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Abstract

This systematic mapping review examines how assistive technology and universal design
for learning (UDL) address barriers to participation in inclusive kindergarten-to-grade-12
(K-12) science and science, technology, engineering, and mathematics (STEM) education.
Crossref, OpenAlex, and ERIC were searched in November 2024 and a second search
wave was conducted on 9 June 2026. Two researchers screened records and extracted data
using predefined criteria, resolving disagreements through discussion and, when needed,
third-researcher adjudication. Fifty-eight records published between 2010 and 2026 were
synthesized by accessibility domain, support function, and qualitative theme. The map
included direct K-12 science/STEM evidence alongside explicitly classified adjacent and
transferable evidence relevant to K-12 inclusion. Prominent areas included tactile and
three-dimensional materials, graphic accessibility, and adaptive representations. Smaller
clusters addressed augmentative and alternative communication (AAC), eye-gaze speech-
generating devices, sign-supported media, and accessible assessment. The emerging
artificial intelligence (AI) literature included classroom interaction evidence alongside
conceptual and review contributions. Across this heterogeneous literature, accessible
materials were frequently considered together with teacher scaffolding, communication
opportunities, and institutional support. The mapping therefore indicates that evaluation
should consider learners’ contributions to scientific activity as well as access to content.
The review maps reported practices and evidence gaps; it does not estimate comparative
technology effectiveness.

Keywords: assistive technology; critical practices; inclusive science education; epistemic
participation; science identity; STEM education; universal design for learning; generative
Al accessible assessment; systematic mapping review

1. Introduction

Science education increasingly emphasizes learners’ engagement in modelling, expla-
nation, argumentation, and interpretation of evidence. The Framework for K-12 Science
Education and the Next Generation Science Standards position these practices alongside
disciplinary ideas and cross-cutting concepts (National Research Council, 2012; NGSS Lead
States, 2013). Research on socio-scientific issues and science identity also asks whose con-
tributions are recognized and how learners use science to examine socially consequential
problems (Carlone & Johnson, 2007; Hogstrom et al., 2025; Smith et al., 2022; Zeidler et al.,
2005). Together, these perspectives make participation a central criterion for evaluating
science learning.
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For students with disabilities, participation depends partly on how scientific activity
is organized. Diagrams, symbolic notation, laboratory materials, rapid classroom discus-
sion, and written assessment can create different sensory, communicative, and cognitive
demands. Physical presence in a classroom does not establish that a learner can inspect
evidence, manipulate materials, explain an observation, or influence a group’s reason-
ing. Inclusive science education therefore requires attention to the relationship between
accessibility and opportunities to contribute to these practices.

Assistive technology and accessible instructional design address this relationship
at different levels. Individual tools may support a specific access need (Chimicz, 2020),
whereas universal design for learning (UDL) addresses variation in how learning envi-
ronments are planned. Their relevance to science education lies in whether they connect
access to representations with participation in inquiry. This provides a common focus for
examining otherwise separate studies on accessible materials, communication supports,
disability-inclusive STEM pathways, and school implementation.

The available supports illustrate this range. Text-to-speech and read-aloud tools
address reading access (Wood et al., 2018); tactile graphics, haptic materials, and three-
dimensional (3D) models address spatial representations (Mukhiddinov & Kim, 2021; Rule,
2011; Zebehazy et al., 2022). Augmentative and alternative communication (AAC), eye-gaze
speech-generating devices (SGDs), and discussion-facilitation tools address communication
opportunities (Alzubaidi & Otoom, 2018; Ibrahim et al., 2024; Tegler et al., 2020). UDL
and embedded assistive technology extend the focus to curriculum design, while artificial
intelligence (Al) introduces additional possibilities and questions concerning accessibility
(Izzo, 2012; Kohnke & Zaugg, 2025; Ferndndez-Batanero et al., 2022; Schreffler et al., 2019;
Kasneci et al., 2023). Evidence from these different contexts requires explicit consideration
of its transferability to K-12 science.

The unresolved issue is how these supports relate to scientific participation across
a fragmented evidence base. A tool can make information accessible without giving
its user a consequential role in collaborative reasoning. Implementation research also
identifies mismatches between devices, instructional routines, training, and sustained
support (Edyburn, 2000; Hunt, 2021; Karlsson et al., 2018; Koch, 2017; White & Robertson,
2015; Roberts & Simpson, 2016). A mapping review can make these connections and gaps
visible while distinguishing direct classroom evidence from the adjacent, conceptual, and
implementation literature. This distinction is needed before broad claims about inclusive
science learning can be drawn from heterogeneous technology studies.

This review examines the relationship between accessibility supports and participation
in inclusive K-12 science and STEM education. Epistemic participation denotes oppor-
tunities to observe, model, explain, argue, and interpret evidence. Critical participation
additionally concerns agency, recognition, and opportunities to question interpretations
and the social implications of science. These concepts guide interpretation; they are not
assumed to be outcomes measured in every included record. The review addresses the
following questions:

RQ1. What barriers to learning and participation are described in the literature on
inclusive K-12 science education?

RQ2. Which assistive technologies or accessibility frameworks address these barriers?

RQ3. How do these supports relate to access to scientific representations and partici-
pation in inquiry?

RQ4. What implementation conditions are reported as relevant to inclusive and critical
science learning?
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2. Materials and Methods

This study was conducted as a systematic mapping review with qualitative thematic
synthesis, using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 framework to guide reporting of identification, screening, eligibility, and
inclusion (Page et al., 2021). A mapping design was selected because the literature spans
classroom studies, stakeholder research, conceptual frameworks, technology evaluations,
and earlier reviews. Mapping-oriented reviews characterize heterogeneous evidence rather
than necessarily estimating pooled effects (Grant & Booth, 2009). No meta-analysis was
undertaken. Thematic synthesis principles informed the development of cross-cutting
interpretations (Thomas & Harden, 2008); limitations in the retained process documentation
are reported below.

