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Abstract
Technology-based education of children with special needs has become the focus of many research works in recent years. 
The wide range of different disabilities that are encompassed by the term “special needs”, together with the educational 
requirements of the children affected, represent an enormous multidisciplinary challenge for the research community. In this 
article, we present a systematic literature review of technology-enhanced and game-based learning systems and methods 
applied on children with special needs. The article analyzes the state-of-the-art of the research in this field by selecting a 
group of primary studies and answering a set of research questions. Although there are some previous systematic reviews, it 
is still not clear what the best tools, games or academic subjects (with technology-enhanced, game-based learning) are, out 
of those that have obtained good results with children with special needs. The 18 articles selected (carefully filtered out of 
614 contributions) have been used to reveal the most frequent disabilities, the different technologies used in the prototypes, 
the number of learning subjects, and the kind of learning games used. The article also summarizes research opportunities 
identified in the primary studies.

Keywords Systematic review · Technology-enhanced learning · Game-based learning · Children with special needs · 
Primary education · Kindergarten

1 Introduction

Technology-enhanced learning [1] and related educational 
technologies are an important element in the education sys-
tem. Moreover, they have become particularly useful during 
the recent COVID-19 pandemic, by helping to maintain edu-
cative activity with the support of online teaching systems.

Children with disabilities form one of the most marginal-
ized and excluded groups in society, whose rights are gener-
ally ignored [2]. In recent years, the number of children and 
young people with disabilities has dramatically increased 
all over the world.

Previous research articles have presented literature 
reviews focused on children with special needs [3], inclusive 

education or technology and inclusion [4]. In [5], the authors 
present a systematic review of multi-device inclusive envi-
ronments. Our study is not limited to multi-device systems. 
Collaborative tools are the research topic of another review 
[6], which only analyzes contributions from the ACM Digi-
tal Library. Some authors have performed a similar study 
but focused on higher education [7]. In spite of the number 
of similar literature reviews, key questions such as what the 
most successful technology applied in the education of chil-
dren with special needs is, or what learning subjects receive 
the most attention of researchers, among others, have not 
yet been answered.

The main goal of this article is to analyze the state-of-
the-art of technologies used to support the learning process 
of people with special needs. The study is focused on edu-
cational activities for children in kindergarten and primary 
education (between 3 and 12 years old).

We start with the definition of a research method, and 
then define a set of research questions (RQs), performing 
a comprehensive literature search based on the goal of the 
research, and answering each research question by showing 
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the results. The systematic mapping presents a group of 
results in the form of tables and figures. These results can 
be useful for the research community that works in the field 
of technology-enhanced and game-based learning applied 
with children with special needs.

The structure of the article is as follows. Section  2 
describes the background and related work. Section 3 defines 
the research methodology applied in this study, and Sect. 4 
contains the answers to the research questions. Section 5 
includes a discussion of the results. After the discussion, 
Sect. 6 analyzes the limitations of this research. Finally, 
Sect. 7 presents the conclusions and lines for future work.

2  Background and related work

This section presents the key terms that are part of the main 
goal of this study. We have identified three main subsets: 
technology-enhanced learning, technology applied in the 
learning process of children with special needs, and game-
based learning and gamification in this context.

The term Technology-Enhanced Learning (TEL) refers 
to the use of technology to enhance the students’ learning 
process. The foundations and assumptions of technology-
enhanced student-centered learning environments are pre-
sented in [8].

Information and Communication Technologies (ICTs) is 
a term employed to stress the role of telecommunications 
supporting computer software that enable users to access, 
store, transmit and manipulate information.

ICTs are a key factor when dealing with the learning pro-
cess of people with special needs due to the advantages of 
involving psychologists, therapists, traumatologists, neurolo-
gists, etc. A review of seven educational technology journals 
from 1970 to 2011 in which ICTs are used to support learn-
ing activities for people with special needs is presented in 
[9].

The use of TEL in the learning process for people with 
autism is one of the most widely explored fields. The authors 
of [10] examine the current state of provision of learning 
technologies for autistic people and makes recommenda-
tions for the design of new technologies and the need for 
further research. Efforts to enhance the learning process for 
people with autism are not limited to software design. For 
instance, the ways in which ICTs are employed to perform 
technology-enhanced interventions for children with autism 
can be found in [11].

The assessment of educational activities is a key task to 
perform during the learning process. A systematic literature 
review of accessibility recommendations and practices con-
cerning interactive assessment tasks for Science, Technol-
ogy, Engineering and Mathematics (STEM) is carried out 
in [12].

Virtual Learning Environments (VLEs) provide a good 
way of performing learning activities because they can be 
used in both formal and informal learning scenarios. An 
analysis of the navigation and exploration of a virtual urban 
environment comparing autistic children with non-autistic 
children is presented in [13].

Surveys about how people with special needs interact 
with computers are also available. The authors of [14] con-
ducted a large-scale survey that collected computer usage 
information from the parents of approximately six hundred 
children with Down syndrome.

