
INTRODUCTION

Mathematical competence constitutes a fundamental com-
ponent of academic achievement, adaptive functioning, and 
independent participation in everyday life. Basic arithmetic 
skills such as counting, addition, subtraction, multiplication, 
and problem solving are essential for managing practical daily 
activities, including financial transactions, time manage-
ment, and decision making. However, students with intellec-
tual disability frequently experience substantial difficulties 
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in acquiring mathematical competencies due to limitations 
in intellectual functioning, working memory, abstract rea-
soning, and information processing (Schalock et al., 2021). 
These challenges often affect the development of number 
sense, procedural fluency, and mathematical problem-solv-
ing abilities, resulting in persistent difficulties in mathemat-
ics achievement across educational settings. In response to 
these challenges, a growing body of research has examined 
instructional approaches designed to improve mathematical 
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ABSTRACT

Numeracy literacy constitutes a fundamental component of functional literacy and is essential 
for independent functioning, adaptive behavior, and participation in everyday life. However, 
children and adolescents with intellectual and developmental disabilities often experience 
substantial difficulties in acquiring foundational arithmetic skills due to challenges in numerical 
reasoning, working memory, abstraction, and problem solving. The present study aimed to 
systematically synthesize empirical and review evidence on instructional approaches designed 
to support the development of functional numeracy literacy through arithmetic interventions 
among these learners. The review was conducted in accordance with the PRISMA 2020 
framework. Relevant literature was identified through systematic searches of Scopus, Web 
of Science, ERIC, and Google Scholar using predefined search terms and eligibility criteria. 
Following screening and full-text assessment, 36 studies were included in the qualitative 
synthesis. Of the 36 included studies, 22 were empirical intervention studies, 6 were systematic 
reviews or evidence-based practice reviews, 2 were meta-analyses, 1 was a correlational study, 
and 5 employed other research designs, including content analyses, intervention syntheses, and 
classroom-based investigations. Narrative synthesis was conducted following the framework 
proposed by Popay et al. (2006), involving study coding, thematic grouping, and cross-study 
comparison. Six recurring instructional themes emerged across the reviewed literature: explicit 
instruction, the Concrete-Representational-Abstract (CRA) approach, schema-based instruction, 
structured practice interventions, technology-supported instruction, and cooperative or inclusive 
instructional strategies. Across studies, effective interventions consistently incorporated 
structured guidance, visual representations, scaffolded learning opportunities, repeated practice, 
and active learner engagement. Beyond improving arithmetic performance, these approaches 
appeared to support learners’ ability to interpret, understand, and apply numerical information 
in meaningful contexts. Overall, the findings suggest that effective mathematics instruction 
contributes not only to mathematical achievement but also to the development of functional 
numeracy literacy among students with intellectual and developmental disabilities. Further 
research employing more rigorous designs, larger samples, and longer follow-up periods is 
needed to strengthen the evidence base and examine long-term functional outcomes.

Key words: Numeracy Literacy, Functional Literacy, Intellectual Disability, Developmental 
Disabilities, Arithmetic Interventions, Special Education

Developing Functional Numeracy Literacy among Students with Intellectual and Developmental 
Disabilities: A Systematic Review and Narrative Synthesis of Arithmetic Interventions

Andreas Fragkos1, Ilias Vasileiou2, Alexandros-Stamatios Antoniou1, Georgios Polydoros3, Zoe Krokou1

1National and Kapodistrian University of Athens, Greece
2College for Humanistic Sciences-ICPS, University of Lancashire, United Kingdom 
3University of Crete, Greece
Corresponding author: Ilias Vasileiou, E-mail: ivasileiou@lancashire.ac.uk

ARTICLE INFO

Article history 
Received: May 15, 2026
Accepted: July18, 2026
Published: July 31, 2026
Volume: 14  Issue: 3

Conflicts of interest: None 
Funding: None



30� IJELS 14(3):29-41

learning outcomes among students with intellectual disability 
and related disability populations. Evidence-based instruc-
tional strategies such as explicit instruction, schema-based 
instruction, the Concrete-Representational-Abstract (CRA) 
instructional model, and structured practice interven-
tions have demonstrated promising results in supporting 
the development of foundational arithmetic competencies 
(Alhwaiti, 2022; Burns et al., 2015; Jung et al., 2022; Long 
et al., 2021). Earlier meta-analytic and review studies have 
also emphasized the effectiveness of structured mathematics 
instruction for students with learning difficulties and special 
educational needs (Gersten et al., 2009; Kroesbergen& Van 
Luit, 2003). At the same time, recent advances in educa-
tional technology have created new opportunities for inter-
active, visually supported, and individualized mathematics 
instruction through the use of virtual manipulatives, video 
modeling, and digital learning environments.Contemporary 
literacy scholarship increasingly recognizes numeracy as a 
core dimension of functional literacy. Functional literacy 
extends beyond reading and writing and includes the ability 
to interpret, understand, and apply symbolic information in 
everyday contexts. From this perspective, arithmetic can be 
understood as a form of symbolic language through which 
individuals interpret quantities, relationships, and real-world 
information (UNESCO, 2006). For students with intellectual 
disability, difficulties in understanding numerical symbols 
may therefore be conceptualized not only as mathematical 
challenges but also as barriers to functional literacy, social 
participation, and autonomy.

Despite the increasing number of studies examining 
mathematics interventions for students with intellectual 
disability, the available evidence remains dispersed across 
diverse research designs, disability populations, instruc-
tional models, and educational contexts. Furthermore, inter-
vention research specifically targeting intellectual disability 
remains comparatively limited, resulting in the inclusion of 
broader disability-related populations in many instructional 
investigations. Consequently, there is a need for a system-
atic synthesis of the existing literature in order to identify 
the instructional approaches that appear most effective for 
supporting arithmetic learning among students with intel-
lectual disability and related disability populations. The 
purpose of the present study was therefore to systematically 
review empirical and review evidence examining mathemat-
ics intervention programs designed to teach basic arithmetic 
and related mathematical skills to children and adolescents 
with intellectual disability and related disability populations. 
The review aimed to identify the principal instructional 
approaches reported in the literature, examine their reported 
educational outcomes, and synthesize current evidence 
regarding effective practices in mathematics instruction 
within disability-focused educational settings.

THEORETICAL BACKGROUND
Mathematical learning involves the interaction of cognitive, 
instructional, and environmental factors. For students with 
intellectual disability, mathematical learning may be influ-
enced by limitations in intellectual functioning, working 

memory capacity, and adaptive behavior skills (Schalock 
et al., 2021). These limitations can affect the development 
of number sense, numerical reasoning, and the ability to 
perform arithmetic operations. Working memory plays a 
particularly important role in mathematical problem solving 
because it enables learners to store and manipulate numeri-
cal information during calculation processes (Nelwan et al., 
2021). When working-memory capacity is limited, students 
may experience difficulty maintaining intermediate steps 
during arithmetic procedures or organizing information 
within multistep mathematical problems. Research has also 
highlighted the role of numerical representation and num-
ber sense in mathematical development, with impairments 
in these processes contributing to difficulties in arithme-
tic learning (Decarli et al., 2022).Several theoretical per-
spectives contribute to understanding how mathematics 
instruction can be effectively designed for students with 
intellectual disability. Behaviorist learning theory empha-
sizes observable learning behaviors and the role of reinforce-
ment, prompting, and repeated practice in supporting skill 
acquisition. Instructional strategies derived from behavior-
ist principles often involve structured teaching sequences, 
guided practice, and systematic reinforcement procedures 
designed to strengthen correct responses (Cihon et al., 
2020). Cognitivist learning theory, in contrast, focuses on 
internal mental processes such as information processing, 
memory organization, and problem-solving strategies. From 
a cognitivist perspective, effective mathematics instruction 
should support students in constructing meaningful mental 
representations of mathematical concepts and organizing 
knowledge structures that facilitate retrieval and application.