2.1. Search Strategy

Searches were conducted in two waves. The original search was conducted in Novem-
ber 2024, and a second search wave was conducted on 9 June 2026 to capture the literature
published after the initial search window. Three sources were used in both waves: Crossref
and OpenAlex for broad cross-disciplinary bibliographic coverage across education, dis-
ability studies, science education, STEM education, and technology-enhanced learning, and
ERIC for targeted coverage of K-12 education, special education, and disability-inclusive
pedagogy. Crossref was searched with six bibliographic strings: assistive technology sci-
ence education students disabilities; STEM education students with disabilities assistive
technology; inclusive science education disabilities technology; science classroom students
with disabilities technology; universal design for learning STEM students disabilities; and
tactile graphics science students visual impairments education. OpenAlex was searched
with five related strings: assistive technology science education students disabilities STEM
K-12; inclusive science education students with disabilities technology; tactile graphics sci-
ence students visual impairments; universal design for learning STEM students disabilities;
and AAC science classroom students disabilities participation. ERIC was searched using
four strings: assistive technology K-12 science classroom disability; inclusive STEM educa-
tion students with disabilities technology; universal design for learning science education
disability; and tactile graphics visual impairment science instruction.

The sources were selected for complementary discovery functions: Crossref pro-
vides publisher-deposited bibliographic metadata across disciplines; OpenAlex supports
cross-disciplinary scholarly discovery; and ERIC focuses on the education literature. This
combination connected technical accessibility work with school and pedagogy research. It
was not assumed to provide exhaustive coverage of specialist engineering or computing
publications. Scopus, Web of Science, and IEEE Xplore were not searched; the implications
for retrieval bias are discussed in Section 5.

The conceptual literature on critical science education, socio-scientific issues, science
identity, disability justice, Al equity, assessment accessibility, and review methodology in-
formed framing and interpretation. Background sources were not included in the evidence
map unless they met all eligibility criteria, including the 2010 publication-date threshold.
During revision, Edyburn (2000) was identified as an incorrectly listed background source
in Supplementary Materials S2 and removed from the included set. It remains cited and
retained in the reference list as a background source, but it is not part of the included
58-record evidence corpus. This correction reduced the original-wave inclusion count from
30 to 29 and the final corpus from 59 to 58; the search criteria and all other record decisions
were unchanged.

The search window extended from 2010 to 9 June 2026, capturing contemporary acces-
sibility, UDL, AAC, and the inclusive STEM literature. The update covered 1 November
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2024 to 9 June 2026, with the overlapping late-2024 period checked against the original ma-
trix. Because complete cross-wave record-level reconciliation was not retained, the number
of cross-wave duplicates cannot be retrospectively reconstructed; the update was checked
against the original matrix to avoid double counting. Searches used English-language
terms and the review prioritized English-language records. Adjacent STEM and disability
studies were retained only when they offered explicit relevance to K-12 science/STEM,
accessible representation, inquiry participation, teacher preparation, or assessment. Sup-
plementary Materials S1 provides search strings, dates, counts, exclusion documentation,
and a screening-process statement. It does not provide a complete independent-decision or
Al-assistance log.

2.2. Eligibility Criteria

Eligibility criteria were organized using an adapted population, intervention, com-
parator, outcomes, and study-design (PICOS) framework. For this heterogeneous map-
ping review, educational context replaced a required comparator because no single inter-
vention contrast was estimated. Table 1 summarizes the inclusion and exclusion logic.
Records had to fall within the 2010-2026 search window; earlier sources could be cited only
as background.

Table 1. Adapted PICOS inclusion and exclusion criteria.

Parameter Inclusion Criteria Exclusion Criteria
K-12 students with disabilities or special Higher education only without clear
. educational needs, including visual, learning, K-12 transferability; clinical or
Population

motor, intellectual, or rehabilitation populations outside

communication-related disabilities.

school learning.

Intervention/Framework

Assistive technologies, tactile graphics, AAC,
UDL, digital accessibility tools, accessible
materials, or disability-oriented
science/STEM supports.

General educational technology
without a specific accessibility,
disability, or participation focus.

Science/STEM education, K-12 schooling, or

Non-academic, clinical, or

Context transferable school-based assistive-technology =~ technology-only contexts without
implementation. educational relevance.
Evidence or conceptual insight on barriers, Records without a learning,
Outcomes representation access, inquiry participation, participation, accessibility, or
STEM pathways, or critical inclusive practice. inclusion-barrier focus.
Empirical studies, conceptual frameworks, Duplicates, non-academic records,
. reviews, stakeholder studies, insufficient metadata, or studies
Study design

materials-development studies, and

outside the

implementation reports. topic/population/technology focus.

2.3. Study Selection and Data Extraction

The original search identified 72 Crossref, 60 OpenAlex, and 34 ERIC records. After
removal of 34 duplicates, 132 records underwent title/abstract screening; 92 were excluded
and 40 proceeded to eligibility assessment. The corrected original-wave total was 29
included records and 11 exclusions: the 10 exclusions reported initially plus the out-of-
range background record identified during revision. The June 2026 update identified
1045 records (444 Crossref, 504 OpenAlex, and 97 ERIC). Removal of 195 within-update
duplicates left 850 records; 785 were excluded at title/abstract screening, 65 proceeded to
eligibility assessment, 36 were excluded, and 29 were added. The final corpus comprised
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58 records. Figure 1 presents both search waves within this single review and identifies the
date-eligibility correction.

Selection within one review: original search and update

November 2024 9 June 2026 update

Crossref 72; OpenAlex 60; ERIC 34

Crossref 444; OpenAlex 504; ERIC 97

Records identified: 166 Records identified: 1045

v v

Duplicates removed: 34
Records screened: 132

Duplicates removed: 195
Records screened: 850

v v

Records assessed for eligibility: 40

Records assessed for eligibility: 65

v v

Title/abstract exclusions: 92 } [ Title/abstract exclusions: 785

Eligibility exclusions: 11
Records included: 29

Eligibility exclusions: 36
Records included: 29

Final included corpus: 58 records
29 original + 29 update

Original-wave exclusions: 10 previously reported + 1 date correction.
Edyburn (2000) remains background only and was removed from S2.