Serious games have proved to be an effective mechanism 
for improving learning processes. The potential of serious 
games as effective and engaging learning resources for peo-
ple with intellectual disabilities is presented in [15]. In addi-
tion, the authors of [16] combine elements of gamification 
with aspects of accessibility to conceptualize the challenges 
and possibilities associated with gamified instructional 
approaches. Gamification models are used in primary edu-
cation as a learning strategy. In [17], the authors explore the 
effect of digital games on students’ scientific competencies. 
In [18], the authors investigate the effectiveness of gamifica-
tion in teaching numeracy in primary school.

From a technological perspective, the usage of digital 
games in the learning experience of students with Intellec-
tual Disability (ID) is discussed in [19]. Technologies can 
be used to assist students with disabilities in accessing the 
information required to perform the learning process suc-
cessfully. For instance, AudioLink [20] is an interactive 
audio-based virtual environment for children with visual 
disabilities that supports science learning.

Considering these previous works, the experience of 
applying technologies in schools can be considered posi-
tive. However, a recent study [21] shows that technology is 
used to replicate past teaching practices.

The selection of related works presented in this section 
shows that (a) there is an actual interest in the research com-
munity to explore the possibilities of technology and gami-
fication in the education of children in general and children 
with special needs in particular, and (b) researchers and 
practitioners could benefit of studies that analyze how tech-
nology is been applied in the learning process of children 
with special needs.

3  Research methodology

This section describes the research methodology applied in 
this study, which has been adapted from different sources. 
The backbone has been taken from [22], and the final details 
have been inspired by [23].

Figure 1 shows the steps followed in the research method-
ology, and the main outcomes obtained in each step.
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3.1  Definition of research questions

As a first step in the methodology, we defined a set of 
Research Questions (RQs), which are listed in Table 1 .

3.2  Search conduct

After the definition of the RQs, we conducted several 
searches on the main research databases using selected key-
words related to the topic under study. The search strings 
used on each database can be found in Table 2.

Table  3 shows the number of articles found in each 
database. The total number of articles is 614, including 
duplicates.

3.3  Screening of papers for inclusion and exclusion

In this step we performed the screening of the papers 
obtained in the previous steps, to exclude those that are not 
considered relevant to answer the research questions.

The inclusion criteria were the following:

• The study should be written in English
• The study should be published between 2009 and Decem-

ber 2019
• The study directly answers one or more of the research 

questions of this study
• The study should clearly state its focus on children with 

special needs;

Fig. 1  Research methodology 
used in this systematic review

Table 1  Research questions

ID Research question

RQ1 What is the state of the contributions addressing the use of technology to support educational activities for 
children with special needs published between 2009 and 2019?

RQ1.1 How many academic studies on technology to support educational activities for children with special needs 
were published between 2009 and 2019?

RQ1.2 What are the publication channels used to publish studies on technology to support children with special needs?
RQ1.3 What is the quality of the selected contributions?
RQ2 What are the disabilities that have been the focus of the primary studies?
RQ3 What are the technologies applied to support educational activities for children with special needs?
RQ4 What kind of learning games are applied in the primary studies?
RQ5 What learning subjects are used in the primary studies?
RQ6 Are the interventions defined in the primary studies effective?
RQ7 What are the research opportunities identified in the primary studies?
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• The study should describe the elements and the approach 
used to implement technology-based systems in primary 
education.

• If the study has been published in more than one journal 
or conference, the most recent version is included

Among the exclusion criteria, we applied the following:

• Short papers
• Duplicate articles
• Articles not written in English
• Articles not focused on children with special needs in 

primary education
• Non-peer-reviewed articles, such as book chapters or 

technical reports.

Some of the criteria will have been successfully applied 
with the correct definition of the search string, which are 
included in the previous subsection. The rest of the criteria 
are applied by following the process described below (see 
Figure 2), which has been adapted from that of Dybå and 
Dingsøyr in [24]:

• Stage 1: Eliminate duplicates

– Download the references (citations in BibTex in our 
case) from each database

– Convert the BibTex files into JSON format via script-
ing

– Extract relevant information (title, DOI, type of con-
tribution), from each database separately

– Generate a single list by joining the results obtained 
from each database and eliminating duplicates taking 
the DOI as primary key

• Stage 2: Exclude studies on the basis of titles
• Stage 3: Exclude studies on the basis of abstracts
• Stage 4: Select studies by assessing their quality.

After performing the process described in Stage 1, the list 
of articles without duplicates contained 354 contributions.

