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Abstract

Objective: This umbrella review aimed to integrate the findings on the effects of digital
technology interventions on creativity across childhood and adolescence, with a focus on the
direction, magnitude, and consistency of findings within technology families, developmental
patterns, outcome and measurement specificity, and intervention design and setting. This study
provides an integrated account of which digital technology interventions appear beneficial for
specific creativity outcomes, developmental stages, and implementation conditions.

Method: Scopus, ERIC, and Web of Science were searched from inception to August 2026 without
search filters. Additionally, Google Scholar was searched as a supplementary source. Eligible
reports were systematic reviews or meta-analyses with separable evidence for participants aged
0-18, an active digital component, and an explicit creativity outcome.

Results: 15 reviews, including 10 meta-analyses and five systematic reviews, were included.
Digital interventions generally showed positive effects across technology families, although
heterogeneity prevented a reliable ranking. Developmental patterns were inconsistent, and the
evidence mainly focused on divergent-thinking outcomes. More favorable findings were
generally reported for active and structured technology use; duration patterns differed across
technologies and outcomes, while the only direct setting comparison, reported for educational
robotics, favored classroom implementation.

Discussion: Digital technologies can support creativity in children and adolescents, but their
effectiveness appears to depend on developmental fit, the targeted creativity outcome, and
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implementation conditions rather than the technology alone. These findings can guide the design
of age-appropriate and outcome-specific interventions, while future studies should examine
duration and setting more consistently.

Keywords: Creativity, Child, Adolescent, Digital Technology, Umbrella Review.

1. Introduction

Creativity has been recognized as an essential and valuable skill in the twenty-first century
(Hendriyani et al., 2022; Rawlings et al., 2025; Thornhill-Miller et al., 2023), and its most accepted
definition is the ability to produce ideas or products that are both novel and useful (Harvey &
Berry, 2023; Yeo et al., 2024). The United Nations has also identified creativity as a key skill for
addressing sustainable development challenges (Sio & Lortie-Forgues, 2024). Studies have shown
that creativity is a complex cognitive ability, which depends on higher-order thinking and is
associated with multiple cognitive mechanisms, including cognitive flexibility, inhibitory control,
and working memory (Green et al., 2024; Paz-Baruch & Maor, 2023).

The importance of creativity for children and adolescents is particularly notable. Childhood
and adolescence are developmental periods that, because of the high degree of brain plasticity
during these years, represent an important window for fostering creativity (Larsen & Luna, 2018).
Creativity during childhood and adolescence is associated with a wide range of benefits, including
greater emotional well-being and higher resilience, and predicts creativity in adulthood (Alves-
Oliveira et al., 2022; Li et al., 2025). Moreover, enhancing creativity is now considered essential
for achieving effective and efficient learning (Larraz, 2021). Therefore, educational systems in
countries such as Finland, Australia, Singapore, and Canada emphasize the inclusion of creativity-
related courses in their educational programs (Cramman et al., 2020).

Given these considerations, efforts to design and assess programs capable of enhancing
creativity have received increasing attention in the present century. Unlike in the past, when
creativity was regarded as fixed and innate, it is now commonly understood as neither limited to
intelligence nor an unchangeable construct, but rather as a flexible and modifiable ability
(Benedek et al., 2021) that depends on cognitive development, learning, and practice in an area
of interest (Lilly, 2019).

At the same time, one of the issues of interest in improving creativity is examining the use of
technology and how it can contribute to creativity-enhancement programs. Alongside creativity,
technology has become a vital element in education and learning (Fielding & Murcia, 2022). In
fact, one important method of delivering educational content that has recently received
considerable attention is technology-based instruction. In technology-based instruction, various
digital technologies are used to deliver educational content and facilitate learning (Sitorus et al.,
2025). Today, it is difficult to imagine education and technology separately, and technology-
based instruction is currently considered part of routine educational and learning practices (Gu
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et al., 2024; Mejia et al., 2021).

Digital technology in education can be understood as the use of digital tools or methods to
facilitate content delivery and improve learning (Timotheou et al., 2023). Therefore, a variety of
digital technologies can be used in education, including video-based instruction, computer
games, educational software, web-based platforms, educational robotics, artificial intelligence,
and virtual or augmented reality (Li et al., 2022; Peng et al., 2025; Xiong et al., 2025; Zhang &
Zhu, 2024). These technologies can be used online or offline and across different educational
settings and modes of teaching. Technology-based instruction is therefore broader than
electronic or web-based learning, which represent only some of its possible forms. From a
cognitive perspective, digital interventions are relevant not only as delivery tools but also
because they can structure the activities through which learners generate, explore, revise, and
evaluate ideas. Their effects on creativity may therefore depend not only on the technology itself,
but also on the cognitive demands and pedagogical design of its use (Fielding & Murcia, 2022; Li
etal., 2022).