Figure 1. Corrected selection flow for two search waves within this review. The original-wave
eligibility exclusions comprise the 10 initially reported exclusions plus Edyburn (2000), a background
source incorrectly entered in the extraction matrix and removed during revision. Original-wave
inclusion is 29, update inclusion is 29, and final inclusion is 58.

Two researchers independently screened titles/abstracts and full texts against the
predefined eligibility criteria. Disagreements were resolved through discussion, with
assistance from a third researcher when required. Two researchers also independently
extracted data using the structured matrix and cross-checked their entries. The update
was checked against the original matrix to avoid double-counting. However, complete
record-by-record independent judgments were not retained for every screening stage,
and no Cohen’s kappa or other agreement coefficient was calculated and saved during
the review. A defensible retrospective agreement statistic therefore cannot be supplied.
Consensus resolution is not treated as measured inter-rater agreement. Predefined criteria,
independent review, cross-checking, and adjudication supported procedural consistency,
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but the incomplete decision trail limits auditability and prevents quantitative assessment
of screening reliability.

2.4. Evidence Characterization and Transferability Classification

Due to the methodological heterogeneity of the included literature, applying a sin-
gle numerical risk-of-bias instrument designed for randomized controlled trials would
have been inappropriate. The purpose of this stage was therefore not to assign a for-
mal methodological quality score to every record, but to characterize the proximity and
transferability of the evidence to inclusive K-12 science/STEM education. Methodological
considerations were informed by principles from the Mixed Methods Appraisal Tool, which
supports consideration of qualitative, quantitative, mixed-methods, and non-randomized
evidence (Hong et al., 2018), but no numerical MMAT scores were calculated. The synthesis
used an explicit evidence-role classification approach, designating each record as direct
K-12 science/STEM education evidence, adjacent STEM disability evidence, transferable
assistive-technology implementation evidence, conceptual or review evidence, or emerging
Al/assessment evidence. These categories indicate evidence role and transferability rather
than a common quality metric across heterogeneous designs. Secondary reviews were
treated as field-level evidence and were not interpreted as independent replication of the
primary studies they summarized. This approach made the strength and transferability
of each claim visible without overstating methodological comparability across diverse
study designs.

2.5. Representative Mapping and Synthesis

For this revision, the cell assignments were audited against Supplementary Materials
52 rather than retrospectively presented as exhaustive coding. The unit in Table 2 and
Figure 2 is a bibliographic record within an explicitly assigned cell. Fifty-three of the 58
included records have assignments, whereas five are marked in Supplementary Materials
52 as not explicitly assigned. The revised display retains these assignments. Panel A groups
accessibility domains: visual/spatial representation, hearing/scientific-language access,
reading/cognitive/learning access, and expressive communication. Panel B separately
groups cross-cutting implementation and pathway relevance. Thus, an accessibility-domain
assignment indicates an analytic relevance judgement in this review, not necessarily a dis-
ability diagnosis of study participants. For example, augmented reality (AR)-supported
representation can be relevant to visual/spatial access even when participants have intel-
lectual disabilities.
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Table 2. Representative records by accessibility domain or cross-cutting implementation context and
support category.

a. Accessible text and read-aloud supports.

Accessibility domain/cross-cutting context Text-to-speech/accessible text
Reading/cognitive/learning access Wood et al. (2018)
Context: cross-cutting implementation and pathways Wood et al. (2018)

b. Communication and discussion supports.

Accessibility domain/cross-cutting context AAC, SGD, or discussion support

Alzubaidi and Otoom (2018); Suparmi et al. (2024);
Adeduyigbe et al. (2024); Muzaini et al. (2025)

Hearing/scientific-language access

Andzik et al. (2016); Tegler et al. (2020); Ibrahim et al. (2024);

Expressive communication/AAC access Cunningham and Zhang (2024)

Context: cross-cutting implementation and pathways Andzik et al. (2016); Tegler et al. (2020)

https://doi.org/10.3390/educscil6091551


https://doi.org/10.3390/educsci16091551

Educ. Sci. 2026, 16, 1551 8 of 21

Table 2. Cont.

c. Tactile, 3D, augmented-reality, and adaptive materials.

Accessibility domain/ cross-cutting context Tactile, 3D, AR, or adaptive science/STEM materials

Rule (2011); Rule et al. (2011); Koehler and Wild (2019);
Nashleanas (2021); Rosenblum and Herzberg (2015);
Zebehazy et al. (2022); Cardenas Castaneda et al. (2025);
Rosenblum et al. (2025); Gulboy and Denizli-Gulboy (2025)

Visual/spatial representation access

Hearing/scientific-language access Muzaini et al. (2025)
Reading/cognitive/learning access Gulboy and Denizli-Gulboy (2025); Aghasafari et al. (2025)
Context: cross-cutting implementation and pathways Carabajal et al. (2017); Klingenberg et al. (2019)

d. UDL, STEM pathways, and identity.

Accessibility domain/ cross-cutting context UDL, STEM pathways, and identity
Visual/spatial representation access Supalo (2015); McBride et al. (2025); Filiz and Albay (2025)
Hearing/scientific-language access Suprihatiningrum et al. (2025)

Hwang et al. (2024); AlRawi and AlKahtani (2022); Izzo

Reading/cognitive/learning access (2012); Schreffler et al. (2019)

Hwang and Taylor (2016); Izzo and Bauer (2015); Schreffler
et al. (2019); Locke et al. (2025); Yamamoto (2026); Alvarez

Context: cross-cutting implementation and pathways Ariza and Hernandez Hernandez (2025);