Constructivist learning theory emphasizes the active 
role of learners in constructing knowledge through interac-
tion with their environment and through engagement with 
meaningful learning experiences. Constructivist approaches 
encourage inquiry, collaboration, and exploration of mathe-
matical relationships (Almulla, 2023). Social constructivist 
perspectives further emphasize the importance of guided 
participation and instructional scaffolding within the learn-
er’s zone of proximal development. Recent research has also 
emphasized the importance of inclusive and cooperative 
learning environments in supporting mathematical learning 
among students with intellectual disability and related dis-
ability populations. Cooperative learning strategies encour-
age peer interaction and collaborative problem solving, 
which may support conceptual understanding and social par-
ticipation (Bornaa et al., 2023). At the same time, advances 
in educational technology have introduced new instructional 
possibilities, including digital learning environments, virtual 
manipulatives, and adaptive learning systems that provide 
individualized feedback and interactive representations of 
mathematical concepts (Gupta et al., 2022). Together, these 
theoretical perspectives suggest that effective mathematics 
interventions for students with intellectual disability should 
combine structured instruction, scaffolded learning, visual 
supports, and opportunities for active engagement.

Numeracy literacy has increasingly been conceptualized 
as a social practice rather than merely a set of computational 
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skills. Street’s (1984, 2003) ideological model of literacy 
argues that literacy practices are embedded within social and 
cultural contexts and cannot be reduced to technical compe-
tencies alone. Applied to numeracy, this perspective suggests 
that mathematical understanding emerges through partici-
pation in socially meaningful activities involving numbers, 
measurement, money, time, and problem solving. Similarly, 
Vygotsky’s sociocultural theory emphasizes the importance 
of scaffolding, guided participation, and social interaction 
in cognitive development. Mathematical symbols can be 
viewed as cultural tools that mediate thinking and communi-
cation. For students with intellectual disability, instructional 
supports such as visual representations, manipulatives, 
peer-assisted learning, and teacher scaffolding may facili-
tate access to these symbolic systems and strengthen func-
tional numeracy literacy. Consequently, effective numeracy 
instruction should be understood not only as the teaching of 
arithmetic procedures but also as the development of learn-
ers’ capacity to interpret, communicate, and apply numerical 
information in everyday life.

METHOD

Study Design

The present study employed a systematic literature review 
design in order to synthesize research examining mathemat-
ics intervention approaches aimed at improving basic arith-
metic skills among children and adolescents with intellectual 
disability and related disability populations. The review 
focused on studies addressing foundational mathematical 
competencies, including number sense, addition, subtrac-
tion, multiplication, division, fractions, and mathematical 
problem solving. Because the available literature in this area 
includes both primary empirical intervention studies and 
intervention-focused evidence syntheses, the review adopted 
a broader evidence-mapping approach in order to capture 
the range of instructional practices reported in the field. The 
review process was conducted and reported in accordance 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA 2020) guidelines (Page et al., 
2021a; Page et al., 2021b).

Search Strategy

A comprehensive literature search was conducted in March 
2026 across four major academic databases: Scopus, Web 
of Science, ERIC, and Google Scholar. These databases 
were selected because they provide extensive coverage of 
research in education, psychology, special education, and 
developmental disabilities. The search targeted studies pub-
lished between January 2000 and February 2026 in order to 
capture contemporary developments in mathematics instruc-
tion as well as recent advances in educational technology 
and intervention design. The search strategy combined terms 
related to the target populations, the academic domain, and 
the instructional focus. Population-related terms included 
intellectual disability, developmental disability, students 
with intellectual and developmental disabilities, significant 

cognitive disabilities, and special educational needs asso-
ciated with intellectual functioning. Additional searches 
involving learning disabilities and learning difficulties were 
conducted only when the intervention findings were consid-
ered potentially relevant to numeracy literacy development 
among students with significant support needs.These were 
combined with mathematics-related terms such as math-
ematics intervention, mathematics instruction, arithmetic 
instruction, numeracy, numeracy literacy, addition, subtrac-
tion, multiplication, division, fractions, and mathematical 
problem solving. Boolean operators such as AND and OR 
were used to refine the searches and improve retrieval pre-
cision. In addition to the electronic database search, the 
reference lists of relevant studies and review articles were 
manually examined in order to identify additional relevant 
publications.

Eligibility Criteria
Studies were considered eligible for inclusion if they exam-
ined mathematics instruction or mathematics intervention 
approaches relevant to the development of foundational 
arithmetic skills among children or adolescents with intel-
lectual disability or developmental disabilities.The primary 
target population of the review consisted of students with 
intellectual disability (ID) and developmental disabilities 
(DD). Studies involving students with learning disabilities 
(LD) or learning difficulties were included only when the 
instructional approaches addressed numeracy literacy skills 
that could reasonably be transferred to learners with signif-
icant cognitive support needs. Such studies were identified 
separately during data extraction and considered with cau-
tion during narrative synthesis in order to avoid conflating 
distinct disability categories.Eligible sources included both 
primary empirical intervention studies and intervention-fo-
cused secondary syntheses, such as systematic reviews and 
meta-analyses, provided that they addressed mathematics 
instruction and reported findings relevant to instructional 
effectiveness.Studies were included when they focused on 
foundational mathematical skills such as number sense, 
arithmetic operations, fractions, or mathematical problem 
solving. Particular attention was given to studies examining 
the development of functional numeracy literacy, defined 
as the ability to interpret, understand, and apply numeri-
cal information in everyday contexts.Only peer-reviewed 
journal articles published in English were considered. The 
review excluded editorials, conceptual papers, conference 
abstracts, dissertations, and publications unrelated to math-
ematics intervention or unrelated to disability-focused edu-
cational contexts.

Study Selection Process
The study selection process followed the stages recom-
mended by the PRISMA 2020 framework. The initial data-
base search identified 212 records across the four databases. 
After removal of duplicate records, 165 articles remained 
for title and abstract screening. During this stage, 79 records 
were excluded because they did not focus on mathematics 
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interventions, did not involve relevant disability-related pop-
ulations, or did not align with the instructional scope of the 
review. The remaining 86 articles were assessed in full text 
for eligibility.During the full-text review stage, 50 studies 
were excluded because they did not address mathematics 
instruction in a sufficiently relevant way, did not focus on 
foundational arithmetic or related mathematical skills, or did 
not provide findings applicable to the aims of the review. 
Following this process, 36 studies met the eligibility criteria 
and were included in the final qualitative synthesis. These 
studies comprised a combination of primary empirical inter-
vention research and intervention-focused evidence synthe-
ses. The complete selection process is illustrated in Figure 1.

