous and believed
i was not able to create a digital pot. I believed i could
not do anything to do with art and that art was just too
hard for me. However, after this module i have learnt
that as long as you try in what you do, you will succeed
in it. I managed to take a risk and try to create a digital
pot. I am very happy with the outcome of my pot and
i am also proud that i was able to take a risk.” [SUR,
P139]

This change in classroom dynamic was most striking in the VR-
OpenBrush sessions, where students repeatedly expressed delight
at moving between environments and effects. The researcher noted
that “there was a huge amount of attention given to the different
environments” and that reactions were “so imaginative” as students
narrated their exploration in real time: “It’s Dr Strange’s portal! I’m

just stepping through it!” and “Hey, it’s a chromatic wave!”, “How can
you FEEL it?”, “It’s like your own little world.” [OBS]. Pupils oscillated
between excitement and apprehension “This is so scary, it’s cool, but
it’s scary!” [OBS], suggesting that the experience stretched them
effectively as well as creatively. This sense of ‘art expression’ was
not only a property of the medium, but also co-produced through
facilitation (e.g., how adults framed the activity as exploratory).
Importantly, this dynamic was not exclusive to VR. In School B’s
AR museum-trail activities, pupils also described the scanning expe-
rience as simultaneously enjoyable and unsettling (“It’s fun!”; “It’s
scary!”) [OBS], indicating that even less immersive technologies
can create an affective stretch that invites creative expression.

Moments of surprise often came from immersion in the inter-
action itself rather than from an intended final product (e.g., “Hey,
I just touched the colours!” [OBS]), and how exploration was fre-
quently a way of tuning into the tool’s affordances as they emerged
in the moment. Although this pattern was most clearly articulated
in School A’s VR-OpenBrush art sessions, a related sense of playful
immersion also appeared in School B’s VR Arkio lesson when VR
time was used for freer tool exploration. Here, the class teacher
allowed pupils to choose their own groups and move around, and
the researcher recorded spontaneous, joyful experimentation (e.g.,
surprise at hand-tracking and playful graffiti-like markings).

We saw the potential for social norms to influence immersion. For
instance, the researcher noted at School A, whatever the students
made in VR was not easily legible to others, so they felt “less seen”
and therefore “less judged” making playful experimentation feel
safer [OBS]. However, this reduction in judgment was contingent
rather than automatic. When VR work was made more publicly
legible (e.g., by linking a headset view to the whiteboard), moments
of performance anxiety surfaced (“You can all see my art!”; “This is
actually so embarrassing!” [OBS]) suggesting that the “less judged”
dynamic depends on how visibility is configured and managed in
the classroom.

4.2.2 Anchoring Exploration to Disciplinary Aims. Across both sub-
jects, the most productive moments of creative exploration were
when pupils (and adults) tried to connect what the tool made salient
to what the lessonwas ‘about.’ When that connection held, the possi-
bility space became a resource for subject-specific meaning-making.
However, when the pedagogical goals attempted to constrain the
possibility space, the tool’s most compelling affordances, effects,
colours, textures, and shortcuts could pull activity toward aesthetic
play or workflow completion, causing the curriculum to fade into
the background.

In School A art lessons, this mismatch was most visible in the
Procreate/Islamic tiles sequence, where technical steps often domi-
nated attention away from the pedagogical aims of learning about
Islamic art. The researcher noted that pupils could describe what
they were doing as making “the background” but “couldn’t specify
what it was for” [OBS]. For example, with aesthetic decisions, the
pupils were prompted to use blues/greens linked to Islamic tile
traditions, but many chose reds and pinks because “I like/prefer
using reds/orange/pink” and continually framed choices through
preference rather than the art-historical anchor. Some reworked
backgrounds into swirl patterns despite being asked not to, with the
researcher suggesting the tactile satisfaction of making swirls as a
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compelling “pull” of the tool [OBS]. This sense of being pulled into
aesthetic flow also appeared in survey reflections, as one student
noted:”The pattern i did was just a freestyle sort of manoeuvre and
just decided to go with the flow.” [SUR, P4]. While P130 described
that “the pattern of my digital print was a neon pink and purple, it
was swirled and twiste[d]” they also noted how they tried to tie it
back to the lesson “we then added a large flowers and vines to give our
artwork an islamic effect” [SUR, P130]. Even the adults struggled to
negotiate between encouraging creative flow and achieving lesson
objectives. The facilitator, when asked what he would do about
colour choices, planned to re-emphasise the Islamic art element
but admitted reluctance to override choices that “popped” visually
[OBS]. In practice, the possibility space was co-managed, some-
times tightened toward the disciplinary story, sometimes allowed
to run on its own momentum.