Chrin and Nardo (2025)
e. Digital/ Al tools, assessment, and implementation.
Accessibility domain/ cross-cutting context Digital/Al tools, assessment, and implementation ecology
Mukhiddinov and Kim (2021); Ali et al. (2024, 2025);
Visual/spatial representation access Adelakun et al. (2025); Awini (2026);
Mbowe and Anselimus (2026)
Hearing/scientific-language access Muzaini et al. (2025); Suparmi et al. (2024)
Reading/cognitive/learning access Tang et al. (2026); Clark et al. (2025)
Expressive communication/AAC access Tang et al. (2026); Sakowicz and Hamidi (2025)

Koch (2017); White and Robertson (2015); Karlsson et al.
(2018); Fernandez-Batanero et al. (2022); Kohnke and Zaugg
(2025); Pieriboni et al. (2026); Murillo-Jiménez et al. (2025);
Wilson et al. (2026); Gilleran Stephens et al. (2025)

Context: cross-cutting implementation and pathways

Note. The tables retain explicit assignments from Supplementary Materials S2: 53 of the 58 included
records have assignments; five do not. Domain rows concern accessibility or pedagogical relevance
and do not necessarily identify participants’ diagnoses. The separately labelled cross-cutting context
concerns transferability to implementation and pathways, not an additional learner population.
Records may occur in more than one domain and support category but are counted once within
each cell. For example, Wood et al. (2018) informs reading access and cross-cutting application of
read-aloud support; these entries do not represent independent studies. Unpopulated combinations
are omitted here and shown as 0 in Figure 2; 0 means no explicit assignment in the representative
display, not absence of research or evidence of ineffectiveness. SGD = speech-generating device;
AR = augmented reality.
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Visual / spatial
representation access

Hearing / scientific-
language access

Reading / cognitive /
learning access

Expressive communication
/ AAC access

Implementation and
pathway relevance

A. Accessibility domains

Accessible Communication Tactile / 3D / UDL / pathways Digital / Al /
text / discussion AR materials / identity implementation

0 0 3

0 4 1 1 2
1 0 2 4 2
0 4 0 0 2

B. Cross-cutting context (separate analytical level)

1 2 2

53 of 58 records explicitly assigned; multiple cells permitted.
0 = no representative assignment; darker shading = more assignments.

Figure 2. Counts of explicitly assigned representative records. Panel (A) shows accessibility domains;
Panel (B) separately shows cross-cutting implementation/pathway relevance. Of the 58 included
records, 53 have explicit assignments and five do not. Multiple assignment is permitted; counts must
not be summed as independent studies. Zero indicates no assigned representative record. Table 2
and Supplementary Materials S2 provide the corresponding citations and cell assignments.

Support categories follow the documented technology or framework focus: acces-
sible text; communication/discussion support; tactile, 3D, AR, or adaptive materials;
UDL/pathways/identity; and digital tools, assessment, or implementation. A record
contributes once per explicitly coded cell. Multiple cells are retained only where the sup-
plied reconciliation sheet lists those assignments; no cross-product of all tags is inferred.
Contextual assignments concern transferability and must not be interpreted as additional
participants, interventions, or replications. These broad review categories are descrip-
tive and are not a validated classification instrument. Coding and interpretation were
undertaken by the researchers, not delegated to AL The available record does not establish
quantitative classification reliability.

The representative matrix and figure were generated programmatically from the
reconciliation values in Supplementary Materials S2 rather than estimated from image
shading. Numeric labels reproduce its per-cell record counts, with darker blue indicating
more assignments. Zero denotes no representative assignment, not absence of the relevant
literature. The qualitative synthesis groups extracted barriers, support functions, and
implementation conditions into five themes. Results summarize reported observations and
evidence types; the Discussion considers their implications for scientific participation. The
interpretive synthesis and Figure 3 are explicitly identified as interpretive synthesis rather
than empirical causal models.
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From accessibility supports to participation

ACCESSIBILITY SUPPORTS
Accessible text, tactile / 3D materials, AAC, sign-supported media
UDL, digital tools, and accessible assessment

v

PEDAGOGICAL MEDIATION
Representation instruction, response time, and inquiry roles
Teacher scaffolding and peer interaction

.

PARTICIPATION TO EVALUATE
Observing, explaining, modeling, and interpreting evidence
Agency, recognition, and continuity of STEM opportunities

Institutional conditions across all levels:
training, resources, maintenance, learner input, and governance

Interpretive relationships; not tested causal pathways.

Figure 3. Interpretive framework linking accessibility supports, pedagogical mediation, participation,
and institutional conditions. Arrows express proposed relationships in the synthesis, not tested
causal pathways or effect sizes.

2.6. Al and Automated Tools

During the original study, ChatGPT (GPT 4.0) (OpenAl) assisted with generating
candidate search keywords, flagging possible duplicate records, language editing, and
table organization. Candidate keywords and duplicate suggestions were checked by the
researchers. Al did not make final inclusion or exclusion decisions, independently extract
or judge study data, appraise evidence, assign codes, or synthesize results. Researchers
made the substantive decisions, cross-checked data, and interpreted the findings. Complete
Al-assistance logs were not retained, and exact model/version information is not available
in the documentation supplied for this revision. These omissions limit the reproducibility
of the auxiliary workflow.

During the present revision, OpenAl Codex (0.155.1) assisted with manuscript restruc-
turing and editing, reviewer-response drafting, technical consistency checks across the
supplied supplementary files, and writing code for figure rendering and document prepa-
ration. This assistance was broader than language polishing and is disclosed separately
from the original study. The revised plots use the documented reconciliation values; no
Al-generated cell assignments were used. Authors retain responsibility for verifying the
content and approving the final manuscript; automated preparation does not validate the
original evidence.
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3. Results

The corrected corpus comprises 58 records published between 2010 and 2026, in-
cluding classroom studies, the adjacent STEM literature, implementation research, and
conceptual or review contributions. Table 2 presents representative cross-domain assign-
ments, and Figure 2 visualizes those same assignments. Fifty-three records have explicit
cell assignments and five do not; the matrix is therefore a representative display rather than
a complete frequency distribution of the included literature. Cell counts describe records,
including secondary and conceptual sources, rather than independent interventions or
effect estimates.