Data Extraction

Data from the included studies were systematically extracted 
in order to ensure consistency across the synthesis process. 
In addition to bibliographic and methodological characteris-
tics, data extraction included information regarding partici-
pant disability category (ID, DD, LD, or mixed populations), 
instructional mechanisms, use of visual supports, numer-
acy literacy outcomes, and reported functional learning 

outcomes. The extracted information included the authors 
and year of publication, country of study, participant charac-
teristics or target population, type of mathematics interven-
tion or instructional approach, target mathematical domain, 
research design or review type, and principal findings. The 
extracted data were organized and summarized in Table 1.

Quality Appraisal

The methodological quality of the included studies was 
evaluated using the Mixed Methods Appraisal Tool (MMAT; 
Hong et al., 2018). The MMAT was selected because the 
review included a heterogeneous body of evidence com-
prising experimental studies, single-case intervention 
designs, correlational studies, systematic reviews, and evi-
dence-based practice syntheses. Each study was assessed 
according to the criteria relevant to its methodological 
design. The appraisal focused on the clarity of research ques-
tions, adequacy of sampling procedures, appropriateness of 
data collection methods, quality of outcome measures, and 
coherence between study design and conclusions. Based 
on MMAT criteria, studies were categorized as high, mod-
erate, or low methodological quality. The quality appraisal 

Figure 1. Prisma Diagram



Developing Functional Numeracy Literacy among Students with Intellectual and Developmental  
Disabilities: A Systematic Review and Narrative Synthesis of Arithmetic Interventions� 33
Ta

bl
e 

1.
 R

ep
re

se
nt

at
iv

e 
st

ud
ie

s i
nc

lu
de

d 
in

 th
e 

na
rr

at
iv

e 
sy

nt
he

si
s a

nd
 th

ei
r c

on
tri

bu
tio

ns
 to

 fu
nc

tio
na

l n
um

er
ac

y 
lit

er
ac

y
St

ud
y

Pa
rt

ic
ip

an
ts

In
st

ru
ct

io
na

l 
A

pp
ro

ac
h

M
at

he
m

at
ic

al
 

Fo
cu

s
St

ud
y 

Ty
pe

M
ai

n 
Fi

nd
in

gs
C

on
tr

ib
ut

io
n 

to
 F

un
ct

io
na

l N
um

er
ac

y 
L

ite
ra

cy
B

ro
w

de
r e

t a
l. 

(2
00

8)
Si

gn
ifi

ca
nt

 c
og

ni
tiv

e 
di

sa
bi

lit
ie

s
Sy

st
em

at
ic

 m
at

he
m

at
ic

s 
in

st
ru

ct
io

n
N

um
er

ac
y 

an
d 

ar
ith

m
et

ic
M

et
a‑

an
al

ys
is

Po
si

tiv
e 

ef
fe

ct
s a

cr
os

s 
st

ud
ie

s
Su

pp
or

te
d 

ac
qu

is
iti

on
 a

nd
 a

pp
lic

at
io

n 
of

 
fo

un
da

tio
na

l n
um

er
ac

y 
sk

ill
s

B
ut

le
r e

t a
l. 

(2
00

3)
M

ild
 d

is
ab

ili
tie

s
Pr

ob
le

m
‑s

ol
vi

ng
 

in
st

ru
ct

io
n

W
or

d 
pr

ob
le

m
s

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 p
ro

bl
em

‑s
ol

vi
ng

 
pe

rf
or

m
an

ce
En

ha
nc

ed
 in

te
rp

re
ta

tio
n 

of
 q

ua
nt

ita
tiv

e 
in

fo
rm

at
io

n
X

in
 &

 Ji
te

nd
ra

 (1
99

9)
Le

ar
ni

ng
 d

is
ab

ili
tie

s
Sc

he
m

a‑
ba

se
d 

in
st

ru
ct

io
n

W
or

d 
pr

ob
le

m
s

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 st
ra

te
gy

 u
se

Fa
ci

lit
at

ed
 u

nd
er

st
an

di
ng

 a
nd

 o
rg

an
iz

at
io

n 
of

 
nu

m
er

ic
al

 in
fo

rm
at

io
n

B
ro

w
de

r e
t a

l. 
(2

01
2)

M
od

er
at

e i
nt

el
le

ct
ua

l 
di

sa
bi

lit
y

G
ra

de
‑a

lig
ne

d 
m

at
he

m
at

ic
s i

ns
tru

ct
io

n
A

rit
hm

et
ic

 
co

nc
ep

ts
Ex

pe
rim

en
ta

l
Im

pr
ov

ed
 m

at
he

m
at

ic
s 

pe
rf

or
m

an
ce

St
re

ng
th

en
ed

 a
cc

es
s t

o 
fu

nc
tio

na
l n

um
er

ac
y 

sk
ill

s
Fu

ch
s e

t a
l. 

(2
01

4)
Le

ar
ni

ng
 d

is
ab

ili
tie

s
Ex

pl
ic

it 
in

st
ru

ct
io

n
M

at
he

m
at

ic
s 

ac
hi

ev
em

en
t

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 a
ch

ie
ve

m
en

t
Su

pp
or

te
d 

in
te

rp
re

ta
tio

n 
an

d 
ap

pl
ic

at
io

n 
of

 
nu

m
er

ic
al

 sy
m

bo
ls

Pa
rk

 e
t a

l. 
(2

01
6)

St
ud

en
ts

 w
ith

 
di

sa
bi

lit
ie

s
C

R
A

 a
pp

ro
ac

h
Fr

ac
tio

ns
Ex

pe
rim

en
ta

l
Im

pr
ov

ed
 c

on
ce

pt
ua

l 
un

de
rs

ta
nd

in
g

Li
nk

ed
 c

on
cr

et
e 

ex
pe

rie
nc

es
 w

ith
 sy

m
bo

lic
 

re
pr

es
en

ta
tio

ns
K

le
in

er
t e

t a
l. 

(2
01

7)
St

ud
en

ts
 w

ith
 

di
sa

bi
lit

ie
s

Ta
pe

d 
pr

ob
le

m
s 

in
te

rv
en

tio
n

M
at

h 
fa

ct
s

Ex
pe

rim
en

ta
l

In
cr

ea
se

d 
flu

en
cy

Im
pr

ov
ed

 a
ut

om
at

ic
 p

ro
ce

ss
in

g 
of

 n
um

er
ic

al
 

in
fo

rm
at

io
n

R
oo

t e
t a

l. 
(2

01
7)

M
od

er
at

e i
nt

el
le

ct
ua

l 
di

sa
bi

lit
y

Te
ch

no
lo

gy
‑s

up
po

rte
d 

in
st

ru
ct

io
n

Pr
ob

le
m

 so
lv

in
g

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 e
ng

ag
em

en
t a

nd
 

pe
rf

or
m

an
ce

En
ha

nc
ed

 a
cc

es
s t

o 
m

at
he

m
at

ic
al

 
re

pr
es

en
ta

tio
ns

B
ou

ck
 e

t a
l. 