Although creativity has become a priority for governments, educational institutions, and other
organizations, and has been linked to economic, social, political, scientific, and health-related
development (Eyre et al., 2022; Eyre et al., 2021; Smith et al., 2021), identifying an appropriate
method for improving it within educational systems remains challenging. While there is general
agreement that students need to be creative, the development of creative thinking skills through
formal education still requires greater attention (Karunarathne & Calma, 2024; Larraz, 2021). Few
curricula devote sufficient time and attention to developing these skills, and many educational
systems may also restrict students’ creativity.

Against this background, the increasing popularity of technology-based learning platforms has
further highlighted the importance of examining how educational programs are delivered.
Previous studies and reviews have addressed different aspects of technology-based interventions
for improving creativity, but only a limited number have focused specifically on the tools used to
deliver the intended instruction and exercises (Alves-Oliveira et al., 2022). Moreover, previous
research has emphasized the need to design technology-based instruction for improving
creativity (Aguilar & Pifarre Turmo, 2019), but how these tools can be used effectively remains
unclear (Henriksen et al., 2021; Yalcinalp & Avci, 2019). Therefore, examining how technology
can effectively enhance creativity remains an important area of research (Tang et al., 2022).

However, the question is not limited to whether digital technologies improve creativity.
Existing reviews have generally focused on a particular technology family or examined a broad
range of tools using different age groups, creativity constructs, effect metrics, and analytical
approaches (Li et al., 2022; Peng et al., 2025; Xiong et al., 2025). Their conclusions are therefore
difficult to compare directly, and it remains unclear whether the direction of findings is consistent
across technology families or whether the magnitudes reported within reviews show similar
patterns. Developmental interpretation is also limited because children and adolescents have
sometimes been examined alongside university students, while age-specific findings are often
based on a limited number of studies or reported using different educational-stage categories
(Fielding & Murcia, 2022; Peng et al., 2025; Wang et al., 2024). At the same time, creativity has
been represented through divergent-thinking components, creative performance and products,
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self-reported characteristics, and other outcomes measured with non-equivalent instruments (Li
et al.,, 2022; Peng et al., 2025). Consequently, a positive finding for one outcome cannot
necessarily be generalized to creativity as a whole.

The effectiveness of digital technologies may also depend on more than the technology itself.
The active role assigned to learners, the pedagogical design of the activity, the provision of
feedback and guidance, the duration of the intervention, and the setting in which the technology
is used may all influence the reported outcomes. However, these conditions have not been
examined or reported consistently across reviews. This limitation is particularly important during
childhood and adolescence, when interventions need to correspond with developing cognitive
abilities and the educational environments in which learning occurs.

Accordingly, the present umbrella review was conducted to integrate and compare the
findings of systematic reviews and meta-analyses on the effects of digital technology
interventions on creativity across childhood and adolescence. The review therefore addresses
four research questions:

RQ1. What direction of effects are reported within each digital technology family, and how
consistent are the findings across reviews?

RQ2. What developmental patterns are evident across childhood and adolescence, and do the
reported effects differ according to age or educational stage?

RQ3. Which aspects of creativity have been examined, how have they been measured, and
how do the findings vary according to the outcome and measurement approach used?

RQ4. What evidence is available on the relationships of intervention design, implementation,
duration, and setting with the reported creativity outcomes?

By addressing these questions, this review moves beyond asking whether technology
improves creativity and instead clarifies where the evidence appears more favorable, for whom,
which aspect of creativity, and under what conditions. Its main contribution is to provide an
integrated review-level map of the current evidence and locate the developmental,
measurement, and implementation gaps that should guide future research. The findings may also
help educators and intervention designers select developmentally appropriate technologies and
match digital activities to the intended creativity outcomes, and design programs that use
technology as meaningful support for creative cognition rather than assuming that the presence
of technology alone is sufficient. More broadly, the review can help connect research on digital
learning with research on the development and measurement of creative cognition.

2. Method
2.1. Research objectives and design

This study was conducted as an umbrella review of systematic reviews and meta-analyses to
synthesize outcome-specific evidence on digital technology interventions designed to support
creativity across childhood and adolescence. The review questions, eligibility criteria, extraction
domains, and synthesis rules were specified in an internal working protocol before final data
synthesis. Reporting was informed by PRISMA 2020 and PRISMA-S (Page et al., 2021; Rethlefsen
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et al., 2021). The unit of inclusion was the review, while extraction was restricted to evidence
directly relevant to participants aged 0-18 years, preschool learners, or K-12 students.