Within the representative display, visual/spatial representation access has nine assign-
ments to tactile, 3D, augmented-reality (AR), or adaptive materials. Hearing/scientific-
language access has four assignments to communication and discussion supports. Ex-
pressive communication has four assignments to that support category. The separate
cross-cutting context has nine assignments to digital tools, assessment, or implementation
and seven to UDL, pathways, or identity. These counts summarize the displayed coding
only; they cannot establish relative prevalence across the complete field or the effectiveness
of a support for a particular learner population.

The June 2026 update added school-level studies concerning interdisciplinary STEM
lessons, tactile inquiry activities, AR-supported science concepts, and generative Al (GenAl)
scaffolding. Their reported designs and findings are summarized by theme below. They
are considered separately because the populations, activities, designs, and outcomes differ.

3.1. Access to Scientific Representations

The first theme concerned access to scientific representations. Science classrooms rely
heavily on diagrams, graphs, maps, models, tables, procedures, symbolic notation, and
written explanations. Rule (2011) demonstrates the representational problem concretely
through tactile Earth and space science materials for contours, craters, asteroids, and
Mars features; the scientific concepts were not diluted, but rebuilt in tactile-spatial form.
The updated evidence confirms that this representational problem extends beyond early
tactile graphics. Suparmi et al. (2024), for example, identified 506 Grade IV science terms
in elementary materials, including 338 words and 168 phrases, showing how hearing-
impaired students can be excluded when science vocabulary has no stable sign-language
pathway. Rosenblum et al. (2025) documented 12 Braille readers aged 11-16 participating in
a virtual hands-on rocket investigation with a 3D model, tactile graphics, experimentation,
and data presentations. Gulboy and Denizli-Gulboy (2025) added small-n intervention
evidence that three secondary students with intellectual disabilities acquired, maintained
after five weeks, and generalized science concepts taught through augmented reality.

Other records examined the use of accessible representations. Nashleanas (2021) con-
sidered teachers” questions about graphing instruction for students with visual impairments.
Zebehazy et al. (2022) analyzed think-aloud accounts of graphic interpretation, including
strategy selection and monitoring. Ali et al. (2024, 2025) addressed interactive access to
mathematical expressions and missing-digit arithmetic using audio guidance, validation,
and stepwise support. Adelakun et al. (2025) described equation-conversion software.
These contributions address related representation problems, although mathematics-access
findings remain adjacent evidence for science instruction.

3.2. Communication and Inquiry Participation

The second theme concerned communication opportunities relevant to inquiry. Andzik
et al. (2016) examined AAC users’ communication opportunities in elementary classrooms.
Tegler et al. (2020) analyzed response spaces in multiparty classroom interaction involv-
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ing eye-gaze SGDs, and Ibrahim et al. (2024) examined the establishment of common
ground between AAC users and teaching staff. These records concern classroom com-
munication and are not all science-specific interventions. Tang et al. (2026) provided a
directly relevant inclusive-science example: video-based interaction analysis identified
educator scaffolding of ChatGPT use across instructional, literacy, emotional-behavioural,
and technological domains.

Hearing-access records included discussion-facilitation technology (Alzubaidi &
Otoom, 2018) and elementary science-related multimedia (Muzaini et al., 2025). The latter
described sign-supported videos, visual simulations, and gamified applications. Together
with the AAC literature, these records document communication channels and classroom
organization; they do not provide a common measure of sustained inquiry participation.

3.3. STEM Pathways and Science Identity

The third theme concerned inclusive STEM pathways and science identity. STEM
education is not a single classroom event but a pathway of experiences that shapes interest,
identity, achievement, course-taking, and future opportunity. Hwang et al. (2024) pro-
vide unusually concrete school-level evidence: in a 40-week field test of interdisciplinary
STEM lessons, nine students with learning disabilities made significant gains in science
vocabulary and contextualized problem solving and maintained those gains two and four
weeks after the intervention. Locke et al. (2025) extend the pathway argument through
a systematic review of 16 K-12 STEM role-model studies for students with disabilities,
emphasizing representation and classroom recommendations. Yamamoto (2026) further
shifts the discussion toward secondary students” attitudes toward STEM, while McBride
et al. (2025) show how the mathematics experiences of 159 high-school students with visual
impairments, as reported by 83 teachers, remain consequential for later STEM participation.

UDL contributions included reviews and programme accounts involving representa-
tion, action/expression, and engagement (AlRawi & AlKahtani, 2022; Izzo, 2012; 1zzo &
Bauer, 2015; Schreffler et al., 2019). Wilson et al. (2026) analyzed publicly available middle-
school STEM lessons and reported relatively limited representation provisions. Gilleran
Stephens et al. (2025) described a six-step UDL redesign of an environmental education
Science Festival event. These records differ in setting and evidence type; descriptions of
design principles are distinguished from measured learner outcomes.

3.4. Implementation Conditions

The fourth theme concerned implementation ecology. Koch (2017) gives this theme its
clearest practical vocabulary through the argument that assistive technology should ‘stay
in the box’ of ordinary curriculum work rather than sit outside the lesson as a separate
accommodation. The June 2026 update adds more direct evidence that implementation
problems are often curricular and institutional. Suprihatiningrum et al. (2025) studied
25 science teachers across 16 inclusive schools and found that lesson planning was often
identical for students with disabilities and their peers, even when visual scaffolds, au-
dio/tactile resources, or structured routines were needed. Awini (2026) documented 21
Ghanaian teachers of STEM-related subjects in inclusive basic schools and found reliance
on basic braille-related resources while low-vision devices, digital tools, and specialized
STEM assistive technologies remained limited. Mbowe and Anselimus (2026) traced the
problem further upstream in science teacher education, identifying the absence of a visual-
impairment-specific curriculum, shortages of specialized tutors, scarce materials, and
limited practicum preparation.