In School B History lessons, the same tools illustrated the en-
hancement to learning that could come with alignment between the
tool’s affordances and the lesson objectives. The observation notes
suggest that pupils seemed most confident when history meant
“finding answers through researching sources” were less sure about
what it meant to use creativity as part of historical work, with
one higher-attaining pupil expressing a gap between intention and
form: “It’s not the same as what’s in my head” [OBS]. Against that
backdrop, the possibility space sometimes functioned as a bridge be-
tween feeling, evidence, and explanation. After being introduced to
archival materials about child transportation and punishment, the
researcher noted the class was “completely engaged” and shocked
by the image of a public flogging [OBS]. In Nomad Sculpt, pupils
used metaphor and narrative to make sense of that evidence. One
group reframed a fantastical “dragon fly boat” as a “prison hulk” or
“boat wreckage” where “they’ve drowned in the ocean,” prompting
peers to ask “Was it sabotage?” and “Did it actually sink?”. Another
pupil justified a colour choice by linking it to punishment: asked
“why is it red?” they replied “It’s the blood from the lashes,” while
another described “prison cells” along the bottom of the ship [OBS].

4.3 Risk Taking as a Critical Ingredient for
Process-Based Pedagogy

Throughout the observation data, it was clear how ‘erase’ and
‘undo’ operated as infrastructural features that lowered the penalty
of error and thereby made iteration a legitimate, routine mode of
working rather than a signal of failure:

“The main advantage with digital clay was that it could
be erased easily and started again”
“Deleting work on an app is less disturbing than ripping
up work”
“A similar dynamic was visible in School B’s iPad-based
making, where pupils repeatedly moved between trying
an idea and revising it in response to prompts and peer
feedback, treating the artefact as something to continu-
ally rework rather than ‘get right’ in one pass” [OBS].

In this sense, what later appeared as ‘creativity’ in the final arte-
fact was underpinned by a process shift: pupils were more willing
to attempt bolder moves because wrong turns were inexpensive
and reversible. In fact, pupils frequently framed risk-taking as the
mechanism through which learning progressed—trying things that

might ‘ruin’ an artefact, then evaluating and adjusting. One pupil
described deliberately taking a risky step and discovering that it
improved the outcome: “I did some things that I knew that could
ruin my vase but I still did it anyway and the results came out better”
[SUR, P24]. Others articulated a broader logic of exploratory learn-
ing, where varied tools and techniques made discovery continuous
(“There are a lot more options and techniques[...] you can find out
new things often, helping you to improve each time” [SUR, P175])
and where partial failure was reframed as productive information
rather than a stopping point (“took some risk[...] some did not turn
out well but most did” [SUR, P102]). The ability to undo supported
this stance by enabling rapid, low-commitment trials: “you might
think, ‘What about this colour?’ [...] and if you don’t like it, you can
use the undo button” [SUR, P14]. Here, risk-taking was not merely
permitted; it was incentivised as an epistemic strategy for exploring
a design space.

Pupils also linked undo/redo to enjoyment and reduced frus-
tration, particularly because restart and revision were quick and
non-destructive. One pupil connected ‘restartability’ to imagination
and visualisation: “We use more imagination[...] and the easiness to
restart your pot if you mess up” [SUR, P37]. This suggests that ease
of revision supported a more playful, less anxiety-laden orientation
to making. Another explicitly contrasted the temporal and affective
costs of physical rework with digital rollback: “you can make it super
quick[...] and if you make a mistake you can[...] go back[...] while a
physical you can not” [SUR, P111] (something that also potentially
helped with social repair, see 4.1.2). As such, reversibility did not
simply speed up production; it changed the emotional calculus of
experimentation by reducing the friction and perceived labour of
‘getting it wrong,’ thereby helping pupils stay engaged through
repeated cycles of trying and adjusting.