(2
01

9)
Le

ar
ni

ng
 d

is
ab

ili
tie

s
C

R
A

 a
pp

ro
ac

h
A

rit
hm

et
ic

 
co

nc
ep

ts
Ev

id
en

ce
 

sy
nt

he
si

s
Po

si
tiv

e 
ou

tc
om

es
Su

pp
or

te
d 

m
ov

em
en

t f
ro

m
 c

on
cr

et
e 

to
 

sy
m

bo
lic

 u
nd

er
st

an
di

ng
Sp

oo
ne

r e
t a

l. 
(2

01
9)

M
od

er
at

e 
an

d 
se

ve
re

 
D

D
Sy

st
em

at
ic

 in
st

ru
ct

io
n

M
at

he
m

at
ic

s 
sk

ill
s

Ev
id

en
ce

‑b
as

ed
 

re
vi

ew
Po

si
tiv

e 
ef

fe
ct

s
Su

pp
or

te
d 

de
ve

lo
pm

en
t o

f f
un

ct
io

na
l 

nu
m

er
ac

y 
co

m
pe

te
nc

ie
s

B
ou

ck
 e

t a
l. 

(2
02

0)
St

ud
en

ts
 w

ith
 

di
sa

bi
lit

ie
s

V
irt

ua
l m

an
ip

ul
at

iv
es

Fr
ac

tio
ns

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 c
on

ce
pt

ua
l 

un
de

rs
ta

nd
in

g
Fa

ci
lit

at
ed

 v
is

ua
l i

nt
er

pr
et

at
io

n 
of

 
m

at
he

m
at

ic
al

 re
la

tio
ns

hi
ps

Pa
rk

 e
t a

l. 
(2

02
0)

In
te

lle
ct

ua
l d

is
ab

ili
ty

M
ai

nt
en

an
ce

 
in

te
rv

en
tio

ns
A

rit
hm

et
ic

 sk
ill

s
Sy

st
em

at
ic

 
re

vi
ew

Im
po

rta
nc

e 
of

 re
pe

at
ed

 
pr

ac
tic

e
St

re
ng

th
en

ed
 re

te
nt

io
n 

an
d 

us
e 

of
 n

um
er

ic
al

 
kn

ow
le

dg
e

Lo
ng

 e
t a

l. 
(2

02
1)

In
te

lle
ct

ua
l d

is
ab

ili
ty

Ex
pl

ic
it 

in
st

ru
ct

io
n

M
at

he
m

at
ic

s 
le

ar
ni

ng
In

te
rv

en
tio

n 
sy

nt
he

si
s

C
on

si
st

en
t l

ea
rn

in
g 

ga
in

s
Su

pp
or

te
d 

un
de

rs
ta

nd
in

g 
an

d 
us

e 
of

 
m

at
he

m
at

ic
al

 sy
m

bo
ls

Sc
hn

ep
el

&
A

un
io

 (2
02

1)
In

te
lle

ct
ua

l d
is

ab
ili

ty
M

at
he

m
at

ic
s 

in
te

rv
en

tio
ns

Fo
un

da
tio

na
l 

ar
ith

m
et

ic
Sy

st
em

at
ic

 
re

vi
ew

Po
si

tiv
e 

ou
tc

om
es

Su
pp

or
te

d 
de

ve
lo

pm
en

t o
f e

ve
ry

da
y 

nu
m

er
ac

y 
sk

ill
s

M
or

ris
 e

t a
l. 

(2
02

2)
St

ud
en

ts
 w

ith
 

di
sa

bi
lit

ie
s

V
id

eo
 m

od
el

in
g 

&
 A

R
M

at
he

m
at

ic
s 

co
nc

ep
ts

In
te

rv
en

tio
n 

st
ud

y
Im

pr
ov

ed
 e

ng
ag

em
en

t
En

ha
nc

ed
 c

om
pr

eh
en

si
on

 th
ro

ug
h 

m
ul

tim
od

al
 

re
pr

es
en

ta
tio

ns
Ju

ng
 e

t a
l. 

(2
02

2)
St

ud
en

ts
 w

ith
 

di
sa

bi
lit

ie
s

Sc
he

m
a‑

ba
se

d 
in

st
ru

ct
io

n
Pr

ob
le

m
 so

lv
in

g
Sy

st
em

at
ic

 
re

vi
ew

Im
pr

ov
ed

 p
er

fo
rm

an
ce

Su
pp

or
te

d 
in

te
rp

re
ta

tio
n 

an
d 

or
ga

ni
za

tio
n 

of
 

nu
m

er
ic

al
 in

fo
rm

at
io

n
Sa

ts
an

gi
&

 R
ai

ne
s (

20
22

)
St

ud
en

ts
 w

ith
 

di
sa

bi
lit

ie
s

V
irt

ua
l m

an
ip

ul
at

iv
es

M
at

he
m

at
ic

s 
co

nc
ep

ts
R

ev
ie

w
Po

si
tiv

e 
eff

ec
ts

In
cr

ea
se

d 
ac

ce
ss

ib
ili

ty
 o

f n
um

er
ic

al
 

re
pr

es
en

ta
tio

ns

(C
on

td
...

)



34� IJELS 14(3):29-41
Ta

bl
e 

1.
 (C

on
tin

ue
d)

St
ud

y
Pa

rt
ic

ip
an

ts
In

st
ru

ct
io

na
l 

A
pp

ro
ac

h
M

at
he

m
at

ic
al

 
Fo

cu
s

St
ud

y 
Ty

pe
M

ai
n 

Fi
nd

in
gs

C
on

tr
ib

ut
io

n 
to

 F
un

ct
io

na
l N

um
er

ac
y 

L
ite

ra
cy

Y
ıld

ırı
m

&
Y

ık
m

ış
 (2

02
2)

Le
ar

ni
ng

 d
is

ab
ili

tie
s

C
R

A
 a

pp
ro

ac
h

Fr
ac

tio
ns

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 fr
ac

tio
n 

le
ar

ni
ng

Su
pp

or
te

d 
sy

m
bo

lic
 u

nd
er

st
an

di
ng

 o
f 

qu
an

tit
at

iv
e 

re
la

tio
ns

hi
ps

B
or

na
a 

et
 a

l. 
(2

02
3)

Sc
ho

ol
 st

ud
en

ts
C

oo
pe

ra
tiv

e 
le

ar
ni

ng
M

at
he

m
at

ic
s 

ac
hi

ev
em

en
t

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 a
ch

ie
ve

m
en

t
Pr

om
ot

ed
 c

om
m

un
ic

at
io

n 
an

d 
co

lla
bo

ra
tiv

e 
co

ns
tru

ct
io

n 
of

 n
um

er
ic

al
 m

ea
ni

ng
H

or
d 

(2
02

3)
M

ild
 in

te
lle

ct
ua

l 
di

sa
bi

lit
y

St
ru

ct
ur

ed
 in

st
ru

ct
io

n
A

rit
hm

et
ic

 sk
ill

s
C

la
ss

ro
om

 st
ud

y
Po

si
tiv

e 
ou

tc
om

es
St

re
ng

th
en

ed
 fu

nc
tio

na
l n

um
er

ac
y 

pe
rf

or
m

an
ce

G
ill

ey
 e

t a
l. 