At the broader implementation level, Murillo-Jiménez et al. (2025) synthesized nine
primary studies and identified training, digital competence, infrastructure, economic con-
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straints, policy enforcement, and attitudes as reported barriers. Timotheou et al. (2023) re-
viewed digital transformation and school capacity. These broader records supply implemen-
tation context rather than direct estimates of assistive-technology effects in K-12 science.

3.5. Emerging Al and Accessible Assessment

The fifth theme comprised emerging digital tools and accessible assessment. Kohnke
and Zaugg (2025) considered Al and UDL in STEM,; Clark et al. (2025) discussed accessibil-
ity and construct-irrelevant variance in Al-supported science and mathematics assessment;
Sakowicz and Hamidi (2025) considered GenAl-assisted material design. These are dis-
tinguished from Tang et al. (2026), which examined educator scaffolding in an inclusive
science classroom. The evidence set includes proposed uses and reported classroom prac-
tices, without comparable outcome measures sufficient to infer a general Al effect.

3.6. Theme-Level Summary of Included Evidence

Table 3 summarizes the five thematic areas and distinguishes their evidence focus
from the review’s interpretive implications. Full record-level extraction is supplied in
Supplementary Materials S2.

Table 3. Mapping summary of included evidence by thematic focus.

Thematic Focus

Evidence Focus

Representative Records

Synthesis Implication

Access to scientific
representations

Tactile graphics, 3D models, AR,
accessible equations,
text-to-speech, sign-language
terminology, and multimodal
science materials.

Rule (2011); Rule et al. (2011);
Suparmi et al. (2024);
Rosenblum et al. (2025); Gulboy
and Denizli-Gulboy (2025); Ali
et al. (2024, 2025); Adelakun
et al. (2025)

Accessibility depends on how
representations are redesigned,
taught, and used in
scientific reasoning.

Participation in
scientific inquiry

AAC, eye-gaze SGDs, discussion
tools, sign-supported digital
media, and GenAl scaffolding for
classroom interaction.

Andzik et al. (2016); Tegler et al.

(2020); Ibrahim et al. (2024);
Tang et al. (2026);
Muzaini et al. (2025)

Communication tools must be
embedded in turn-taking, wait time,
inquiry roles, and
teacher scaffolding.

Inclusive STEM
pathways and
science identity

UDL, STEM identity, role models,
interdisciplinary STEM, teacher
reports, and secondary STEM
pathway evidence.

Hwang and Taylor (2016);
Supalo (2015); Hwang et al.
(2024); Locke et al. (2025);

Yamamoto (2026); McBride et al.

(2025); Chrin and Nardo (2025)

Access becomes transformative
when it supports recognition,
belonging, competence, and
continued STEM opportunity.

Sustainable
implementation
ecologies

Teacher preparation, curriculum
redesign, procurement, resource
availability, professional learning,
and school-level coordination.

Koch (2017); White and
Robertson (2015);
Suprihatiningrum et al. (2025);
Awini (2026); Mbowe and
Anselimus (2026);
Murillo-Jiménez et al. (2025);
Wilson et al. (2026)

Technology succeeds when
embedded in institutional routines,
teacher capacity, and accessible
curriculum design.

Emerging Al,
assessment, and
critical governance

Generative Al, Al-supported
assessment, adaptive platforms,
information-and-communication-
technology-enhanced STEM tools,
and accessibility risks.

Kohnke and Zaugg (2025);
Clark et al. (2025); Sakowicz
and Hamidi (2025); Tang et al.
(2026); Pieriboni et al. (2026)

Emerging technologies should be
evaluated by agency, transparency,
accessibility, privacy, and
construct-relevant participation.

3.7. Cross-Theme Synthesis

The interpretive synthesis and Figure 3 organize the cross-theme interpretation into

accessibility supports, pedagogical mediation, participation, and institutional conditions.

The connections are propositions generated by the synthesis, not relationships tested across

a common dataset Table 4.

https:/ /doi.org/10.3390/educscil6091551


https://doi.org/10.3390/educsci16091551

Educ. Sci. 2026, 16, 1551

14 of 21

Table 4. Interpretive cross-theme synthesis of supports, barriers, and proposed implementation conditions.

Theme

Representative Supports

Barrier Reduced

Condition for Impact

Access to scientific
representations

Text-to-speech, tactile
graphics, adaptive materials,
3D models, AR, accessible
equations, sign-language
terminology

Science text, diagrams,
spatial models, graphs,
symbolic notation,
laboratory procedures

Materials must be paired with
explicit representation
instruction.

Participation in
scientific inquiry

AAC, eye-gaze SGDs,
discussion tools,
sign-supported video, GenAl
dialogue scaffolds

Questioning, explanation,
argumentation,
collaboration, reporting

Teachers and peers must
create response space and
consequential inquiry roles.

Inclusive STEM
pathways and
science identity

UDL, role models,
interdisciplinary STEM
supports, disability-inclusive
STEM frameworks

Low expectations, weak
belonging, discontinuous
STEM opportunity

Supports must connect
classroom access with
recognition, confidence, and
trajectory.

Sustainable
implementation
ecology

Teacher preparation,
co-learning, resource planning,
procurement, collaboration
time, maintenance

Device abandonment,
fragmented service delivery,
inaccessible curriculum

Schools must fund training,
materials, technical support,
and student consultation.

Al, assessment,
and governance

Generative Al, adaptive tools,
Al-supported assessment,
accessible ICT platforms

New accessibility barriers,
algorithmic bias, opaque
scoring, uneven access

Adoption must include
accessibility testing, privacy
protection, teacher mediation,

and critical Al literacy.

4. Discussion
4.1. From Content Access to Epistemic Participation

The synthesis generates several implications for the transformation of science educa-
tion from foundational access toward critical participation. Rule (2011) critically demon-
strated that geological contour charts, crater forms, asteroids, and Martian surface features
can be reconstructed as tactile science materials rather than merely described as inaccessible
visual content. The update extends that insight across media: Suparmi et al. (2024) show
that science terminology itself can become inaccessible for deaf learners; Rosenblum et al.
(2025) show how Braille readers can participate in rocket-based inquiry when 3D and
tactile materials are built into the event; and Tang et al. (2026) show that GenAl access
depends on educator scaffolding in the moment of classroom interaction. The implication is
straightforward: the question of whether a student has a tool is less consequential than the
question of whether that tool is embedded in a science task that makes its use meaningful.