2.2. Eligibility criteria

Reports were eligible when they were: (a) systematic reviews, systematic literature reviews,
meta-analyses, umbrella reviews, or another review with explicit systematic search and selection
methods; (b) included children or adolescents aged 0-18 years, preschool or K-12 learners, or
mixed populations with separately extractable findings for these groups; (c) examined a digital
technology as a central and active component of an intervention, instructional design, or
creative-learning environment intended to foster, practice, support, or improve creativity; and
(d) reported or synthesized at least one explicit creativity outcome, including creativity, creative
thinking, divergent or convergent thinking, originality, fluency, flexibility, elaboration, novelty,
usefulness or appropriateness, creative performance, creative products, or creative self-efficacy.
Full-text, peer-reviewed reports published in English were considered, including records indexed
from database inception through August 2026, with no publication-date restrictions.

Primary studies, narrative, scoping, or bibliometric reviews, protocols, editorials, theses, book
chapters, and conference abstracts were excluded. Reviews were also excluded when they
concerned adults or university students without separable evidence for participants younger
than 18 vyears; examined ordinary or excessive screen use without an eligible creativity
intervention; used technology only for assessment or data collection; reported problem solving,
computational thinking, innovation, engagement, or collaboration without an explicit creativity
outcome; or reviewed creativity interventions so broadly that the eligible digital component
could not be separated at the review-synthesis level. These criteria were reapplied during final
full-text checking (for 49 retrieved studies), and only the 15 reviews that directly matched the
prespecified questions and provided sufficiently separable evidence were retained.

2.3. Search strategy

Scopus, ERIC, and the Web of Science Core Collection were searched from database inception
through August 2026, with Google Scholar used as a supplementary source. The search strategies
combined terms relating to children, adolescents, preschool, and K-12 populations; explicit
creativity outcomes; digital technologies and technology-based educational interventions; and
systematic reviews or meta-analyses. Search syntax and field specifications were adapted to each
database's requirements, and the ERIC search was divided into seven complementary queries to
cover the principal technology families. Two targeted searches were conducted in Google Scholar
to identify potentially relevant reviews not retrieved from the bibliographic databases. No date,
language, document-type, or other filters were applied during retrieval; eligibility restrictions
were applied during screening. The complete database-specific search strings and query yields
are provided in Supplementary Table S1.

2.4. Selection of reviews

Retrieved records were imported into Rayyan and duplicate records were removed before
screening. One reviewer screened titles and abstracts and assessed full texts. To reduce
avoidable exclusion error within a single-reviewer process, the prespecified criteria were applied
through a conservative sequence: records were excluded at title and abstract only when
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ineligibility was clear; uncertain records were retained for full-text assessment; each full-text
exclusion was assigned one standardized primary reason; and included and borderline records
were rechecked against the same criteria before the final set was fixed. The database and
supplementary-search pathways were documented separately in the PRISMA flow diagram
(Figure 1).

2.5. Data extraction

A standardized question-led form was used to record bibliographic and methodological
information, in addition to intervention-related information. Information not stated in a review
was recorded as “not reported” rather than inferred. See Table 1 and Table 2 for a detailed
description. Effect estimates were retained in their originally reported metrics and synthesized
narratively, with the included review as the unit of analysis. Reviews were grouped by their
primary technology focus for descriptive presentation.

2.6. Methodological quality assessment

The methodological quality of each included review was assessed using the 11-item JBI Critical
Appraisal Checklist for Systematic Reviews and Research Syntheses (Aromataris et al., 2024). The
checklist assesses the review question, eligibility criteria, search methods, critical appraisal, data-
extraction safeguards, synthesis methods, publication bias, and the adequacy of policy, practice,
and research recommendations. Each item was rated as yes, no, unclear, or not applicable. ltem-
level judgments are presented in Supplementary Table S2.