The second stage was performed by two groups of two 
researchers, working separately and comparing the results 

Table 2  Search string used on each database

Database Search string

ACM digital library Title:(((“children”OR “student”) AND ((special AND need*) OR “disability”) AND (“education” OR “learning”) AND 
(“game”))) OR Abstract:(((“children” OR “student”) AND ((special AND need*) OR “disability”) AND (“education” 
OR “learning”) AND (“game”))) OR Keyword:(((“children” OR “student”) AND ((special AND need*) OR “disabil-
ity”) AND (“education” OR “learning”) AND (“game”))) “filter”: ACM Pub type: Research article, Publication Date: 
(01/01/2009 TO 12/31/2019), ACM Content: DL, NOT VirtualContent: true

IEEE xplore (((“children” OR “student”) AND (“special needs” OR “special need” OR “disability”) AND (“education” OR “learning”) 
AND (“game”))) Filters Applied: Journals and Conferences 2009 - 2019

ISI web of science (TS=((“children” OR “student”) AND ((special AND need*) OR “disability”) AND (“education” OR “learning”) AND 
(“game”))) AND IDIOM: (English) AND TYPE OF DOCUMENT: (Article) Period 2009-2019

ScienceDirect Title, abstract, keywords: ((“children” OR “student”) AND (“special needs” OR “special need” OR “disability”) AND 
(“education” OR “learning”) AND (“game”) Filters: 2009-2019 Research articles

Scopus TITLE-ABS-KEY ( ( “children” OR “student” ) AND ( (special AND need*) OR “disability” ) AND ( “education” OR 
“learning” ) AND ( “game” ) ) AND ( LIMIT-TO ( DOCTYPE , “cp” ) OR LIMIT-TO ( DOCTYPE , “ar” ) ) AND ( 
LIMIT-TO ( SUBJAREA , “COMP” ) ) AND ( LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 
) OR LIMIT-TO ( PUBYEAR , 2017 ) OR LIMIT-TO ( PUBYEAR , 2016 ) OR LIMIT-TO ( PUBYEAR , 2015 ) OR 
LIMIT-TO ( PUBYEAR , 2014 ) OR LIMIT-TO ( PUBYEAR , 2013 ) OR LIMIT-TO ( PUBYEAR , 2012 ) OR LIMIT-
TO ( PUBYEAR , 2011 ) OR LIMIT-TO ( PUBYEAR , 2010 ) OR LIMIT-TO ( PUBYEAR , 2009 ) )

Table 3  Number of articles found in each database (2009-2019)

Database Filter Papers

ACM digital library Research articles 14
IEEE xplore Journal and conference papers 123
ISI web of science journal and conference papers 168
ScienceDirect Research articles 15
Scopus Journal and conference papers 168
Total 614

Fig. 2  Screening of papers
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afterward. The titles of the 354 studies retrieved were read 
and any titles that clearly indicated that the article was out-
side the focus of this study were excluded. At the end of this 
activity 238 papers remained.

In Stage 3, some papers were excluded on the basis of 
their abstracts. This process was carried out in the same 
way as in the second stage. The abstracts were revised to 
exclude articles whose focus was not in line with the main 
goal of our research (is it applied to children with special 
needs? does it use technology? is it applied in educational 
settings?). At the end of this process, 140 articles remained.

The last stage in this phase consisted in assessing the 
quality of the remaining 140 articles by using a checklist 
adapted from [24]. This checklist consists of 11 questions 
about key aspects of the research, method, participants, data 
collection method, analysis, and findings. At the end of this 
stage, only 18 works were selected.

One of the important aspects when applying the filtering 
process is to determine who children with special needs are. 
A proper answer to this question can be found in [25].

The final collection of articles is the main outcome of 
the Screening of Papers stage. The complete list of primary 
studies can be found in 7, where the articles are ordered 
alphabetically.

4  Answering the research questions

Once we have the list of the primary studies, the next step is 
to answer the research questions.

4.1  RQ1 What is the state of the contributions 
addressing the use of technology to support 
educational activities for children with special 
needs published between 2009 and 2019?

In this section the primary contributions are analyzed to find 
the number of publications per year (RQ1.1), the main pub-
lication channels such as journals or conference proceedings 
(RQ1.2), and, finally, to identify the quality of the primary 
contributions (RQ1.3).

4.2  RQ1.1 How many academic studies 
on technology to support educational activities 
for children with special needs were published 
between 2009 and 2019?

The first research question analyzes the distribution of the 
primary contributions over the period 2009-2019. Figure 3 
shows the number of articles (vertical axis) distributed over 
the 10-year period (horizontal axis).

The data shown in Figure 3 reveals that there is no par-
ticular pattern in the distribution of the primary studies over 

the period 2009-2019, though over 45% of the primary stud-
ies were published in the last two years of this period. On the 
other hand, the number of related articles (n=354), after the 
elimination of duplicates, indicates a high degree of interest 
on this topic on the part of the research community.

4.3  RQ1.2 What are the publication channels used 
to publish studies on technology to support 
children with special needs?

This research question summarizes the publication channels 
of the primary studies. The list of journals and conferences 
used by the primary studies can be useful to other research-
ers working on similar topics.

Table 4 shows 11 journal articles (corresponding to 10 
journals) and 7 conference papers. The list of journals and 
conferences is diverse and there is only one journal with 
two primary studies (Universal Access in the Information 
Society).