A related finding concerns the representational character of science exclusion. The bar-
riers documented in this literature are not primarily physical barriers such as locked doors
or inaccessible buildings—but epistemic: students encounter science encoded through
printed text, standard-resolution visual diagrams, symbolic equations, rapid oral exchange,
vision-dependent laboratory materials, and written-only assessment. Their sensory, motor,
linguistic, or communicative repertoires may then be treated as mismatches to science itself,
when the mismatch is actually with the representational design of instruction. A technology
becomes educationally powerful when it opens access to the same conceptual terrain and
participatory practice. This conclusion resonates with recent work on culturally responsive
and sustaining science pedagogies, which treats access to science as a matter of recognition,
representation, and justice rather than content delivery alone (Smith et al., 2022).
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4.2. Assistive Technology as a Critical Practice

The review also emphasizes participation. Much of inclusion discourse focuses on
access, but science learning requires doing: asking questions, making observations, ma-
nipulating materials, comparing evidence, negotiating explanations, and communicating
claims. Andzik et al. (2016) make this concrete by showing that AAC users’ communication
opportunities in elementary classrooms must be deliberately organized. Tegler et al. (2020)
show how eye-gaze speech-generating devices require interactional response spaces in
multiparty talk, and Ibrahim et al. (2024) trace how common ground is built between
children using AAC and teaching staff. Tang et al. (2026) update this interactional argu-
ment for GenAl: students with disabilities did not merely need access to ChatGPT; they
needed educator support for reading, interpreting, regulating, and responding to Al output
within an inclusive science activity. These studies make AAC, eye-gaze devices, captioning,
sign-supported media, and Al dialogue supports central to inquiry design rather than
peripheral accommodations.

The contrast between content access and practice access helps interpret these findings.
Decoding a graph or laboratory instruction is an access outcome; using it to make a
prediction, compare evidence, or contribute an explanation is a participation outcome.
Neither establishes a change in science identity or critical agency. This distinction prevents
a short-term gain in representation access from being treated as proof of broader inclusion.
Communication studies suggest a plausible role for response time and assigned inquiry
roles, but their application to science tasks requires direct testing where the original setting
was not science-specific.

4.3. Educational and Policy Implications

For teachers, the evidence does not imply an obligation to become specialists in every
assistive device. It points instead to sustained engagement with accessibility as a dimension
of critical instructional design. The gap between having an inclusive policy and running an
inclusive science lesson is bridged through task design, including decisions about which
representations will be available, in what sequence, with what instructional scaffolding, and
whose contributions will shape the inquiry. The update makes teacher preparation more
visible. Suprihatiningrum et al. (2025) show that inclusive science planning can remain
formally equal while substantively inaccessible; Mbowe and Anselimus (2026) show that
pre-service science teachers may lack visual-impairment-specific curriculum, materials, and
practicum support before entering classrooms; Wilson et al. (2026) show that middle-school
STEM lessons shared publicly may underuse UDL representation. Professional learning
should therefore include accessible laboratory design, multimodal representation choices,
tactile and digital graphics, sign-supported media, AAC partner strategies, and critical
Al/assessment literacy.

For school leaders and policymakers, the findings suggest that technology procure-
ment is only one part of inclusion. Devices without training, maintenance, accessible
materials, collaboration time, and assessment redesign are unlikely to transform learning.
Awini (2026) shows that basic resources may exist while specialized STEM AT and digital
tools remain scarce; Murillo-Jiménez et al. (2025) show that infrastructure, funding, policy
enforcement, teacher competence, and attitudes repeatedly constrain technology implemen-
tation. Funding models should consider total implementation costs, including professional
learning, technical support, replacement cycles, student consultation, and accessibility test-
ing. Accountability systems should also look beyond placement and achievement scores to
include participation, access to laboratory work, communication opportunities, assessment
fairness, and belonging in science classrooms.
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4.4. Future Research and Emerging Technologies

The review also has implications for research. The literature on disability and STEM
remains stronger in broad STEM, postsecondary, and technology-development settings
than in K-12 science classrooms, although the June 2026 update adds several school-level
studies. There is still a need for classroom-based intervention studies that examine how
specific technologies affect inquiry participation, representation understanding, laboratory
engagement, assessment performance, science identity, and critical participation among
younger learners. Researchers should also study technologies in combination, because
students often need several supports: for example, text-to-speech for procedures, tactile
graphics for data, AAC for discussion, sign-supported video for vocabulary, and UDL-
based assessment for expression. Future reviews could also connect assistive-technology
research with adjacent work on socio-scientific-issue pedagogy, where recent syntheses
show the importance of dialogue, decision-making, and real-world problems in science
classrooms (Hogstrom et al., 2025; Zeidler et al., 2005).

Generative Al and related digital tools merit specific attention in this context, but the
evidentiary status of Al claims must remain clear. In the updated 58-record map, Tang
et al. (2026) provide direct classroom evidence from inclusive science, while Kohnke and
Zaugg (2025), Clark et al. (2025), Sakowicz and Hamidi (2025), and Pieriboni et al. (2026)
provide conceptual or review evidence on Al, UDL, information-and-communication-
technology-enhanced tools, and accessible assessment. Taken together, these sources
suggest that Al tools may help generate alternative explanations, draft descriptions of
visual representations, support individualized materials, scaffold dialogue, or improve
assessment accessibility. They may also reproduce inequity through bias, opacity, data risks,
construct-irrelevant variance, and uneven access. For transformative science education,
Al-supported assistive technologies should be evaluated by whether they expand learner
agency, critical appraisal, and accountable participation in science, not by efficiency or
personalization alone.