3. Results
3.1. Study selection

The three database searches identified 1,120 records: 575 from Scopus, 219 from Web of
Science, and 326 from ERIC. After 229 duplicates were removed, 891 records were screened, and
842 were excluded by title and abstract. Full texts were assessed for 49 database records; 34
were excluded because they did not meet the systematic-review criteria (n = 21), had ineligible
or non-separable age groups (n = 6), did not separately synthesize an eligible digital intervention
(n = 6), or lacked an explicit creativity outcome (n = 1). The supplementary Google Scholar
searches identified 164 records. Seven were assessed in full and excluded because they were not
systematic reviews (n = 5), had an ineligible or non-separable age group (n = 1), or lacked an
explicit creativity outcome (n = 1). Therefore, 15 systematic reviews and meta-analyses were
included in the final synthesis (Figure 1).
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Figure 1. PRISMA 2020 flow diagram delineating the study selection process, which

included searches of databases, registers, and other sources.
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The 15 included reports comprised 10 meta-analyses and five systematic reviews published
between 2019 and 2026. The characteristics of the included reviews were organized at two
complementary levels. First, as shown in Table 1, bibliographic and methodological information
was extracted, including publication details, search period, review design, number of included
studies or effect sizes, aggregate sample size where reported, and the scope of child/adolescent

or K-12 evidence.

Table 1. Bibliographic, methodological and population characteristics.

D Review Se.arch Design and size Eligible . child/adolescent
window population
1 Zhang & Zhu (2024; 2011-2021 Meta-analysis; 20 K-12 students

online 2022)

2 Peng et al. (2025) NR

3 Xiong et al. (2025) 2012-2023
Zaremohzzabieh et

4 al. (2024) 2010-2023

5 Sapounidis et al. NR

(2025)

studies; N = 3864

Meta-analysis; 56
studies; N = 9643

Meta-analysis; 19
studies; N = 1595

Meta-analysis; 35
studies; N = 2776

Meta-analysis; 22
studies; N =2192

Preschool through university; K-
12 subgroup estimates reported

Elementary through university; K-
12 subgroups reported

School and college; school
subgroup estimates reported

Kindergarten only
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D Review S(-_jarch Design and size Eligible . child/adolescent
window population
g Yadnap&Ave 005 5015 Systematic review; :ftlclfeiz oe;:;lesg ﬁatﬁff?g
(2019) 37 studies; NR ) / pop
included
7 Bal & Arseven NR Systematic review; ?ef;iasrtudljs I’$|1 hei:]he;;;ry’lg
(2026) 25 studies, NR -oncary, 8 '
university
. Meta-analysis; 50 Kindergarten through university;
L 1. (2022 N
8 luetal. (2022) R studies; N > 7000 K-12 subgroups reported
Meta-analysis; 62 Preschool through university; K-
W t al. (2024 2014-202
9 ang etal. (2024) 0 023 studies; N = 7404 12 subgroup estimates reported
10 Alshehri et al. NR Systematic review; 9 K-12 studies (3 elementary, 6
(2026) 19 studies; N = 1695 secondary); 10 higher education
. Meta-analysis; 32 Middle school and university; 6
11 Chaietal. (2026) NR studies; N = 4099 middle-school effect sizes
. 25 K-12 studies (4 kindergarten,
Meta-analysis; 2 .
12 Linetal (2024)  2002-2022 eta-analysis; 29 15 elementary, 6 high school); 3
studies; N = 4159 . .
higher education; 1 other
Svstematic review: 13 K-12 studies (1 Pre-K, 5
13  Lietal. (2022) 2010-2020 Y . ! elementary, 3 middle, 4 high
32 studies; N = 2418 . .
school); 19 higher education
Fielding & Murcia Systematic review; Young children aged 3-8;
1 2010-202
4 (2022) 010-2020 19 studies; NR intended focus: 4-8
. 40 K-12 effect sizes (4 preschool
Meta-anal ; 29 !
15 Chenetal. (2026) NR eta-ahalysis; 31 elementary, 5 secondary); 5

studies; NR

higher education; 4 mixed

Note. ID = unique identifier assigned to each review; NR = not reported; K-12 = schooling from kindergarten
through Grade 12. When a review included university students, only explicitly reported K-12 subgroup
evidence was used for developmental interpretation.

Second, intervention-related information was extracted, including the digital technology, its
active and pedagogical role, implementation setting or environment, creativity outcomes and
measurement approaches, relevant to children and adolescents (Table 2).

Table 2. Technology, implementation setting, and creativity measurement.

D Digital implementation features Implementation Creativity outcomes
intervention setting and measurement
Active K-=12 school o
construction/programming interventions; Creativity a“‘?'
1 Educational with educational robots; physical setting problem solving;
robotics creativity-specific effect was not creativity reported
separated from problem compared separately.

solving, but age/duration

quantitatively.