A closer look at the list of journals allows us to categorize 
them according to the main topic of each journal. In the 
categorization we used the initials of each journal as they 
appears in Table 4:

• Accessibility (n=1): UAIS;
• Disabilities (n=2): ARID, ADD;
• Human-Computer Interaction (n=1): CHI;
• Health (n=2): ERPH, CMPB;
• Sensors (n=1): DSN;
• Multimedia (n=2): EC, MTA;
• Misc (n=1): TT.

The main topic was selected according to each journal’s title. 
Some of the journals can be grouped under a more general 
topic, and some journals share the same topic. For instance, 
UAIS, ARID, ADD and CHI share an interest in the more 
general area of Human-Computer Interaction. On the other 

Fig. 3  Publications per year (period 2009-2019)
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hand, the general area of Health is included in ARID, ADD, 
ERPH and CMPB.

There are 8 primary studies that have been published in 
international conferences (Table 4). The conferences can 
also be organized according to a main identified topic.

• Games (n=3): SeGAH, ITG and GEM;
• Learning (n=1): ECTEL;
• Human-Computer Interaction (n=1): Interact;
• Multimedia (n=1): ISM;
• Accessibility (n=1): ECCE.

In the conference grouping list we find the term “learning,” 
which is one of the keywords of this study. Also the term 
“games” is relevant among the conferences of the primary 
studies. The field of Human-Computer Interaction represents 
the main area of the primary studies.

4.4  RQ1.3 What is the quality of the selected 
contributions?

To answer this research question we define a quality indica-
tor, and to do so we assigned a relevance number, which is 
based on the PlumX metrics [26]. This indicator will help us 
to establish a quality metric, which is based on the citation 
count, the article usage data and the number of captures. To 
balance these measures, we applied the following formula to 
obtain a single value (1), where the citations represent 60%, 
the usage represents 20% and the captures represent 10%.

Table 5 shows the ordered list of primary studies according 
to our quality indicator. As expected, the most cited article 

(1)

relevance = 0.60 ∗ (cites∕MAX_CITATIONS)

+ 0.20 ∗ (usage∕MAX_USAGE)+

+ 0.10 ∗ (caption∕MAX_CAPTURE)

Table 4  Primary studies by 
journal and conference

Title n PS

Channel: Journal (n=10)
Universal access in the information society (UAIS) 2 P02, P05
Entertainment computing (EC) 1 P03
International journal of distributed sensor networks (DSN) 1 P04
Journal of applied research in intellectual disabilities (ARID) 1 P07
TechTrends (TT) 1 P08
International journal of environmental research and public health (ERPH) 1 P11
Multimedia tools and applications (MTA) 1 P12
Computer methods and programs in biomedicine (CMPB) 1 P15
Journal of autism and developmental disorders (ADD) 1 P17
International journal of child-computer interaction (CHI) 1 P18
Channel: Conference (n=7)
International conference on serious games and applications for health (SeGAH) 1 P01
IEEE international symposium on multimedia (ISM) 1 P06
European conference on technology enhanced learning (ECTEL) 1 P09
European conference on cognitive ergonomics (ECCE) 1 P10
IFIP conference on human-computer interaction (Interact) 1 P13
International conference on interactive technologies and games (ITG) 1 P14
IEEE games, entertainment, media conference (GEM) 1 P16

Table 5  Measuring the quality of the primary studies

PS Captures Citations Usage Relevance

17 1203 50 6107 0.529
11 208 16 89 0.110
01 66 20 0 0.109
06 98 17 0 0.099
15 261 11 398 0.098
04 302 8 745 0.095
08 117 10 984 0.084
10 111 12 0 0.075
18 132 10 264 0.073
05 54 7 355 0.049
09 49 8 0 0.047
12 88 6 107 0.044
07 85 2 575 0.032
13 26 4 0 0.024
02 64 2 121 0.021
16 22 2 0 0.013
03 55 0 111 0.010
14 52 0 61 0.008



233Universal Access in the Information Society (2023) 22:227–240 

1 3

is the first item in the list according to our quality metric. 
The three MAX values have been taken from the third stage 
of the screening (140 articles), where MAX_CITATIONS 
is 120, MAX_USAGE is 10834 and MAX_CAPTURE is 
1447.

The quality indicator of Equation 1 could take into 
account those articles published during the last year of the 
period under study, since the number of citations require 
some time. In the same way, the data shown in Table 5 
represent the relative position of each primary study on the 
exact date when the data were captured. The three values 
(citations, captures and usage) increase with time until 
they reach a top value.

This metric reveals that PS17 can be considered a rel-
evant article with 50 citations, and it is also the refer-
ence article in captures and usage. The metric also reveals 
that there is a considerable distance between PS17 and 
the group formed by the primary studies 1, 11, 6 and 15, 
whose relevance is only around 20% of PS17.

4.5  RQ2 What are the disabilities that have been 
the focus of the primary studies?

This research question analyzes the disabilities that have 
been the object of research in the primary studies (Fig-
ure 4). Some authors prefer to use the term special need 
condition [6].