(2
02

3)
In

te
lle

ct
ua

l d
is

ab
ili

ty
M

od
ifi

ed
 sc

he
m

a‑
ba

se
d 

in
st

ru
ct

io
n

W
or

d 
pr

ob
le

m
s

Ex
pe

rim
en

ta
l

Im
pr

ov
ed

 p
ro

bl
em

 so
lv

in
g

Su
pp

or
te

d 
in

te
rp

re
ta

tio
n 

an
d 

co
m

m
un

ic
at

io
n 

of
 q

ua
nt

ita
tiv

e 
re

la
tio

ns
hi

ps
D

av
id

 e
t a

l. 
(2

02
5)

C
hi

ld
re

n 
w

ith
 

in
te

lle
ct

ua
l 

di
sa

bi
lit

ie
s

D
ig

ita
l‑b

as
ed

 
m

at
he

m
at

ic
s i

nt
er

ve
nt

io
n

N
um

er
ic

al
 a

nd
 

ar
ith

m
et

ic
 sk

ill
s

Pr
el

im
in

ar
y 

in
te

rv
en

tio
n 

st
ud

y

Im
pr

ov
em

en
ts

 in
 

m
at

he
m

at
ic

s p
er

fo
rm

an
ce

En
ha

nc
ed

 a
cc

es
s t

o 
nu

m
er

ic
al

 c
on

ce
pt

s 
th

ro
ug

h 
st

ru
ct

ur
ed

 d
ig

ita
l a

ct
iv

iti
es

Sh
in

 e
t a

l. 
(2

02
3)

St
ud

en
ts

 w
ith

 
di

sa
bi

lit
ie

s
Te

ch
no

lo
gy

‑s
up

po
rte

d 
m

at
he

m
at

ic
s i

ns
tru

ct
io

n
M

at
he

m
at

ic
s 

le
ar

ni
ng

C
on

te
nt

 a
na

ly
si

s
En

ha
nc

ed
 a

cc
es

si
bi

lit
y

In
cr

ea
se

d 
op

po
rtu

ni
tie

s f
or

 e
ng

ag
em

en
t w

ith
 

nu
m

er
ic

al
 in

fo
rm

at
io

n
St

ud
ie

s i
nv

ol
vi

ng
 le

ar
ni

ng
 d

is
ab

ili
tie

s w
er

e 
in

cl
ud

ed
 o

nl
y 

w
he

n 
th

e 
in

st
ru

ct
io

na
l m

ec
ha

ni
sm

s w
er

e 
co

ns
id

er
ed

 tr
an

sf
er

ab
le

 to
 th

e 
de

ve
lo

pm
en

t o
f f

un
ct

io
na

l n
um

er
ac

y 
lit

er
ac

y 
am

on
g 

st
ud

en
ts

 w
ith

 
in

te
lle

ct
ua

l a
nd

 d
ev

el
op

m
en

ta
l d

is
ab

ili
tie

s.

findings were used to inform interpretation of the evidence 
during narrative synthesis rather than as exclusion criteria. 
Overall, the methodological quality of the included literature 
was considered moderate. Although most studies reported 
positive findings regarding mathematics interventions, many 
of the primary studies relied on small samples or single-case 
designs, while some of the secondary syntheses combined 
studies of differing methodological strength. These consid-
erations were taken into account in interpreting the findings 
of the review.

Data Synthesis
Because the included studies varied considerably in popu-
lation characteristics, research designs, intervention proce-
dures, and outcome measures, a quantitative meta-analysis 
was not considered appropriate. Instead, the findings were 
synthesized using a qualitative narrative synthesis approach. 
The narrative synthesis followed the framework proposed 
by Popay et al. (2006). First, descriptive characteristics of 
the included studies were extracted and coded. Second, stud-
ies were grouped according to shared instructional mech-
anisms and pedagogical features. Third, recurring themes 
were identified through iterative comparison across studies. 
Finally, relationships among intervention categories were 
examined to generate higher-order explanatory themes 
regarding the development of numeracy literacy among stu-
dents with intellectual and developmental disabilities. This 
approach enabled the identification of recurring instructional 
patterns and the organization of the literature according to 
major instructional categories, including explicit instruc-
tion, the Concrete-Representational-Abstract (CRA) instruc-
tional model, schema-based instruction, structured practice 
interventions, technology-supported mathematics instruc-
tion, and cooperative or inclusive instructional strategies. 
Special attention was given to identifying how instructional 
approaches supported learners’ interpretation, understand-
ing, and application of numerical symbols and mathemati-
cal representations as components of functional numeracy 
literacy. The narrative synthesis also allowed the integration 
of findings drawn from both empirical intervention studies 
and broader intervention-focused evidence syntheses. This 
approach was considered appropriate given the heteroge-
neity of the included literature and the aim of identifying 
the main instructional tendencies associated with improved 
mathematical learning outcomes in disability-focused edu-
cational settings.

RESULTS
Students with intellectual disability and related disabil-
ity populations often require structured and individualized 
instructional approaches in order to develop mathematical 
skills. Traditional instructional methods may not sufficiently 
address the diverse learning needs of these students, particu-
larly when mathematical tasks involve abstract reasoning or 
multiple problem-solving steps. Consequently, a wide range 
of mathematics intervention programs have been developed 
to support learners with disabilities in acquiring arithmetic 
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skills and improving mathematical performance. Research 
suggests that effective mathematics interventions typically 
combine structured instruction, visual representations, 
scaffolded learning, and repeated practice opportunities 
(Alhwaiti, 2022; Burns et al., 2015). The studies included 
in this review comprised both primary empirical interven-
tion research and intervention-focused evidence synthe-
ses. Across the reviewed literature, several instructional 
approaches consistently emerged as effective in supporting 
mathematical learning outcomes, including explicit instruc-
tion, the Concrete-Representational-Abstract instructional 
model, schema-based instruction, structured practice inter-
ventions, technology-supported mathematics instruction, 
and cooperative or inclusive instructional practices.

Characteristics of Included Studies
The final sample comprised 36 studies that met the eligibil-
ity criteria and were included in the narrative synthesis. The 
included studies represented a diverse body of evidence, 
including experimental intervention studies, single-case 
research designs, correlational investigations, systematic 
reviews, evidence-based practice reviews, and meta-anal-
yses. Collectively, these studies examined a broad range 
of instructional approaches designed to improve arithme-
tic performance, mathematical problem solving, and func-
tional numeracy literacy among students with intellectual 
and developmental disabilities and related disability pop-
ulations.As presented in Table  2, the majority of studies 
focused on students with learning disabilities or learning 
difficulties, followed by studies involving students with 
intellectual disabilities, developmental disabilities, and 
mixed disability populations. Because the primary objective 
of the review was to identify instructional practices relevant 
to learners with significant support needs, studies involving 
learning disabilities were retained only when their findings 
were considered transferable to numeracy literacy develop-
ment among students with intellectual and developmental 
disabilities.

As shown in Table  3, across the reviewed literature, 
six recurring instructional themes emerged through the 
narrative synthesis process: explicit instruction, Concrete-
Representational-Abstract (CRA) instruction, schema-based 
instruction, structured practice interventions, technolo-
gy-supported instruction, and cooperative or inclusive 
instructional approaches. These themes were identified 
through iterative coding and comparison of intervention 

characteristics, instructional mechanisms, and reported 
learning outcomes.

The quality appraisal indicated that the methodological 
quality of the included studies was generally satisfactory. 
While several investigations employed small samples or 
single-case intervention designs, most studies demonstrated 
adequate methodological rigor and provided sufficient detail 
regarding intervention procedures and outcomes. The qual-
ity assessment findings were considered during interpreta-
tion of the evidence and are summarized in Table 4.