Measures varied
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Digital . . Implementation Creativity outcomes
ID . . implementation features .
intervention setting and measurement
moderators combined both across primary
outcomes. studies.
Preschool to
. universit
Al as teacher assistant, . . y
Al-supported . instructional . -
. . learner assistant, or . Creative thinking;
instruction, . . . . settings; K=12 .
. . intelligent virtual experience divergent and
2 including pre- . . . subgroups
. within instruction; active convergent
generative and . reported.
. pedagogical support rather . . outcomes.
generative Al Physical location
than measurement-only use.
was not meta-
analyzed.
. Elementar Overall creativity;
Immersive VR/AR used for ¥ . i
active learning, simulation through Instruments
and creation'glro'ect baseld university, included TTCT,
3 VR and AR . s Proj mainly formal Wallach—Kogan,
learning and teacher . . . -
. . . instruction; TCT-DP, interviews,
instruction were prominent . .
. . physical location and self-report
design categories. . .
was not pooled. questionnaires.
; School and
Interactive college
learnin Broad educational-technolo
. 8 . . . . &Y contexts; school TTCT total and
environments, interventions, including
. . . . subgroup subscales: fluency,
4 digital interactive environments, - S
. . . . extractable. flexibility, originality
instruction/platfor digital instruction/platforms, . . .
. Physical setting and elaboration.
ms, games and robotics. .
. not directly
games/robotics
compared.
Kindergarten/ea
. . Creativity reported
Hands-on educational rly-childhood e arate\I/ ) primar
Real educational robotics activities in educational P ;P ¥
5 . . study measures
robots kindergarten; creativity was contexts;
. . were
one of the 4C outcomes. physical setting
heterogeneous.
not compared.
. Mixed formal
Robotics, . . .
. . . . education Questionnaires/scal
social/collaborativ Robotics, collaborative/web .
e tools, learnin tools, visualization, games contexts; 12 K~ es, observations,
s learning M '8 ’ 12 studies and video/log data and
6 technologies, mobile apps and other . . .
. o . - . 18 university rubrics; broad
visualization, emerging digital technologies . . L
. ) . L studies. Setting creativity/performa
internet, games, used in learning activities. .
. evidence was nce outcomes.
mobile apps -
descriptive.
. . Al-assisted writing and "
Al-assisted writing, : &2 Writing Writing creativit
ChatGPT multimodal generation (e.g., instruction from g \z
ol ChatGPT/LLMs, DALL-E, elementar originality,
7 multimodal/gener . v flexibilit
Poetry Machine) used for school to &

ative platforms,
Poetry Machine

ideation, drafting and
production.

university; nine
K-12 studies.

elaboration/detail,
imagination, idea
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Digital . . Implementation Creativity outcomes
ID . . implementation features .
intervention setting and measurement
Physical setting generation and
not quantified. creative production.
. Divergent and
. . Kindergarten & .
. . Multimedia technology convergent thinking,
Multimedia . . through .
spanning CAl, programming, . . creative problem
technology, . university .
. . VR, games and creative- . solving, fluency,
8 including CAl, . educational i~
. support systems; active flexibility,
programming, VR | . . contexts; L
interaction contrasted with . . originality,
and other tools . . physical setting .
passive watching. elaboration and
not analyzed.
usefulness.
Preschool
Desktop/immersive/distribute through
Desktop, d VR, AR and MR; operational, university Innovative thinking,
9 immersive, observational and social formal practical ability and
distributed VR; AR; learning; inquiry/task/mentor education; personality-related
MR methods and feedback physical location qualities.
designs. not directly
compared.
Formal
education; three
. . elementary and Fluency, flexibility,
. LLMs, visual generative Al and . y L y’ Y
LLMs, visual - six secondary originality,
. specialized Al platforms . <
generative Al, and . . studies plus elaboration,
10 . embedded in creative . s
specialized Al .. . higher problem sensitivity
pedagogy/digital-humanities . . o
platforms o education. and domain-specific
activities. . .
Setting not creativity.
guantitatively
compared.
GenAl used either as a direct Middle school Innovative thinking,
tool or embedded in a and university; practical ability and
11 GenAl-assisted learning application; six middle- personality traits,
learning collaborative and school effects. objective, subjective
independent arrangements Physical setting and mixed
compared. not analyzed. assessment.
Game learning, . .. Mostly K-12 Overall creativity;
. . & Game-based learning, digital y y
including Game- ame-based learning and formal common tools
based learning, & e . g education; included TTCT, but
- gamification; digital content . -
12 digital game-based . physical cognitive and
. and PBL/PjBL-plus- .
learning and . . classroom/labor affective
e collaboration examined as . . .
gamification; some atory location dimensions were
. moderators.
non-digital games not compared. not separated.
Web 2.0, wearable Web 2.0, wearable VR, Pre-K—'16 Originality, fluency,
VR, . . educational flexibilit
ames/simulations games/simulations, settings; 13 K— Y'
B : roduction production software, 12 stugdi’es elaboration,
/P multimedia, web instruction, . . general/content-
software, Physical location