The review therefore cautions against both technological optimism and technological
rejection. Assistive technologies should not be treated as solutions in themselves, and they
should not be dismissed as distractions from pedagogy. They are mediating resources
whose value depends on the quality of the educational ecology in which they are embedded.
Inclusive K-12 science education requires accessible representations, participatory inquiry
routines, prepared teachers, supportive peers, and aligned school systems.

For manuscript readers interested in classroom application, the review suggests several
practical design principles. First, every science lesson that relies on a visual representation
should include an accessibility plan: alternative text, tactile or physical representation,
verbal description, or digital magnification should be chosen according to the learning goal
rather than added generically. Second, every inquiry activity should include participation
roles that do not depend solely on speed, handwriting, or oral fluency. Third, science
assessments should allow students to demonstrate conceptual understanding through
multiple forms of expression, including oral explanation, AAC-supported response, tactile
model interpretation, labelled diagrams, or supported written work. Fourth, tasks should
create space for students with disabilities to ask questions, challenge interpretations, and
connect scientific ideas to lived and social concerns, so that inclusion becomes part of
critical science practice rather than only a technical adaptation.

A further implication concerns equity in emerging technologies. Al-supported tools,
automated tactile graphics, adaptive digital platforms, augmented reality, simulation
environments, and assessment-generation systems are likely to become more common
in science classrooms. These tools may help generate multimodal explanations, support
translation across representations, or provide individualized practice. However, they may
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also introduce new forms of exclusion if they are not accessible, if they require devices
unavailable to some students, if teachers do not understand their limitations, if assessment
systems measure tool navigation rather than science understanding, or if algorithmic
systems reproduce biased assumptions about disability and ability. Inclusive adoption of
emerging technology should therefore include accessibility testing, data protection, teacher
training, student feedback, construct-relevance review, and critical Al literacy (Clark et al.,
2025; Kohnke & Zaugg, 2025; Tang et al., 2026).

The review also suggests that future reviews should separate at least three outcome
levels: access outcomes, participation outcomes, and identity/pathway outcomes. Access
outcomes include whether students can perceive or decode material. Participation out-
comes include whether students can contribute to inquiry, discussion, and collaborative
work. Identity and pathway outcomes include whether students see themselves as science
learners and continue into advanced STEM opportunities. Many current studies report one
of these levels, but few connect all three. Stronger evidence will require longitudinal and
classroom-based designs that follow how assistive technology changes students’ scientific
participation over time.

5. Limitations

Database coverage limits this review. Crossref, OpenAlex, and ERIC offer comple-
mentary discovery routes, but Scopus, Web of Science, and IEEE Xplore were not searched.
Research in engineering, computing, assistive-device development, and specialist confer-
ence proceedings may consequently be underrepresented. Overlap between discovery
sources does not guarantee equivalent coverage, and topic-specific keyword queries may
miss work indexed under other disability or technical terms. Dissertation-focused sources
such as ProQuest Dissertations and Theses were not searched. Apparent gaps therefore
reflect the search strategy and representative display as well as the available literature; they
should not be interpreted as demonstrated absence of research.

Second, the evidence base is heterogeneous. Some records directly concern K-12 sci-
ence classrooms, whereas others concern STEM education, postsecondary STEM, assistive-
technology implementation, AAC participation, accessible mathematics, Al-supported
assessment, or visual impairment and graphics. The review included transferable studies
because the intersection of K-12 science education, disability, assistive technology, and
participation remains underdeveloped. However, transferability should not be mistaken
for direct evidence in every case. The critical science education literature cited for framing
also informed interpretation rather than forming part of the 58-record evidence map unless
the record met the eligibility criteria.

Third, the review did not conduct a formal risk-of-bias assessment or meta-analysis.
The included literature varies in methodology and outcome focus, making pooled effect
estimation inappropriate. The findings should therefore be read as a thematic synthesis and
conceptual mapping of barriers and implementation conditions rather than as evidence that
any specific technology has a uniform effect size. Fourth, English-language prioritization
may have underrepresented relevant disability-inclusive science/STEM research published
in other languages or indexed primarily in regional databases. This potential language
and database bias should be considered when interpreting apparent evidence gaps across
countries and educational systems. Fifth, the evidence map includes primary studies
and secondary reviews alongside conceptual and transferable records. This breadth is
appropriate for mapping the structure of an underdeveloped field, but some topical overlap
may occur between primary studies and reviews that synthesize them. Record counts
should therefore be interpreted as the breadth of the mapped literature rather than as a
count of fully independent effect estimates.
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Finally, the representative matrix is incomplete as a distribution of the corpus: five
Supplementary Materials S2 records have no explicit cell assighments. Some domain
assignments concern transferability rather than participant characteristics, and classification
reliability has not been quantified. Although independent screening and extraction were
conducted, complete stage-specific independent decisions and Al-assistance logs were not
retained. These documentation limits constrain auditability. The date-eligibility correction
described in Section 2.1 illustrates why background sources must be kept separate from
included records.

6. Conclusions

This mapping review brings together heterogeneous evidence on accessibility and par-
ticipation in inclusive K-12 science and STEM education. The literature describes tactile and
digital representations, communication supports, UDL, and implementation practices, with
emerging work on Al and assessment. A recurring interpretive implication is that access
to a resource and participation in scientific activity require separate evaluation. Teachers’
scaffolding, communication routines, accessible assessment, and sustained institutional
support warrant attention alongside tool design. Because the corpus combines direct, adja-
cent, conceptual, and review evidence, it does not establish comparative effectiveness or a
causal progression from access to identity and critical participation. Future studies should
test those relationships using explicit participation outcomes and transparent reporting of
context and implementation.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/educscil6091551/s1, Supplementary Materials S1 contains search
strings, corrected selection counts, exclusion documentation, and screening/Al-use statements.
Supplementary Materials S2 contains the corrected 58-record extraction matrix, representative cell
reconciliation, and revision audit. Original record identifiers are retained in Supplementary Materials
S2 for traceability; record 23 (Edyburn, 2000) was removed as an ineligible background source.
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