The included literature suggests that effective numeracy 
interventions share several common characteristics, includ-
ing structured instruction, visual and representational sup-
ports, scaffolded learning opportunities, repeated practice, 
and active learner engagement. These recurring features 
formed the basis for the thematic synthesis presented in the 
following sections (Table 4).

Although the primary focus of the review was students 
with intellectual and developmental disabilities, a substantial 
proportion of the included studies examined students with 
learning disabilities or broader disability populations. These 
studies were retained when the instructional mechanisms 
were considered relevant to the development of functional 
numeracy literacy and potentially transferable to learners 
with significant cognitive support needs.

Explicit Instruction
Across the included studies, explicit instruction emerged as 
the most frequently reported and consistently effective instruc-
tional approach for supporting numeracy literacy among stu-
dents with intellectual and developmental disabilities. Studies 
employing explicit instruction consistently reported improve-
ments in arithmetic accuracy, procedural fluency, and math-
ematical problem-solving performance (Long et al., 2021; 
Hord, 2023; Fuchs et al., 2014).A recurring pattern across the 
literature was the use of systematic teacher guidance, model-
ing, guided practice, and corrective feedback. These instruc-
tional elements appeared to support learners’ interpretation of 
numerical symbols and mathematical language by reducing 
cognitive demands and increasing instructional clarity. Beyond 
improving computational performance, explicit instruction 
functioned as a scaffold that facilitated students’ access to 
numerical information and strengthened their ability to engage 
with numeracy as a functional literacy practice.The findings 
suggest that explicit instruction contributes not only to mathe-
matical achievement but also to the development of numeracy 
literacy by helping students understand, interpret, and apply 
symbolic numerical information in meaningful contexts.

Concrete-Representational-Abstract Instruction
The Concrete-Representational-Abstract (CRA) approach 
emerged as one of the most frequently reported instruc-
tional frameworks across the reviewed studies. Evidence 
consistently suggested that CRA instruction supported stu-
dents’ conceptual understanding of numerical relationships 
by facilitating movement from concrete experiences toward 
increasingly abstract symbolic representations (Bouck et al., 

Table 2. Distribution of studies by participant population
Participant Population Number of 

Studies (n)
Percentage 

(%)
Intellectual Disability (ID) 9 25.0
Developmental Disabilities (DD) 3 8.3
Learning Disabilities (LD) 15 41.7
Mixed Disability Samples 7 19.4
General Disability Populations 2 5.6
Total 36 100.0
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Table 3. Narrative synthesis coding framework and emergent themes
Theme Number of 

Studies
Representative Studies Numeracy Literacy Function

Explicit Instruction 6 Long et al. (2021); Fuchs et al. (2014); 
Hord (2023)

Supports interpretation and application of 
numerical symbols and procedures

CRA Instruction 5 Bouck et al. (2019); Park et al. (2016); 
Yıldırım&Yıkmış (2022)

Connects concrete experiences with abstract 
mathematical representations

Schema‑Based 
Instruction

5 Xin & Jitendra (1999); Jung et al. (2022); 
Gilley et al. (2023)

Facilitates organization and decoding of 
mathematical information

Structured Practice 
Interventions

4 Kleinert et al. (2017); Park et al. (2020) Develops fluency and automaticity in numerical 
processing

Technology‑Supported 
Instruction

8 Root et al. (2017); Morris et al. (2022); 
Shin et al. (2023)

Enhances access to numerical concepts through 
multimodal representations

Cooperative and 
Inclusive Approaches

3 Bornaa et al. (2023); Browder et al. (2012) Promotes collaborative construction of 
numerical meaning

Total 31* — —
*Several studies contributed to more than one thematic category

Table 4. Methodological quality of included 
studies (MMAT classification)
Quality Level Number of Studies Percentage (%)
High Quality 18 50.0
Moderate Quality 14 38.9
Low Quality 4 11.1
Total 36 100.0

2019; Park et al., 2016;Yıldırım&Yıkmış, 2022).A cross 
studies, CRA was particularly effective in teaching frac-
tions, arithmetic operations, and mathematical reasoning. 
A  common feature of successful CRA interventions was 
the use of multiple representations that enabled students to 
connect physical experiences with mathematical symbols. 
From a numeracy literacy perspective, these representations 
appeared to function as semiotic tools that helped learners 
interpret and construct meaning from numerical information. 
The reviewed studies therefore suggest that CRA instruction 
supports numeracy literacy development by strengthening 
students’ ability to navigate between concrete experiences 
and symbolic mathematical language.

Schema-Based Instruction

Schema-based instruction emerged across several studies as 
an effective approach for improving mathematical problem 
solving among students with disabilities (Jung et al., 2022; 
Gilley et al., 2023). Rather than focusing solely on com-
putational procedures, these interventions emphasized the 
recognition of underlying problem structures and the inter-
pretation of mathematical information. A consistent finding 
across studies was that schema-based approaches helped 
learners organize numerical information, identify relation-
ships among quantities, and select appropriate solution strat-
egies. Visual diagrams and graphic organizers frequently 
served as mediational tools that supported comprehension of 
mathematical “texts” and facilitated the translation of sym-
bolic information into meaningful representations. These 

findings indicate that schema-based instruction may support 
numeracy literacy by helping students decode, organize, and 
communicate numerical meaning.

Structured Practice Interventions

Structured practice interventions were consistently associ-
ated with improvements in arithmetic fluency and retrieval 
of mathematical facts. Across the reviewed studies, repeated 
opportunities for practice combined with immediate feed-
back appeared to strengthen students’ automaticity and con-
fidence when engaging with numerical tasks (Kleinert et al., 
2017). The findings suggest that repeated exposure to numer-
ical symbols and operations contributed to increased fluency, 
allowing learners to allocate greater cognitive resources to 
interpretation and problem solving. Consequently, structured 
practice interventions appear to support foundational compo-
nents of numeracy literacy by improving learners’ efficiency 
in processing numerical information. Systematic instruction, 
prompting procedures, task analysis, and repeated practice 
have been identified as evidence-based approaches for teach-
ing mathematics to students with significant cognitive dis-
abilities (Hudson et al., 2018).

Technology-Supported Instruction

Technology-supported interventions represented an emerg-
ing but promising category within the reviewed literature. 
Across studies, digital learning environments, virtual manip-
ulatives, video modeling, and augmented reality applica-
tions were associated with improvements in engagement, 
conceptual understanding, and participation in mathemati-
cal activities (Morris et al., 2022; Satsangi& Raines, 2022). 
A common feature of these interventions was the provision 
of interactive visual representations that supported students’ 
interpretation of numerical concepts. Digital tools fre-
quently enabled learners to manipulate mathematical rep-
resentations, receive immediate feedback, and engage with 
numerical information through multiple modalities. These 
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characteristics appeared particularly beneficial for students 
with intellectual and developmental disabilities, as they 
reduced cognitive demands while increasing opportunities 
for active participation and individualized learning. Across 
the reviewed studies, technology-supported approaches 
were most effective when integrated with explicit instruc-
tional guidance rather than functioning as stand-alone 
instructional tools. The evidence suggests that technology 
served primarily as a mediational support that enhanced 
access to mathematical concepts through visualization, 
interaction, and immediate feedback. From a numeracy 
literacy perspective, technology-supported interventions 
appeared to facilitate access to mathematical meaning by 
making abstract concepts more visible, interactive, and 
comprehensible. Consequently, digital instructional tools 
may support learners’ ability to interpret, understand, and 
apply numerical information in educational and every-
day contexts. Recent evidence further indicates that digi-
tal mathematics interventions can improve numerical and 
arithmetic performance among children with intellectual 
disabilities by providing structured, interactive, and individ-
ualized learning opportunities (David et al., 2025).