multimedia, web

and visual-thinking tools

not

specific creativity.
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Digital . . Implementation Creativity outcomes
ID . . implementation features .
intervention setting and measurement
instruction, visual- integrated at varying TIM quantitatively
thinking tools levels. compared.
Tangible Process-oriented A—
robotics/coding, . . . . E framework:
. / . & Tangible/virtual coding, Kindergarten, .
virtual coding, . . Agency, being
robotics, smart toys, tablets, early-learning . .
smart toys, computers, games, interactive center, primar curious, Connecting,
14  tablets, np B S P 4 Daring and
whiteboards and 3D printing; school, and - .
computers, games, . . Experimenting;
. . adult/peer scaffolding library contexts o
Interactive supported child agenc could overla limited
whiteboards, 3D PP gency. P person/product/pla
printing ce evidence.
Creativity
Educational robots used as Direct outcomes;
active tools within . cognition-only
. . comparison: .
. programming/robotics and versus mixed
15 Educational robots . classroom, .
guided, problem-based or cognitive +
. . laboratory, and .
mixed strategies; robot role creativity
. . other contexts.
and modeled skills examined. measurement
categories.

Note. ID = unique identifier assigned to each review; K-12 = schooling from kindergarten through Grade 12;
Al = artificial intelligence; VR = virtual reality; AR = augmented reality; CAl = computer-assisted instruction;
GenAl = generative artificial intelligence; MR = mixed reality; TTCT = Torrance Tests of Creative Thinking; LLM

= large language model; TIM = Technology Integration Matrix.

The 15 included reviews were distributed across five primary technology families (Figure 2):
broad educational, multimedia, and emerging technologies (n = 5), Al and generative Al (n = 4),
educational robotics (n = 3), immersive and virtual technologies (n = 2), and game-based learning
(n=1). Review IDs within each family are shown in the figure.
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Figure 2. Distribution of included reviews by primary technology family.

Broad educational, multimedia,
and emerging technologies (

IDs = 4, 6, 8, 13, 14)

Aland generative Al (Ds=2,7,10, 11)
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Immersive and virtual

technologies (IDs =3, 9)

Game-based learning (ID=12)

o
-

2 3

Number of reviews

N
(&)l

Note. IDs correspond to Tables 1 and 2. Families reflect each review’s primary scope. Broad reviews may include more
than one technology type.

3.3. Methodological quality of included reviews

Methodological quality varied across the included reviews (Supplementary Table S2). All 15
reviews had a clear question and appropriate inclusion criteria, while 14 used an appropriate
search strategy and adequate information sources. The main weaknesses in critical appraisal are
that only five reviews used appropriate appraisal criteria, and five clearly reported independent
appraisal by at least two reviewers. Data extraction safeguards were reported in 11 reviews, were
unclear in one, and were not adequately reported in three. Twelve reviews used appropriate
synthesis methods, and 12 assessed or otherwise addressed publication bias. Practice
recommendations were supported by the reported findings, and directions for future research
were appropriate across all reviews.

3.4. Findings by research questions
Findings of this research are presented below according to the four research questions:
RQ1: Direction, magnitude, and consistency across technology families

Across the reviews, positive average effects of digital interventions on creativity were generally
reported. All 10 meta-analyses reported standardized mean differences (SMDs) for the principal
creativity outcomes. Eight explicitly reported Hedges’ g (Chai et al., 2026; Lin et al., 2024; Liu et
al., 2022; Sapounidis et al., 2025; Wang et al., 2024; Xiong et al., 2025; Zaremohzzabieh et al.,
2025; Zhang & Zhu, 2024), whereas two reported the metric as SMD (Chen et al., 2026; Peng et
al., 2025). The five systematic reviews used narrative or thematic synthesis without a common
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pooled estimate (Alshehri et al., 2026; Fielding & Murcia, 2022; Li et al., 2022; Bal & Arseven,
2026; Yalcinalp & Avci, 2019). None of the included reviews reported an odds ratio for the
principal creativity outcomes.

Most overall estimates were moderate, although some were larger. Positive findings were
reported for educational robotics, Al-supported instruction, immersive and virtual technologies,
multimedia, broader educational technology, and game learning (Chai et al., 2026; Chen et al.,
2026; Lin et al., 2024; Liu et al., 2022; Peng et al., 2025; Sapounidis et al., 2025; Wang et al., 2024;
Xiong et al., 2025; Zaremohzzabieh et al., 2025; Zhang & Zhu, 2024).