Several pupils described digital sculpting as offering a materially
legible space for experimentation—supporting manipulation, play-
ful deformation, and repeated reworking in ways that resembled
familiar craft practices. One pupil emphasised tactile metaphors of
shaping: “pinch and drag[...] create random holes like in real life[...]
it made me feel as I was playing with real clay” [SUR, P133]. Oth-
ers framed the medium as effectively unlimited-“with virtual art
apps you can use it as often as you like” [SUR, P8]; there is no limit,
the imagination is your only limit” [SUR, P140] —which positions
iteration as both economically and imaginatively sustainable. As
such, these findings suggest that ‘low-cost experimentation’ was
not only a property of the interface but a perceived condition of
possibility: the tools made repetition, divergence, and reworking
feel viable within the constraints of classroom time and material
scarcity.

4.4 Critical Thinking
Critical thinking is evidenced by children displaying the following
abilities: analysing arguments, claims or evidence; making infer-
ences using inductive or deductive reasoning; and evaluating and
making decisions or solving problems [49]. Work has focused on
making technology as a means of encouraging children to think
critically about technology (e.g. [50]), but our data illustrates that
simply embedding technology as a means of making can encourage
critical processes. The following subthemes evidence how making
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helped students work through lesson topics but also question the
value of what they were producing.

4.4.1 When making becomes thinking. Throughout the sessions,
there were frequent instances where pupils turned making into
a prompt for explanation and critical engagement. Pupils were
asked (implicitly and explicitly) to account for what they were
doing, whether it was ‘working,’ and why certain choices felt fair
or meaningful. Observation notes captured that this values-work
was uneven: when asked to design for rehabilitation, the researcher
noted limited “empathy” and suggested the year 7 group “can tend
to reflect ideas from older adults and family members” rather than
forming their own opinions [OBS]. Later, when pupils were asked
to draw their own prison cells, a teacher interpreted some designs
as “they may have been drawing the sort of cells that they might prefer
themselves, perhaps being more empathetic,” while the researcher
remained unsure whether this reflected pupils’ reasoning or closer
following of a “modelled design” [OBS]. Here, making became a way
to externalise and argue about historical ideas (fairness, punishment,
rehabilitation) rather than only completing a product.

In School A, critical engagement surfaced through pupils’ stan-
dards for their work. Across photogrammetry and Procreate ses-
sions, the researcher repeatedly captured how pupils monitored
quality, questioned competence, and made strategic decisions about
what to keep, undo, or delete. For example, pupils became frustrated
when Scaniverse/photogrammetry outputs were lower quality than
expected, sometimes initially treating this as personal failure until
reassured it was a software constraint [OBS]. Similarly, the notes
captured patterns of deleting work (or deleting and redoing late into
a session) as pupils tried to manage how their competence might
be evidenced in a medium where mistakes can be erased without
a trace, unlike physical work that leaves a visible residue [OBS].
Nonetheless, not ‘all’ actions are untraceable, and some can even be
used for critical and reflective evaluation on in-progress work. For
instance, using Procreate’s time-lapse process10, pupils were able
to understand where their work was heading and evaluate their
steps as they went [OBS].

4.4.2 Questioning Authenticity & Ownership. The findings show
that pupils were not only evaluating the quality of their outputs;
they were also evaluating the medium and its implications for what
counts as art, authorship, and value. For some, digital making raised
questions of authenticity and expressiveness: they framed ‘virtual
art’ as missing qualities they associate with human presence in
handmade work. One pupil articulated this as a loss of affective
trace and intention:

“The disadvantages of using technology to create virtual
art are that it lacks the personal touch and emotional
depth that comes from a human artist and it may lack
the creativity of manual art” [SUR, P142].

In this register, the issue was not whether the artefact looked ‘good,’
but whether the process and result could carry the kinds of meaning
pupils associate with embodied, human craft. Another recurring
question of the students was with the idea of software-mediated

10Procreate “records every step of the creation of your image. This then compiles it into a
high-speed video replay you can export and share.” [80]

‘perfection’ and perceived sameness. While many pupils experi-
enced the tools as freeing—less worry about ruining materials, eas-
ier iteration—others experienced the same properties as restrictive
because they seemed to impose a uniform aesthetic. One pupil con-
trasted the independence of physical making with the standardising
effects they attributed to Nomad:

“By using physical art you are able to be more indepen-
dent and your able to do exac[t]ly what you want. By
using NOMAD the lines are perfect and everything is
the same, meaning its just to[o] perfect” [SUR, P130].