Cooperative and Inclusive Instructional Strategies
Cooperative and inclusive instructional approaches appeared 
less frequently than explicit instruction or CRA interven-
tions but nevertheless demonstrated positive educational 
outcomes. Across the reviewed studies, collaborative learn-
ing opportunities supported both mathematical performance 
and student engagement (Bornaa et al., 2023). Peer interac-
tion, collaborative problem solving, and guided discussion 
appeared to facilitate learners’ understanding of numerical 
concepts and mathematical language. These findings align 
with sociocultural perspectives that conceptualize learning as 
a socially mediated process. The reviewed evidence suggests 
that cooperative instructional environments may contribute 
to numeracy literacy development by providing opportuni-
ties for students to communicate, negotiate, and construct 
numerical meaning through interaction with others.

Summary of Intervention Approaches
Across the 36 included studies, several recurring instruc-
tional characteristics emerged irrespective of intervention 
type. Effective interventions typically incorporated struc-
tured teaching procedures, visual representations, scaffolded 
learning opportunities, repeated practice, and opportuni-
ties for active engagement. Importantly, the reviewed evi-
dence suggests that successful interventions did not merely 
improve arithmetic accuracy. Rather, they functioned as 
mediational supports that enabled students to access, inter-
pret, and apply numerical information more effectively. 
Explicit instruction, CRA approaches, schema-based inter-
ventions, technology-supported learning, and cooperative 
practices all appeared to facilitate learners’ engagement 
with numerical symbols and mathematical representations. 
Taken together, these findings support the view that effective 
mathematics interventions contribute to the development of 

functional numeracy literacy by strengthening students’ abil-
ity to understand, communicate, and use numerical informa-
tion in meaningful educational and everyday contexts.

DISCUSSION
A central finding of this review is that effective mathemat-
ics interventions did not merely improve computational per-
formance but also appeared to support the development of 
functional numeracy literacy. Across the reviewed studies, 
successful interventions provided learners with structured 
opportunities to interpret, understand, and apply numerical 
symbols in meaningful contexts. From a literacy perspective, 
arithmetic can be conceptualized as a symbolic language 
through which individuals communicate quantitative infor-
mation. Consequently, interventions such as explicit instruc-
tion, CRA approaches, and schema-based teaching may be 
understood as mechanisms that facilitate access to numerical 
meaning rather than solely improving arithmetic accuracy.
The present systematic review sought to synthesize research 
on mathematics intervention programs designed to support 
the development of basic arithmetic and related mathemat-
ical skills among students with intellectual disability and 
related disability populations. Overall, the findings indicate 
that structured, evidence-based instructional approaches are 
consistently associated with improved mathematical learn-
ing outcomes across disability-focused educational contexts. 
Among the instructional strategies most frequently identi-
fied in the reviewed literature were explicit instruction, the 
Concrete-Representational-Abstract instructional model, 
schema-based instruction, and structured practice interven-
tions. These approaches have been widely recognized in 
previous research as effective practices for improving math-
ematical learning among students with disabilities (Alhwaiti, 
2022; Jung et al., 2022; Long et al., 2021).The results of the 
review also support earlier meta-analytic and systematic 
research identifying structured mathematics instruction as a 
critical component of effective intervention for students with 
learning difficulties and disabilities (Gersten et al., 2009; 
Kroesbergen& Van Luit, 2003). Explicit and systematic 
instructional procedures appear particularly beneficial for 
learners with intellectual disability because they reduce cog-
nitive load, provide clear instructional guidance, and support 
the gradual development of mathematical reasoning skills. 
These findings are consistent with broader research in spe-
cial education, which emphasizes the importance of struc-
tured instruction, repeated practice, and scaffolded learning 
environments in supporting skill acquisition and retention.

The findings of the review also highlight the signifi-
cant role of the Concrete-Representational-Abstract (CRA) 
instructional model in supporting mathematical learning. 
CRA instruction facilitates the transition from concrete 
experiences to abstract symbolic reasoning by enabling stu-
dents to manipulate physical objects, represent mathemat-
ical concepts visually, and eventually work with symbolic 
notation. This progression appears to support deeper con-
ceptual understanding while reducing the cognitive load 
associated with abstract mathematical tasks. Several studies 
included in the review demonstrated that CRA instruction 
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improves performance in areas such as arithmetic opera-
tions, fractions, and algebraic reasoning (Bouck et al., 2019; 
Yıldırım&Yıkmış, 2022). These results align with broader 
research in mathematics education, which suggests that mul-
tiple representations of mathematical concepts can enhance 
both comprehension and long-term retention.The effective-
ness of CRA instruction may also be interpreted through a 
sociocultural lens. Consistent with Vygotskian perspectives, 
the progression from concrete manipulatives to abstract 
symbols provides scaffolded access to increasingly complex 
forms of representation. The visual and concrete supports 
used in CRA interventions may therefore function as medi-
ational tools that facilitate participation in numeracy prac-
tices and support the gradual internalization of mathematical 
concepts.

Another important finding concerns the effectiveness 
of schema-based instructional approaches. Schema-based 
instruction helps students identify structural similarities 
among mathematical problems and apply appropriate solu-
tion strategies. By organizing mathematical problems into 
recognizable categories, students can develop more efficient 
problem-solving strategies and reduce cognitive overload 
during complex tasks. This approach appears particularly 
beneficial for students with intellectual disability, who may 
struggle with transferring learned procedures to unfamiliar 
contexts. The reviewed studies indicate that schema-based 
instruction improves students’ ability to solve word problems 
and enhances their strategic understanding of mathemati-
cal relationships (Gilley et al., 2023; Jung et al., 2022). In 
addition to structured instructional approaches, the findings 
suggest that technology-supported interventions represent a 
promising area of development in mathematics education for 
students with intellectual disability. Digital learning environ-
ments, virtual manipulatives, augmented reality applications, 
and video modeling strategies have demonstrated positive 
effects on student engagement and conceptual understand-
ing. Technology-based instructional tools can provide indi-
vidualized learning experiences, immediate feedback, and 
interactive visualizations of mathematical concepts. These 
features may help address the diverse learning needs of stu-
dents with intellectual disability and support differentiated 
instruction within inclusive educational settings (Morris 
et al., 2022; Satsangi& Raines, 2022). The review also high-
lights the potential benefits of cooperative and inclusive 
learning environments. Collaborative instructional strat-
egies allow students to engage in shared problem solving, 
exchange ideas, and observe peer modeling of mathemati-
cal strategies. For students with intellectual disability, such 
environments may promote both cognitive development and 
social participation. Inclusive classroom settings can provide 
opportunities for peer interaction and differentiated instruc-
tion, which may enhance both motivation and academic 
achievement (Bornaa et al., 2023). These findings support 
broader educational frameworks that emphasize inclusive 
education and the importance of providing equitable learn-
ing opportunities for students with disabilities.