Additionally, the systematic reviews broadly supported this positive direction but also showed
that benefits depended on how the technology was used and embedded in instruction (Alshehri
et al., 2026; Fielding & Murcia, 2022; Li et al., 2022; Bal & Arseven, 2026; Yalcinalp & Avci, 2019).
Heterogeneity was substantial in several meta-analyses, and the reviews differed in age
coverage, interventions, outcomes, and analytical models. The evidence therefore supports a
generally beneficial role for digital technologies, but not a reliable ranking of technology families.

RQ2: Developmental patterns

Age-related patterns were inconsistent across technology families. Some reviews reported larger
estimates in preschool or kindergarten samples, whereas others found little difference between
educational levels, larger estimates in older groups, or no statistically clear differences between
levels (Chen et al., 2026; Lin et al., 2024; Liu et al., 2022; Peng et al., 2025; Wang et al., 2024;
Xiong et al., 2025; Zhang & Zhu, 2024). Some age-group findings were based on too few studies
to support firm conclusions, and some reviews included university samples. The available
evidence, therefore, indicates developmental sensitivity but does not establish a consistent age
gradient or identify one age group as the most responsive.

RQ3: Outcome specificity and measurement

The evidence was mostly concentrated on divergent thinking and its common components,
particularly originality, fluency, flexibility, and elaboration. Convergent thinking and broader
outcomes related to creative products, performance, or personal characteristics received less
attention (Li et al., 2022; Liu et al., 2022; Peng et al., 2025). Measures also varied across tests,
ratings, task products, and broad innovation categories, limiting direct comparison between
reviews.

The quality and consistency of creativity measurement varied considerably across studies. Li
et al. (2022) noted incomplete reporting of reliability and effect sizes in primary studies, whereas
Fielding and Murcia (2022) showed that young children’s creativity was often represented
through observable creative processes rather than psychometric scores alone. These differences
support outcome-specific interpretation and caution against treating all creativity measures as
interchangeable.

RQ4: Design, implementation, duration, and setting

Across reviews, findings were more favorable when learners actively created, manipulated, or
solved problems with technology rather than mainly observing digital content. The reviews also
reported more favorable results when digital activities involved projects, inquiry, or clearly
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defined tasks and were supported by feedback, scaffolding, collaboration, or teacher guidance
(Chaietal., 2026; Lin et al., 2024; Liu et al., 2022; Wang et al., 2024; Xiong et al., 2025). However,
these elements were examined in only some reviews and were not assessed consistently.

Intervention duration did not show a consistent pattern, and no optimal exposure period
could be identified. In addition, implementation setting was rarely examined directly. Chen et al.
(2026) reported stronger effects for classroom-based robotics than for laboratory and other
settings, but no comparable setting contrast was available for the other technology families.
Classroom integration may therefore be advantageous, possibly through closer curricular
alignment and teacher support, but this mechanism was not directly tested, and a general setting
effect cannot yet be established.

4. Discussion

This umbrella review was conducted to provide an integrated account of how digital technology
interventions may support creativity in children and adolescents. Findings from 15 systematic
reviews and meta-analyses were synthesized to examine effects across technology families,
developmental patterns, creativity outcomes and measures, and the role of intervention design
and setting.

Findings showed that digital technology interventions were generally associated with
improvements in creativity, but no technology family could be identified as the most effective.
For example, Peng et al., 2025, reported a positive moderate effect for Al-supported instruction,
whereas Xiong et al., 2025, reported a larger effect for immersive technologies. However, this
difference should not be interpreted as a direct advantage of immersive technology because the
two reviews differed in their age ranges, interventions, and creativity outcomes. Put differently,
several technology families can support creativity, although the magnitude and consistency of
their effects vary.

Additionally, the way technology was used appeared to be as important as the type of
technology itself. Liu et al. (2022) found more favorable effects for active multimedia use than
for passive viewing, while Chai et al. (2026) reported stronger effects when generative Al was
embedded within a learning application rather than used directly. These similar findings suggest
that technology may be more beneficial when learners actively create, solve problems, receive
support, and remain involved in evaluating and revising their ideas. Nevertheless, because these
features were not examined consistently across the included reviews, they should be considered
recurring patterns rather than confirmed explanations.