This suggests that the very affordances that made experimentation
exciting (e.g., smoothing, undo, automatic correction) also risked
being read as diminishing individuality—especially when pupils
valued imperfections as evidence of personhood and process.

Relatedly, pupils invoked material trace and tactility as impor-
tant criteria for ‘realness.’ Several accounts positioned traditional
making as more meaningful because it preserves marks of the hand
that can be both seen and felt.

“I definitely prefer the traditional way of doing it be-
cause I like to be able to make all of the markings by
hand. When they are done I like to be able to feel over
the markings by hand and see all of the detail added”
[SUR, P124]

Here, ‘real’ art was not defined by representational accuracy, but
by contact: the artefact carried evidence of the maker through
texture, friction, and durable marks—qualities that pupils felt were
attenuated or absent in screen-based production.

Pupils also used the activities to reason about ownership and
authorship in digital contexts. Some expressed anxiety that digital
artefacts are easier to appropriate, which shaped their sense of
control over their work: “someone could download it and claim it
as their own” [SUR, P171]. Others raised a different authorship
concern: when the interface strongly shapes the output, pupils can
become uncertain about what portion of the artefact is “theirs.”

“It was too perfect and I got confused because the tools
made it look good and I did not know if it was me or
the iPad” [SUR, P128].

Importantly, pupils did not uniformly reject this redistribution of
agency. For some, tool assistance was valued precisely because
it reduced barriers to participation in practices they otherwise
perceived as requiring “talent” (e.g., “[Digital art is] good as you dont
need much talent or ‘skill’ where as ‘normal’ art you have to paint it
and you need to be able to do pottery” [SUR, P57]. These statements
complicate any simple reading of ‘authenticity’: the same features
that some pupils interpret as undermining artistic agency are, for
others, what make artistic participation possible.

5 Breakdowns & Workarounds: A Practical
Reflection on Deployment

In under-resourced schools, the success of exploratory digital mak-
ing was not a property of the tools alone but an accomplishment
produced under, and continually negotiated within, real classroom
constraints. Across both sites, the ‘possibility’ of process-based
learning depended on boundary conditions such as technical relia-
bility, device access, short lesson windows, and available support
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for teachers to facilitate sessions in ways they were not accustomed
to. In School A, network and file constraints repeatedly shaped
what counted as feasible work: when connectivity or scan quality
failed (e.g., distorted images), pupils could not always use their own
materials and the lesson shifted toward preloaded assets prepared
by the charity [OBS]. When apps crashed or work was lost, explo-
ration collapsed into recovery, and the activity advanced through
ad hoc workarounds rather than planned extension—often with
adults effectively acting as the infrastructure that kept participation
moving.

The deployment breakdowns and limitations were shaped in part
by the specific technologies used in this study. These devices were
not selected solely according to the needs of the project, but were
constrained by what the Charity Partner could source and what
the Art Facilitators could realistically deliver in situ. Consequently,
the challenges observed were inseparable from the material and lo-
gistical characteristics of the devices themselves, which influenced
participation, pacing, and classroom management across sessions.
For instance, for some technologies, access constraints redistributed
who could explore, for how long, and with what continuity. In AR
sessions across both schools, device-sharing and short turns com-
pressed exploration into hurried cycles, limited opportunities for
extensive modelling and reflection, and generated waiting time that
raised the noise level and made off-task drift more likely [OBS]. In
School B, these dynamics were intensified by routine pressures (i.e.,
late arrivals, sanctions, uniform enforcement) and environmental
factors (i.e., hot weather), which reduced time-on-task and made
sustained making harder to maintain [OBS]. In early Arkio ses-
sions, headset setup and changeovers absorbed facilitator attention,
leaving some pupils waiting with little to do; time limits meant not
all pupils got to use the VR headset, and “the room became nois-
ier and more distractible because access to the immersive space was
unevenly distributed” [OBS]. However, lesson management proved
to be more robust when pupils first built confidence with the iPad
interface and VR was framed as “just another interface,” enabling
smoother turn-taking and freer exploration [OBS]. In addition, the
lessons’ fragility was heightened when recognised authority was
absent: when substitute teachers appeared disengaged, pupils mir-
rored that stance and tasks drifted toward peer performance, raising
uncertainty around discipline and safeguarding [OBS].

