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1. Introduction

ABSTRACT:

Students with intellectual and developmental disabilities (IDD)
remain underrepresented in postsecondary STEM programs, and
assistive technologies rarely address their mathematics learning
from an engineering or applied-mathematics perspective. This
review synthesizes 45 sources on assistive technology, adaptive
algorithms, Universal Design for Learning (UDL), and evidence-
based mathematics instruction for students with IDD. Following
an integrative review methodology, sources retrieved from
Scopus, Web of Science, IEEE Xplore, ERIC, PubMed, and
Google Scholar were organized into six themes: postsecondary
access, UDL in mathematics, evidence-based/technology-
supported interventions, Al-driven adaptive learning, low-cost
IoT devices, and computational thinking/robotics. Special-
education instructional science for this population is
comparatively mature, while engineering-grounded,
postsecondary-specific tools remain scarce. Interdisciplinary
collaboration between special education and engineering is
recommended.

Keywords: assistive technology, intellectual disability, applied
mathematics, STEM higher education, Universal Design for Learning.

Ecuadorians with disabilities had accessed higher

education  historically, and  institutional

Access to higher education has expanded for
students with intellectual and developmental
disabilities (IDD) since the Higher Education
Opportunity Act of 2008 formally recognized
inclusive postsecondary education (IPSE) (Becht
et al., 2020; Grigal et al., 2012), and recent Think
College data confirm continued but uneven
growth in these programs (Grigal et al., 2024).
Even so, students with IDD remain concentrated
outside STEM tracks (Ariza & Hernandez, 2025),
and people with disabilities overall make up only
about 3% of the U.S. STEM workforce (National
Center for Science and Engineering Statistics,
2023). The pattern is global: fewer than 2% of

implementation of inclusion policy still lags at the
postsecondary level (Aguilera Zamora, 2022;
Clavijo Castillo & Bautista-Cerro, 2020; Ocampo,
2018), consistent with WHO/World Bank (2011)
estimates that over a billion people worldwide
live with a disability.

Assistive technology (AT) improves engagement
and participation for students with disabilities in
higher education (McNicholl et al., 2021), yet
most AT research targets sensory or physical
impairments rather than the mathematical-
reasoning demands specific to IDD (Dumitru et
al., 2025). Meanwhile, special education has
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validated evidence-based mathematics strategies
for this population — concrete-representational-
abstract sequencing, schema-based instruction,
UDL (Root et al., 2020; Spooner et al., 2019) —
largely at the K-12 level. This review synthesizes
both literatures to identify where engineering and
applied-mathematics collaboration could
translate validated pedagogy into adaptive

postsecondary STEM tools.
2. Methodology

Design. This is a narrative literature review with
a scoping orientation, following the integrative
review approach of Whittemore and Knafl (2005)
and reporting practices consistent with PRISMA
2020 (Page et al.,, 2021), chosen to accommodate
the heterogeneous designs (single-case, quasi-
experimental, systematic review, policy report)

relevant to this topic.

Search strategy and sources. Scopus, Web of
Science, IEEE Xplore, ERIC, PubMed, and
Google Scholar were searched combining
disability ~ terms disability,
developmental disability, autism), context terms

(intellectual

(higher  education, postsecondary, STEM,
mathematics), and technology terms (assistive
technology,  adaptive  learning,  artificial
intelligence, Internet of Things, Universal Design

for Learning, computational thinking).

Selection criteria. Peer-reviewed sources (or
major governmental/intergovernmental reports)
addressing IDD populations and a technology-
based intervention or instructional framework
STEM, or
postsecondary access were included, prioritizing

relevant  to  mathematics,
the last 10-15 years while retaining foundational
eatlier studies. Sources unrelated to IDD or to
mathematics/STEM/postsecondary access were
excluded unless providing essential policy
context.

Data extraction and synthesis. Forty-five
sources were retained and organized inductively
into six themes via thematic synthesis; given
design heterogeneity, findings are synthesized
narratively rather than meta-analytically.

3. Results

3.1 Access and academic outcomes. A review
of 43 studies (1987-2017) found fewer than half
confirmed genuine inclusive participation for
students with intellectual disability (Becht et al.,
2020); national program data show continued but
uneven growth (Grigal et al., 2012, 2024), and
academic enabling behaviors — engagement,
study skills — remain central to success
(McLendon et al., 2023). Ecuadorian studies
confirm the same structural pattern regionally
(Aguilera Zamora, 2022; Clavijo Castillo &
Bautista-Cerro, 2020; Ocampo, 2018).

3.2 UDL applied to mathematics. UDL-based
intervention produced functional gains in
mathematics problem solving for students with
extensive support needs (Root et al., 2020). A
review of 17 postsecondary UDL studies found
15 effective (Seok et al., 2018), but a dedicated
STEM-focused review found UDL  still
substantially underused in college STEM courses
(Schreffler et al., 2019). Longitudinal work found
prior knowledge, not 1Q, predicted mathematical
progress (Schnepel et al., 2020), a systematic
review  found  generally  positive  but
heterogeneous intervention evidence (Schnepel
& Aunio, 2021), and instructional setting was
linked to progress independent of diagnosis

(Schnepel et al., 2022).