The findings did not support a consistent relationship between age and the effectiveness of
digital interventions. Wang et al. (2024) reported the largest estimate among preschool children,
whereas Lin et al. (2024) reported the largest game-based learning estimate among high-school
students. This difference may reflect variations in the technologies, learning activities, creativity
measures, and number of studies included in each subgroup. Therefore, the findings suggest that
developmental appropriateness may be more important than age alone. A technology may be
effective when its tasks, level of complexity, and available support are suited to the
developmental abilities of the learners.
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The effectiveness of digital interventions also depended on how creativity was defined and
measured. Li et al. (2022) showed that the evidence was mainly concentrated on originality,
fluency, flexibility, and elaboration, while also identifying incomplete reporting of measurement
reliability in several studies. Similarly, Peng et al. (2025) included substantially more studies of
divergent than convergent thinking. Moreover, Liu et al. (2022) reported positive effects for
originality and creative products but less certain findings for flexibility and usefulness. By
comparison, Fielding and Murcia (2022) described creativity in young children through
observable processes such as agency, curiosity, connection-making, and experimentation. These
differences reflect the multidimensional nature of creativity and the need for developmentally
appropriate assessment. An improvement in one component should therefore not be interpreted
as an improvement in creativity as a whole.

The evidence concerning intervention duration and setting was limited and did not support a
general rule. Xiong et al. (2025) found that effects varied across duration categories, although
several categories were based on only one or two studies. Chen et al. (2026) reported the largest
robotics estimate for interventions lasting 8-16 weeks, suggesting that duration may matter, but
this pattern was not established across other technology families. Attention to setting was even
more limited. Although several reviews reported whether interventions were conducted in
classrooms, laboratories, homes, or other contexts, settings were generally described rather than
directly compared. Among the 15 included reviews, only Chen et al. (2026) examined setting as
a moderator and reported a larger estimate for classroom-based interventions than for
laboratory and other settings. Fielding and Murcia (2022), for example, discussed early-learning
settings and the support surrounding children’s technology use but did not compare the
effectiveness of different settings. This limited attention may reflect inconsistent reporting of
setting in primary studies and the difficulty of separating the effect of location from instructional
design and intervention duration. Examining setting more directly would be useful because these
conditions may influence learners’ engagement with technology and the extent to which its use
is connected to meaningful educational activities. It could also help determine whether stronger
outcomes result from the technology itself or from the support and learning conditions available
in the surrounding environment.

Overall, developmental fit appeared more important than any single age group, evidence was
clearest for divergent thinking outcomes. Additionally, active, structured, and supported
technology use emerged as the most consistent favorable condition. Duration appeared
technology- and outcome-specific, while the classroom advantage observed for educational
robotics could not yet be generalized across technology families.

4.1. Strengths and limitations

This umbrella review has several strengths and limitations that should be considered. It used a
research-question-led, outcome-specific approach to extract evidence from 15 directly eligible
reviews. No additional eligible reviews were identified through supplementary searches beyond
the selected databases, supporting the comprehensiveness of the search strategy. In addition,
the conservative review process, including the rechecking of borderline records and the use of
standardized exclusion and extraction rules, strengthened consistency across decisions.
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Regarding the limitations, study selection, data extraction, and methodological appraisal were
conducted by one reviewer, which may have increased the possibility of error or subjective
judgment. The restriction to English-language publications may also have reduced the
generalizability of the findings. Moreover, several reviews combined K—12 and university
populations, which limited the interpretation of findings specifically related to children and
adolescents. Some subgroup sample sizes also referred to numbers of effects rather than
independent studies, potentially giving an inflated impression of the amount of available
evidence.

4.2. Future research

Future research should directly test the recurring patterns identified in this review, particularly
the apparent benefits of active, structured, and supported technology use. Studies should use
clearly defined and developmentally appropriate measures and report intervention duration,
setting, learner interaction, teacher support, and collaboration more consistently. Direct
comparisons across age groups and educational settings, together with longer-term follow-up,
would make the evidence more useful for both educational practice and designing more effective
interventions to enhance creativity.

5. Conclusion

This umbrella review synthesized evidence from 15 systematic reviews and meta-analyses identified
through systematic searches of Scopus, ERIC, and Web of Science. The findings indicate that digital
interventions generally supported creativity in children and adolescents, although no technology
family was consistently superior. Findings varied across developmental groups and outcomes, but
were generally more favorable when technology was used actively within structured and supported
learning activities; the evidence base was clearest for divergent-thinking outcomes. Duration
appeared technology- and outcome-specific, while the classroom advantage observed for
educational robotics could not yet be generalized across technology families.

This may help both educators and researchers to select digital interventions based not only
on the technology itself, but also on the creativity outcome, developmental group, and conditions
under which the intervention is implemented.

Data Availability and Supplementary Data

The datasets of this study are available from the author upon reasonable request. Supplementary
Table S1 contains the complete search strategies, and Supplementary Table S2 presents the item-
level JBI methodological appraisal of the included reviews.
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