These deployment conditions interacted with pupils’ uneven
familiarity with digital tools and with the stability of classroom
authority. For some pupils, unfamiliarity demanded persistence
and produced identifiable confidence gains (“In the start I could
not use the tools efficiently[...] but then I kept going and I made a
good pot” [SUR, P40]; “I had persevered and have learnt how to use
the gizmo tool” [SUR, P22]). Others described the tools as opening
participation into art (e.g., “Before I did not like art but now I have
started to like it” [SUR, P45]) and as supporting strategic planning
tools (e.g., “first I will do it digitally[...] avoid disasters so I can then
do it physically” [SUR, P4]). And some pupils saw the exposure
to technologies was of value in its own right (e.g., wanting to
“learn more about NOMAD sculpt[... because they] want to be a game
developer” [OBS]).

6 Discussion
This study contributes an in situ account of how process-first learn-
ing can become workable at scale in everyday secondary class-
rooms. Across a charity-led digital arts programme in two low-
socioeconomic schools (400+ Year 7 pupils), we saw pupils shift from
cautious, task-compliant participation toward exploratory agency
when adults created structured permission to experiment. Integrating
technology into lesson curriculum, something that is relatively rare
in HCI [90], encouraged students to focus on the creative process
instead of the outcomes, allowing them to illustrate critical HOT
skills in action such as problem-solving (trial-by-error exploration
of the tool), creativity (no longer feeling limited by resources), and
self-regulation (learning and repairing social boundaries). By fo-
cusing on making, pupils were also given a chance to develop their
critical thinking skills by mimicking empathetic design, reviewing
their work through time-lapse features, and questioning the value
of virtual art. Despite these positives, we also found that persistent
limitations due to resources (i.e., time, infrastructure, classroom
management, tool familiarity/availability) still hindered the success
of the intervention at times, even with attempts at mitigation. In
this section, we discuss how process-learning through technology
supports children’s agency and considerations for the deployment
of technology in under-resourced classrooms.

6.1 Process-First Learning as a Pathway to
Pupils’ Agency

Agency and autonomy have many facets [7], we treat agency here
as contextual and interactive: something pupils do in relation to
classroom norms, materials, and others, rather than an individual
trait that some pupils simply possess [55]. In this sense, creative ex-
ploration emerged as a classroom achievement, sustained by shared
routines that made trying, revising, and discussing work socially
legitimate. In this way, the interdependent collaborative learning
environment [44] that helped develop creative artefacts that aligned
with the lesson aims created a collective view of agency. We note
that we do not see this interdependent expression of agency as
overshadowing or working against any child’s independent expres-
sion of agency but as another means of supporting independent
agency. As noted by Waters et al. [94], peer support is critical in
Year 7 for making the transition to secondary school positive. For
instance, we saw how through collaboration, individual children
could “understand” and ”tak[e]” their partner’s ideas into consider-
ation as a means of making their own outputs. Technology as the
object through which learning is expressed served as a conduit for
sharing and reflection, which Resnick [76] noted are fundamental
building blocks for helping learners develop creative-thinking skills
and agency.

Becausewe recognise a pupil’s independent agency as contextual,
it is important to acknowledge that permission to express agency
was made concrete by the adults in the classroom. Adults, such as
teachers and the Art Facilitator legitimised partial progress and
unfinished work, framed mistakes as expected, protected time for
second attempts, and used talk that positioned pupils as decision-
makers (e.g., asking what they tried and why, rather than only
checking whether they followed instructions). Potentially, we have
to acknowledge that some of this reflection may not have happened
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if the observer was also not present. This resonates with recent
work on classroom error climate, which shows that how errors are
treated (by teachers and peers) shapes whether students experience
mistakes as threatening or as usable learning opportunities [23, 64,
85]. Pupils’ own questions (e.g., “How do I erase it? Am I allowed
to erase it?” ) make visible that experimentation often depends on
explicit signals that revision is acceptable behaviour, especially
under outcome-driven schooling conditions. Other researchers have
noted that teachers’ attitudes towards a subject will influence their
students’ feelings towards and academic performance in that subject
[56, 89]. For instance, the Art Facilitator modelling empathetic
designs of prisons using the tool set the trajectory for the children
to engage with the lesson material differently from their initial
apathetic reactions.