3.3 Evidence-based, technology-supported
interventions. Explicit instruction, task analysis,
and CRA sequencing underpin mathematics
instruction for moderate/severe developmental
disabilities (Spooner et al., 2019). Schema-based
instruction with concrete/virtual manipulatives
(Root et al, 2017) and personal-finance word
problems (Root, Saunders, et al., 2017) produced
gains, later extended through  virtual-
representational-abstract frameworks (Root et al.,
2021),  technology-embedded
instruction (Root et al., 2019), and augmented
reality (Root et al., 2022) — a clear trajectory

data-analysis

toward technology-mediated delivery. Related
dyscalculia work offers adjacent applied-
mathematics foundations (Calderén Delgado et
al,, 2019; Jadhav et al., 2025; Kaufmann, 2008).
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3.4 Al-driven adaptive learning. A review of 27
Al-assistive-technology studies found
personalized learning benefits alongside a
research on
cognitive/neurodevelopmental disabilities
specifically (Dumitru et al.,, 2025). Algorithmic
tools built for visual disabilities — real-time
arithmetic validation (Ali, Khusro, & Algamdi,
2025), structural navigation of expressions (Al
Khusro, & Alahmadi, 2024), and an integrated
solver (Ali et al., 2025) — illustrate transferable
architectures, though not yet validated with IDD

shortage of

populations.

3.5 Embedded and low-cost IoT devices.
Wireless/IoT assistive technologies improve
engagement but adoption is constrained by cost,
infrastructure, and training gaps (Bright, 2021),
corroborated by broader AT-adoption barriers
(McNicholl et al., 2021). This literature rarely
addresses mathematics instruction specifically,
leaving a clear gap for mathematics-focused, low-

cost embedded design.

3.6 Computational thinking, robotics, and
coding. A review of 263 screened studies (2013—
2024) found STEM interventions for disability
concentrated in the U.S. and in autism/learning-
disability populations, with intellectual disability
underrepresented (Ariza & Hernandez, 2025); a
meta-analysis of 40 studies confirmed strong
STEM-learning effects while showing disability
subtype moderates outcomes (Da et al., 2025).
Robotics improved social/communication skills
in autism (Alghamdi et al., 2023), and systematic
science instruction produced gains for ID /autism
(Apanasionok et al., 2019; Knight et al., 2020).
UDL-grounded programming instruction (Kim
et al., 2024, 2025) and explicit computational-
thinking strategies (Israel et al., 2015; Kert et al.,
2022; Yildiz & Cengel, 2022) show this is an
accessible, evidence-supported STEM entry
point.

4. Discussion

Across all  six themes, special-education
instructional science for teaching mathematics
and computational thinking to students with

IDD is comparatively mature, while engineering

translation of that science into adaptive, low-cost
postsecondary tools lags behind (Ariza &
Hernandez, 2025; Dumitru et al., 2025; Root et
al., 2020). The manipulatives-to-VR-to-AR
progression documented within special education
itself (Root et al., 2017, 2021, 2022) shows the
field moving toward technology-mediated
delivery, but largely using off-the-shelf consumer
tools rather than purpose-built engineering
solutions. Adjacent algorithmic architectures
developed for visual disability (Ali et al., 2024,
2025) and loT frameworks (Bright, 2021) are
transferable but unvalidated for IDD, and rarely
target mathematics specifically.

This represents a clear opportunity for
engineering and applied-mathematics
researchers, particularly in  resource-limited
settings such as Ecuador (Aguilera Zamora, 2022;
Ocampo, 2018), to co-design low-cost,
mathematics-specific ~ tools  with  special
educators, using computational thinking and
robotics (Israel et al., 2015; Kim et al., 2024, 2025)
as an evidence-supported bridge into STEM.
Structural barriers to access mean technology
alone cannot resolve underrepresentation (Becht
et al.,, 2020; National Center for Science and
Engineering Statistics, 2023); any technical
contribution must complement, not replace,
institutional inclusion efforts. Limitations include
this  review's  narrative  (non-systematic)
methodology, predominance of U.S./English-
language sources, and the scarcity of studies
isolating postsecondary STEM mathematics as a

distinct IDD outcome.
5. Conclusion

Students with IDD remain underrepresented in
STEM higher education, in the United States and
in Ecuador alike, and available assistive
technologies  rarely embed the applied-
mathematics and engineering principles that
could make them more effective and affordable.
Special education has established which strategies
work; engineering has established the technical
tools to deliver them adaptively. The missing
element is deliberate collaboration between the
two fields. Future work should prioritize co-
designed, low-cost technologies validated directly
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