It can be observed that 36.4% of the articles focus on 
intellectual disability, followed by 22.7% for autism and 
18.2% for Down syndrome. On the other hand, very few 
articles focus on visual, hearing and motor disabilities. 
We could have considered Down syndrome as a specific 
kind of intellectual disability (ID), which would mean that 
this type of disability is addressed by up to 54.6% of the 
articles.

4.6  RQ3 What are the hardware technologies 
applied to support educational activities 
for children with special needs?

The goal of this research question is to find and classify 
the hardware technologies described in the primary stud-
ies. Figure 5 shows the different technologies applied in 
the primary studies.

Table 6 shows the primary studies grouped by technolo-
gies. It can be noted that over 31.5% of the primary studies 
base their prototypes on Microsoft Kinect [27].

Both, Figure 5 and Table 6 show one main hardware 
technology as reference in each primary study. However, 
some primary studies combine the mentioned technol-
ogy with another hardware and software component. For 
instance, PS04 uses sensitive resistors and pressure sen-
sors, PS05 uses an electric circuit together with a bracelet, 
and PS18 also uses a video projector. PS14 is a special 
case since it applies different educational games without 
the support of any hardware technology.

Fig. 4  Disabilities researched in the primary studies

Fig. 5  Main hardware technologies employed by the primary studies

Table 6  Technologies and primary studies

Technology Primary studies

Kinect PS03, PS07, PS08, 
PS09, PS12, 
PS16

Flash PS01, PS13
Web app PS02, PS11
Scracth PS05, PS06
Camera PS15, PS18
3D app PS16, PS17
Robot PS10
Arduino PS04, PS05
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4.7  RQ4 What kind of learning games are applied 
in the primary studies?

This research question summarizes the games used in the 
prototypes of the primary studies. Table 7 shows the learn-
ing game applied in each primary study, together with the 
associated goal.

Some 50% of the articles are focused on a cognitive thera-
peutic objective. Articles PS2, PS4 and PS8, focus on games 
to improve memory.

The following list summarizes the therapeutic goals pur-
sued by primary studies: Cognitive (n=9, 50%), Motor (n=6, 
33%), and Social (n=5, 27%).

It can be noted that cognitive skills are the main focus of 
50% of the primary studies. However, some games classi-
fied as cognitive could also be considered as social, as is the 
case of “Manage money” or “Identify fruits.” Therefore, the 
distinction between groups is quite subtle.

4.8  RQ5 What learning subjects are used 
in the primary studies?

The aim of this research question is to find out what are the 
learning subjects or academic areas that were the focus of 
the attention in the primary studies (Table 8).

Table 8 shows the learning subject as it appears in each 
article (column 2). In the third column we have added an 
Area, which groups similar learning subjects. For example, a 

set of learning subjects whose main goal is communication, 
basic hygiene, money management, etc. have been grouped 
under Civics Education.

There are fuzzy limits between groups. For instance, 
money management skills has been considered as Civic 
Education, but it could also have been considered as 
Mathematics.

4.9  RQ6 Are the interventions defined 
in the primary studies effective?

This research question has the goal of analyzing to what 
extend the interventions proposed in the primary studies are 
effective.

Table 9 shows a list of results selected from each pri-
mary study. The selection was based on their relevance to 
the objective of this study. Several primary studies claim 
their prototypes help children to improve learning (01, 03, 
05, 06, 07, 08. 09, 10, 12, 13, 15, 17, and 18). The rest of the 
contributions indicate their intervention promotes motiva-
tion (02, 04, 11, 14, and 16), which is also a result observed 
in the first group of articles.

4.10  RQ7 What are the research opportunities 
identified in the primary studies?

The goal of this research question is to enumerate research 
opportunities in the primary studies (Table 10).

Table 7  Learning games and therapeutic goals in the primary studies

PS Therapeutic goal Learning game

01 Cognitive Shapes
02 Cognitive Memory, logic sequences
03 Cognitive, social 

and motor games
Circles, Classifier, Arrows

04 Cognitive Memory, math, twin match
05 Cognitive Identify fruits
06 Cognitive Manage money
07 Social Soap and water
08 Cognitive Unboxit, Melody tree
09 Motor Walks
10 Motor Cause and effect, imitation game, turn take
11 Cognitive Manage money
12 Motor, cognitive Coordination exercise
13 Social The Natomy’s Journey Game (audio)
14 Social Magic Potion, storytelling educational 

game; Street Pirates, a platform game
15 Motor 3D Role Game
16 Motor, Cognitive Match shapes
17 Social Recognition game
18 Motor, Social Circle-Run, Constellation Game

Table 8  Learning subject in the primary studies

PS Learning subject Area

01 Mathematics skills Mathematics
02 Cognitive learning Study Skills
04 Cognitive and learning skills Study Skills
05 Alternative communication system Civics Education
06 Concept of money Civics Education
07 Hand hygiene Civics Education
08 Short-term memory skills and emotional 

stage
Study Skills

09 Enhance motor performance Physical Education
10 Social interaction Civics Education
11 Money Management Skills Civics Education
12 Numbers, Shapes, Handwriting Mathematics
13 Science learning Natural Sciences
14 Self-determination, engagement and moti-

vation
Leadership

15 Peripheral device Physical Education
16 Improve both cognition and motor skills Physical Education
17 Social competence Civics Education
18 Interpersonal interactions among children Civics Education



235Universal Access in the Information Society (2023) 22:227–240 

1 3

As can be observed in Table 10, most of the primary 
studies propose future research directions related to their 
presented study (02, 03, 04, 05, 07, 09, 11, 12, 13, and 16). 
In some cases, the proposal is to increase the sample size 
(01, 02, 11), the scope (11, 17), or to perform long-term 
studies (08, 09, 18).