While constructionism focuses on being contextual (“less us, more
them” [86]), the collective agency of the classroom depends on the
teachers also being able to express their own agency. As Ibrahim et
al. [36] noted, having a ‘technology’ lead within a school can be use-
ful; however, collaboration between teachers is often not supported.
Supporting collaboration between teachers or with third-party tech-
nologists could help to ensure disciplinary aims do not fade into
the background. While the hope was to achieve something akin to
the Technological Pedagogical Content Knowledge (TPACK) model
[14], in which content, technological, and pedagogical knowledge
interact and connect, this was not wholly successful. Particularly
with under-resourced schools, taking into account that technology
may need to be taught from zero is necessary for planning lesson
objectives. Instead of immediately combining the technology with
content knowledge, content should be separated a bit more at first
from technology and then combined in a way that allows it to
reinforce learning.

6.2 Deployment Barriers, Opportunities &
Trade-Offs in Under-Resourced Schools

Scheepmaker et al. [82] acknowledge that integration of technolo-
gies is highly dependent on contextual restraints that can vary
beyond those challenges linked to teacher requirements (i.e., a
school’s IT budget, confidence of teachers [19]). As our research
points out, a lack of resources can be complex, particularly when we
are looking at low-resourced schools within high-resourced coun-
tries. As Michaelis and Weintrop [59] noted, the existing structures
and institutions can bias how resources are distributed, making
assumptions that certain pupils would not be able to or would not
gain as much knowledge as others in certain disciplines. Schools
may have partial access or no access to various resources, which
can add to uncertainty with lesson planning and hinder construc-
tionist learning. For instance, the poor IT infrastructure at School A
meant that the internet connection hindered the students’ ability to
scan their own photographs. During initial meetings, the charity re-
alised this may be an issue and mitigated for this by preloading the
devices with images. However, using preloaded scans meant that
the students were unable to engage in active learning necessary for
reinforcing skills [2]. Potentially, as Scheepmaker et al. [82] called
for, for pupils to gain the most from technology in the classroom, it
is important to reach policymakers to create policies like the UK’s
2030 goal to have 5G coverage nationwide [16].

However, as Scheepmaker et al. [82] had suggested, outsourc-
ing technology teaching proved to be an excellent way for under-
resourced schools to increase student exposure to a wider variety
of digital tools while not increasing teacher workloads by requiring
them to keep up with technological advancements beyond what is
necessary for their jobs [43]. ‘Outsourcing’ technology education
was seen as beneficial to staff who lacked technology knowledge.
However, the teachers’ lack of understanding of the digital tools
made it difficult to ensure that there was alignment between the
lesson aims and the affordances of the devices. Conversely, the
charity’s lack of time to spend on content and academic objectives
prevented them from creating a perfect fit. As a result, the students
sometimes struggled with having to retain both lesson aims in
addition to learning how to use a new technology. As Lyu et al.’s
[54] systematic review points out, potentially the mitigation strate-
gies of Ibrahim et al. may only be feasible for technology teachers
who are already integrated into a school (as they can more readily
discuss plans or issues in the corridors or staffroom). Specifically,
our work highlighted how bringing in a third party to facilitate
technology education can further confuse classroom roles, which
can hinder the facilitator’s ability to teach. For example, when the
substitute teacher disengaged from the lesson, their lack of interest
in technology encouraged the children to also devalue the ability
of technology to keep the subject matter interesting. Therefore,
if aiming to rely on networks of people with technical resources
as proposed by Scheepmaker et al. [82], consideration that help
the school infrastructure to expand its ability to outsource some
technology teaching through opening up communication path-
ways (i.e., having more administrative staff involvement or even
student/parent liaisons) could strengthen collaborative effort to
rapidly build up new rules and norms.