From a theoretical perspective, the results of this review 
support the integration of multiple learning theories in the 

design of mathematics interventions. Behaviorist princi-
ples such as reinforcement and repeated practice appear 
to support skill acquisition, while cognitivist approaches 
emphasize the development of conceptual understanding 
and strategic thinking. Constructivist and social construc-
tivist perspectives further highlight the importance of active 
learning, social interaction, and scaffolded instruction. 
Combining insights from these theoretical perspectives may 
help educators design comprehensive intervention programs 
that address both the cognitive and social aspects of mathe-
matical learning among students with intellectual disability. 
Despite the promising findings identified in the review, sev-
eral limitations in the existing research literature should be 
acknowledged. First, many intervention studies involve rela-
tively small participant samples, which may limit the gener-
alizability of findings. Second, the heterogeneity of research 
designs and intervention approaches makes direct compari-
sons between studies challenging. Third, many studies focus 
on short-term intervention outcomes, while longitudinal 
research examining the long-term impact of mathematics 
interventions remains limited. Future research should there-
fore aim to conduct large-scale studies that evaluate the 
sustained effects of mathematics interventions across dif-
ferent educational contexts. The findings of this systematic 
review suggest that effective mathematics interventions for 
students with intellectual disability should integrate struc-
tured instruction, multiple representations of mathematical 
concepts, scaffolded learning opportunities, and technol-
ogy-supported instructional tools. Despite differences in 
instructional format, the interventions reviewed shared sev-
eral common characteristics. Most successful approaches 
incorporated explicit guidance, visual representations, scaf-
folded learning experiences, and repeated opportunities for 
practice. These common elements may explain why instruc-
tional effectiveness was observed across otherwise diverse 
intervention models. Rather than functioning as indepen-
dent approaches, they appear to represent complementary 
mechanisms that support access to numerical meaning and 
reduce cognitive demands for learners with intellectual and 
developmental disabilities. The findings suggest that numer-
acy literacy should not be viewed as a narrow mathematical 
competence but as a broader communicative and functional 
capability. For students with intellectual and developmen-
tal disabilities, the ability to interpret numerical symbols, 
understand quantitative relationships, and apply mathemat-
ical information in everyday contexts represents an essen-
tial dimension of literacy and social participation. Effective 
interventions therefore contribute not only to mathematics 
achievement but also to learners’ broader capacity to engage 
independently with the demands of everyday life.

LIMITATIONS
Despite the valuable insights provided by this systematic 
review, several limitations should be acknowledged. First, 
the number of studies included in the review was relatively 
limited. Although the search was conducted across mul-
tiple major academic databases, including Scopus, Web 
of Science, ERIC, and Google Scholar, the final sample 
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consisted of thirty-six studies that met the inclusion crite-
ria. This relatively small body of literature may reflect the 
limited number of empirical studies specifically examining 
mathematics interventions for students with intellectual dis-
ability, particularly those focusing on basic arithmetic oper-
ations.In addition, the studies included in the review varied 
considerably in terms of research design, participant char-
acteristics, intervention duration, and outcome measures. 
This methodological heterogeneity made direct comparisons 
across studies difficult and limited the possibility of conduct-
ing a quantitative synthesis or meta-analysis. Differences in 
participant age groups, levels of intellectual disability, and 
educational contexts may also influence the reported effec-
tiveness of specific intervention approaches.Another limita-
tion concerns the methodological characteristics of many of 
the included studies. Several investigations employed small 
sample sizes or single-case experimental designs, which 
are commonly used in special education research. Although 
these designs provide valuable insights into instructional 
effectiveness at the individual level, they may restrict the 
generalizability of findings to broader educational popula-
tions. Future research would benefit from larger-scale studies 
that examine the effectiveness of mathematics interventions 
across diverse educational settings and student populations.
The time frame of the included studies also represents a 
potential limitation. The review focused on research pub-
lished between 2000 and 2025 in order to capture contem-
porary instructional approaches and recent technological 
developments in mathematics education. However, earlier 
research relevant to the topic may not have been included 
in the analysis. Furthermore, the review primarily examined 
studies published in English-language journals, which may 
have resulted in the exclusion of relevant studies published 
in other languages.Finally, the review focused specifically 
on interventions targeting basic arithmetic operations. While 
this focus allowed for a clearer synthesis of instructional 
approaches, it may have excluded studies examining broader 
mathematical domains such as geometry, measurement, or 
algebraic reasoning. Future systematic reviews could there-
fore expand the scope of analysis to include a wider range 
of mathematical competencies and intervention strategies.
An important consideration concerns the inclusion of stud-
ies involving learning disabilities in addition to intellectual 
and developmental disabilities. Although these populations 
differ in important cognitive characteristics, some inter-
vention findings were considered sufficiently transferable 
to justify inclusion within the broader narrative synthesis. 
Nevertheless, caution is warranted when generalizing find-
ings across disability categories, and future reviews may 
benefit from conducting separate syntheses for different dis-
ability groups.

CONCLUSION
Mathematical competence represents a fundamental compo-
nent of functional literacy and plays a critical role in indi-
viduals’ ability to participate independently in everyday life. 
For students with intellectual and developmental disabilities, 
the development of foundational arithmetic skills extends 

beyond academic achievement and is closely linked to auton-
omy, social participation, problem solving, and access to 
everyday experiences involving numerical information. The 
findings of this systematic review highlight the effectiveness 
of structured and evidence-based instructional approaches in 
supporting the development of functional numeracy literacy 
among students with intellectual and developmental disabil-
ities. Across the reviewed studies, successful interventions 
not only improved arithmetic performance but also enhanced 
learners’ ability to interpret, represent, and apply numerical 
information in meaningful contexts. Explicit instruction, 
the Concrete-Representational-Abstract (CRA) approach, 
schema-based instruction, structured practice interventions, 
technology-supported learning, and cooperative instructional 
strategies consistently emerged as valuable approaches for 
promoting mathematical learning and engagement. A recur-
ring finding across the literature was that effective inter-
ventions shared several common characteristics, including 
explicit guidance, visual representations, scaffolded learning 
opportunities, repeated practice, and active learner engage-
ment. These instructional elements appear to function as sup-
ports that help learners access numerical meaning, navigate 
mathematical symbols, and participate more effectively in 
numeracy-related activities. Consequently, successful math-
ematics interventions may be understood not only as tools for 
improving computational accuracy but also as mechanisms 
that support broader literacy development. The review further 
suggests that numeracy literacy should be conceptualized as 
a multidimensional construct that encompasses the ability to 
understand, communicate, and use numerical information 
in real-life situations. From this perspective, mathematics 
education for students with intellectual and developmen-
tal disabilities is not solely concerned with the acquisition 
of arithmetic procedures but also with enabling meaningful 
participation in educational, social, and community contexts. 
The evidence synthesized in this review supports the view 
that numeracy literacy is an essential dimension of functional 
literacy for students with intellectual and developmental dis-
abilities. By strengthening learners’ ability to understand, 
communicate, and apply numerical information, effective 
interventions contribute not only to academic success but 
also to greater independence, inclusion, and quality of life. 
Future research should continue to investigate innovative 
instructional approaches and emerging educational technolo-
gies while further exploring the relationship between numer-
acy literacy, functional outcomes, and lifelong participation.
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