5  Discussion

This systematic mapping review has allowed us to select 18 
primary studies out of 354 articles. The selected primary 
studies were focused on the main goal of this study, which 
is the use of technology-enhanced and game-based learning 
for children with special needs. We only considered research 
studies on children in kindergarten, primary and secondary 
education levels.

Regarding the state of the contributions in this field 
(RQ1), considering the number of publications in the last 
10 years, we can conclude that there is a growing interest in 
the research community (RQ1.1). The channel of dissemi-
nation (RQ1.2) preferred by the primary studies is journals, 
whose main scope is related to the fields of Human-Com-
puter Interaction, Accessibility, and Health. However, the 
primary studies belong to a variety of journals, which cov-
ers fields ranging from software applications to hardware 

systems, showing a multidisciplinary nature. The conference 
papers, according to our quality indicator (based on captures 
and usage), draw less attention from the readers (RQ1.3).

Research question 2 (RQ2) focuses on the hardware tech-
nologies used in the primary studies. The number of proto-
types that make use of Kinect [27] is relevant, which can be 
useful for future works in this field. It is worth to highlight 
the little use made of visual patterns such as QR-codes. We 
can also highlight that there is not a single prototype that 
makes use of NFC/RFID, a technology that is quite popular 
and widely available in mobile devices. It is striking that 
there are no prototypes based on tablets or smartphones. 
Finally, we can also point out the little use made of sensors 
and, in general, wearable devices.

The next research question (RQ3) analyzes the disabilities 
addressed in the primary studies. The main interest (77.3%) 
of the primary studies is focused on intellectual disabil-
ity, autism and Down syndrome. Some other disabilities 
have received minor attention (motor, visual and hearing 
impairment). This fact points to new possibilities for future 
research. The attention received by autism is noteworthy, 
and similar results were reported in [6], although in our 
study, autism is the second disability.

As explained in Sect. 2, in this research we have only 
considered articles focused on children with a well-defined 
disability (according to [25]). However, during the screening 

Table 9  Research accomplishments in the primary studies

PS Research accomplishment

01 Participants improved their understanding of fractions.
02 Young people with severe Down Syndrome (DS) may not be motivated enough to use digital games on their own. Young DS people with 

average concentration ability are engaged by accessible (well-designed) games.
03 The designed video-games combined with embodied interaction, teacher instruction and a turn-taking modality helped the students to train 

abilities in the motor, cognitive and socio-emotional domains.
04 The system had very positive effects on the children, in terms of cognition and motivational levels.
05 The interactive panel helps children with special needs to achieve learning goals.
06 We have obtained a very positive response by using digital story-telling techniques in their learning process.
07 The parents considered the video game was very useful and it had helped their children learn the hand hygiene skills effectively.
08 Gains in short-term memory ability.
09 Improvements in children’s motor performance, particularly psychomotor ability and psychomotor speed.
10 The interaction with the robots seemed to have in general a positive influence on the development of the children’s social skills.
11 People suffering from DS and other ID respond in a very positive way to the application developed and also to the multi-touch device used.
12 The results showed that the students will be able to use the computer while simultaneously improving their digital competence, and cogni-

tive and physical skills.
13 The results of this study provide initial data and evidence that the use of video games such as The Natomy’s Journey Game can improve 

school integration process for learners with visual disabilities.
14 Using games as a tool of change and intrinsic motivations, seemed to be a dynamic and promising methodology.
15 It enables people to learn diverse contents, contributing to social and educational inclusion.
16 The results show a great response as both children and their supervisors at the rehabilitation center, where we conducted the test, were 

happy enjoying the system and showed great enthusiasm for using the game as a training tool.
17 The results demonstrated that the social competence curriculum was delivered with fidelity in the 3D virtual learning environment.
18 It was verified that the visual aid has the capacity to modify students’ running behavior.
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process, many articles with technology-based proposals to 
help children with learning problems were excluded.

The research outcomes show the interest of primary stud-
ies in intellectual disability (ID). As a consequence, over 
50% of the learning games (RQ4) used in the primary stud-
ies have cognitive goals, followed by motor and social goals. 
Some games have been designed to pursue different goals 
(motor and social, or cognitive and social), which, on the one 
hand, has the advantage of improving several skills with the 
same game and, on the other hand, makes it difficult to ana-
lyze the effect of the game concerning different conditions.