7 Conclusion
This paper examined, in situ and under real-world constraints, what
unfolded when creative-subject teaching shifted from outcome-
oriented instruction to process-centred learning supported by off-
the-shelf immersive and non-immersive digital arts practices in two
low-socioeconomic secondary schools. We found that embedding
exploratory digital making into everyday lessons encouraged ex-
ploration and shifted classroom dynamics: pupils learned through
partner talk and peer guidance; negotiated ideas collaboratively;
practised care and repair; and treated tools as possibility spaces
for iteration, risk-taking, and reflective and mean-making—while
also exposing tensions around ephemerality, ownership, and the
perceived “realness” of digital outputs. Limitations include the nat-
uralistic, context-bound design, reliance on observational notes
as the main source of data, and pupil survey data from School A
only. Nonetheless, this paper lays the foundations for a deployable,
process-centred approach in under-resourced schools by articu-
lating the interactional mechanisms and practical dependencies
that sustained exploration in everyday lessons. Future work could
explore the generalisability of our results across subjects and sites,
examine credible approaches to assessing and evaluating process-
focused curricula, and design scaffolds that reduce the inertia and
friction of integrating technology-mediated activities into everyday
classrooms.
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8 Selection and Participation of Pupils
The work presented in this paper was conducted in partnership
with an arts charity organisation and situated in two secondary
schools in coastal England (UK) serving low-socioeconomic com-
munities, with high proportions of pupils with SEND and below-
average reading ages. As an in situ study, we aimed to explore
how digital and immersive technologies shaped learning within
routine classroom practice. The Charity Partner—working with vol-
unteer professional digital artists and subject teachers—delivered
sustained, curriculum-aligned opportunities for pupils to engage
in collaborative, process-based creative work using digital tools.
In these under-resourced settings, the programme provided access
to pupils to such experiences that would be otherwise inaccessi-
ble, unfeasible, while also mobilising local creative expertise and
strengthening school–community links.

The study received approval from the Central Research Ethics
Advisory Group (CREAG) at the University of Kent (Ref. CREAG059-
04-25). The Charity Partner and schools identified appropriate year
groups and curriculum subjects. As such, Year 7 (11–12 years) co-
horts undertaking the arts subject in School A, history in School B,
and one mixed-age SEND class in School B were identified as suit-
able for participation. All students were considered to participate
in this intervention regardless of their abilities and skills. This is
to ensure that the intervention was inclusive for all and all Year 7
students undertaking these subjects had an equal opportunity to
experiment with technologies. The schools’ administrative teams,
supported by the Charity Partner, briefed parents on study aims,
methods, data collection, and duration; parental consent and pupil
assent were collected by the Charity Partner, and pupils/parents
were reminded of their right to withdraw at any time. To minimise
disruption and safeguard participants, all activities and data col-
lection took place during the schools’ normal timetabled classes.
Standard school gatekeeping procedures applied for all adults with
face-to-face access to pupils (including Art Facilitators and the ob-
serving researcher). As Art Facilitators and school teachers led the
delivery of the intervention, the researcher was positioned as a
researcher in classes, rather than directing participation.

We collected classroom observational notes authored during
and immediately after sessions in both schools (later expanded
into fuller narratives) and an end-of-term pupil survey in School A
with open-ended responses (N=176); no survey was administered in
School B due to classroom constraints and prioritisation of teaching
time. Privacy and confidentiality were ensured through anonymised
collection; we deliberately chose not to audio or video-record the
sessions, and the researcher authored the data in an anonymised
manner. The survey was collected anonymously as well. As such,
the research team was not privy to any student-identifiable data.
For analysis, survey responses were analysed to explore pupils’
accounts of tool use and creative processes, affective responses (e.g.,
enjoyment/frustration), perceived affordances and limitations of
virtual versus traditional making, and reflections on developing
artistic identities. Observational notes were analysed to identify
recurring interactional patterns, including how teachers, Art Facili-
tators, and the arts partner introduced and managed technologies;
how pupils appropriated and negotiated tools in practice; and how

collaboration and teacher–pupil relationships evolved within open-
ended, process-based activities.
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