Among the prototypes that focus on cognitive aspects, 
games to improve memory and learning geometric figures 
stand out. To a lesser extent, games to teach money and 
fruit management also stand out. However, no prototypes of 
games were found with the aim of learning colors, letters, 
numbers, mathematical operations, etc. Likewise, no proto-
types were found with the aim of learning about nature, the 
environment or geography.

Research question 5 analyzes learning subjects in the 
primary studies. According to the results, it is difficult to 
find works with the aim of improving some of the subjects 
included in the primary school curriculum, on the contrary, 
most of them are focused on therapeutic aspects. By ana-
lyzing the results, we can see that the main focus is on the 
area that we have called Civics Education, with 7 primary 
studies focused on it. Among the traditional subjects only 
Mathematics and Natural Sciences appear. Another impor-
tant group of primary studies is focused on cognitive skills. 
According to these findings, we can conclude that our study 
has detected a possible gap within this field, namely works 
that address subjects in the official curriculum in primary 
and secondary education.

Research question 6 shows a selection of accomplish-
ments extracted from the primary studies. We can point 
out that some primary studies use conditional sentences 
to express their findings, which could indicate a non-con-
clusive result. One of the most common results is that the 

Table 10  Research opportunities in the primary studies

PS Research opportunity

01 Repeat the investigation on a larger sample over a greater number of sessions in the future.
02 Perform additional usability tests with the support of special-needs teachers at school, and with regular training, to investigate the effective-

ness of the web platform in supporting cognitive function. Extend the target population to embrace not only the previous sample (children 
and adolescents) as a follow-up, but also including adults with DS.

03 Future work seeks to deepen the analysis into each described domain, adding new features to the framework allowing the collection data 
regarding the player’s performance during every game level.

04 Assess the benefits of the edutainment system according to the participants’ knowledge in a normal class to understand whether the system 
improved learning in other aspects of their education.

05 Include the parents in the system, evaluate the children when playing at home and sharing a natural interaction with their parents; develop 
low cost technology prototypes for children with special needs to provide both professionals and children with a better interaction and an 
improved support for learning.

06 Development of more educational games to help patients overcome the social, educational, verbal and behavioral problems.
07 Develop a more technically robust system combined with additional attractive games.
08 Track progressive improvement of skills over time and increase difficulty. Additional use of technologies such as bio-signal sensors, wear-

able body sensing equipment and EEG (brain waves) and inform a potential practical framework for embodied learning. The enactment 
of embodied learning using motion-based technology (e.g., Kinect-based educational games).

09 Use clusters of participants with very similar needs to get specific skills clustered. Explore the impact of Kinect-based games on different 
clusters of participants. Investigate whether any competence developed during the program lasts beyond its duration or even transfers to 
other domains.

11 Development of new Serious Games to work on other abilities and skills; assess the application orienting it to wider groups of users, such 
as people without disabilities, and compare the results of different collectives; add a wider variety of coins and notes into the games; and 
design and develop activities oriented to a real scenario, such as shopping in the supermarket.

12 Create new game configurations to perform new studies.
13 Extend the system to new scenarios providing variations.
14 Validate the results by using a quantitative methodology. Analyze the data trying to observe different relations between parameters regard-

ing learning outcomes, intrinsic motivation and self-determination especially regarding communication and soft skills.
15 Provide access for people with mobility limitations to a serious game to enable learning diverse contents, contributing to social and educa-

tional inclusion.
16 Develop more games and levels to cover children with Down syndrome with both cognition and motor skills training needs. In addition, 

plan to involve game scenarios for teaching children to avoid dangerous items such as sharp tools and fire.
17 Increase the scope of the study.
18 Provide long-term support for students with special needs and realize a model of inclusive education.
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technology used in each prototype motivates and encour-
ages children with special needs (5 out of 18), which could 
be considered a good but minor result. Future studies of 
technology-enhanced learning in children with special needs 
should focus on improving learning activities and methods, 
with motivation being a big first step on this road.

The last research question (RQ7) analyzes the research 
opportunities described by the primary studies. Some 
articles suggest performing the research on a larger sam-
ple, although it is not easy to find a large group of chil-
dren with special needs. Some articles suggest performing 
long-term studies (PS02, PS08, PS13, and PS18). PS06 and 
PS11 highlight the need to develop more educational and 
serious games. In the primary study 08, the authors point 
out the opportunity to use bio-signal sensors and wearable 
devices, aspects that were also mentioned in the discus-
sion of research question 2. Regarding the research method 
employed, PS14 indicates that future validations should use 
quantitative methods. This could apply to those articles that 
base their findings on subjective qualitative methods.

Finally, it is possible to identify promising research lines 
by crossing the results obtained in this study. For instance, 
a research line could focus on crossing RQ2 and RQ3 to get 
a connection between technology (device or software) and 
type of disability, which could identify the most suitable 
technology for a particular disability. Another interesting 
point could be to identify the capabilities needed in future 
gadgets to be used in special education. We think our study 
can contribute to this goal by generalizing some of the capa-
bilities that have been successfully applied in children with 
special needs

6  Validity of the study: limitations 
and threats

Any research work involves a series of validity threats and 
limitations ([28–30]). In this section, we analyze them and 
describe the strategies followed to reduce their effects. 
The validity of this study has been assessed by applying 
the validity framework presented in [29]. This assessment 
covers the following aspects: (a) validity of construction, 
(b) external validity, (c) internal validity, and (d) validity 
of conclusion.

The validity of construction refers to the correctness of 
the measures used for the concept under study [28] [29] [30]. 
To reduce this threat, we defined a data collection process 
to ensure the correct selection of items (e.g., inclusion and 
exclusion criteria), which was used to filter the contributions 
according to the criteria defined. To guarantee the coherence 
of the process and manage this threat, one of the authors 
was in charge of auditing the protocol throughout the whole 
process. If any inconsistency was found, the process was 

repeated from the beginning. The protocol required three 
iterations to reach the final set of primary studies.

The external validity refers to the extent to which the 
results of the study can be generalized [28] [29]. To know 
to what extend the results of a study can be generalized, it is 
extremely important to describe the context of the research 
[31, 32]. To minimize the impact of this threat, we applied 
a rigorous research methodology by adapting the guidelines 
in [22], and we performed the extraction of data (data col-
lection procedures) by following the guidelines in [28] and 
[24].

The internal validity refers to the fact that researchers 
may not be aware of the connections between the different 
aspects under study when analyzing causal relations among 
them. In this study, this has not been a real threat as the 
different factors under investigation are presented indepen-
dently and the relationships among them are explicit.

The validity of conclusion refers to the influence intro-
duced by the researchers in the analysis of the data. This risk 
cannot be completely avoided, though it has been reduced 
by taking the following measures: (a) four researchers par-
ticipated in the analysis of the primary documents; (b) we 
conducted a complete audit of the process that filtered 614 
documents to identify the 18 primary documents; (c) as 
stated above, the 140 relevant articles (Stage 4 of the screen-
ing) were reviewed by at least two authors, and the conclu-
sions drawn from the analysis of the 18 primary studies were 
checked by all the authors.

Apart from these four validity threats, we also have to 
consider the bias in the findings related to the fact that posi-
tive research results are more likely to be published than 
negative results [33]. In this study, this kind of bias has a 
minimal effect as the objective of the study is to present the 
outcomes of a systematic review of technology-enhanced 
and game-based research applied on children with special 
needs in primary education. However, we recognize that the 
publication bias could have affected our results with respect 
to the benefits and challenges of using technology with chil-
dren with special needs.

We have limited the research study to the period 2009-
2019, which could also be considered a limitation as we 
have not included the most recent contributions in this field 
published in 2020.

The data sources and their publication channel may also 
produce bias in the outcomes. In this work we have used 
the following research databases: ACM digital library, IEEE 
Xplore, ISI Web of Science, Science Direct and Scopus, 
since it is well known that these sources contain most of 
publications and have been used in similar approaches in 
literature reviews in areas such as software engineering ([23, 
34]).

Other types of research works such as scientific studies, 
short articles, experience reports and assimilation studies, 
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which are not peer-reviewed, were excluded, as they usu-
ally present work in progress or preliminary studies whose 
relevance in the field is considered low.

There is an alternative method proposed in [35] for con-
ducting Systematic Literature Reviews that could be worth 
exploring.

7  Conclusions and future work

This systematic mapping study of technology-enhanced 
and game-based learning for children with special needs 
is based on a selection of 18 articles out of a total of 354 
papers published during the period 2009-2019. The primary 
studies are distributed over the period, although the last two 
years account for almost 50%, which shows the current and 
increasing interest of the research community in this field.

Among the findings, we can highlight the considerable 
importance given to Intellectual Disability (ID), Autistic 
Spectrum Disorder (ASD), and Down Syndrome by the 
primary studies. As far as technological devices are con-
cerned, the Microsoft Kinect device is the most commonly 
used hardware platform, followed by different software apps. 
Over 45% of the prototypes found in the primary studies 
are focused on improving cognitive skills. Improving social 
skills in children with special needs is also relevant. Regard-
ing the learning subject, it can be observed that Mathematics 
(numbers, geometric shapes, money management) and Civic 
Education are the most frequent academic areas of interest. 
The article also enumerates a list of research opportunities 
that could be the seed for future research works.

The research method includes a thorough analysis of the 
limitations of the research method applied. For instance, the 
study shows the relative relevance of the primary studies 
among the selected group of contributions from the screen-
ing (n=140 in Stage 3), which is used to measure the quality 
of the contributions.

A systematic review is a research activity that should pro-
mote and inspire new lines of research. In the course of this 
article, different areas to explore in future works have been 
pointed out, such as the disability under consideration, the 
most common hardware devices used in prototypes, the aca-
demic subject that should be improved, or the learning game 
used in the research. All these aspects offer new research 
possibilities, some of which can be found in the correspond-
ing section of this article.
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