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Abstract

Students with disabilities are being encouraged to achieve high academic standards
in science education to understand the natural world, acquire life skills, and experi-
ence career success. To this end, digital technology supports students with disabili-
ties in order for them to achieve science literacy. While relevant research has pre-
sented evidence-based practices to teach science content, the role of technology has
yet to be clearly defined in teaching and learning processes. This article presents a
systematic literature review on the contribution of technology in science education
for students with disabilities. A total of 21 journal articles, during the 2013-2021
period, were identified after an exhaustive search in academic databases. The edu-
cational context and learning outcomes of these 21 empirical studies were analyzed.
The results show that increased motivation was the main contribution for using dig-
ital technology in science education. Positive learning outcomes likely depend on
the way digital technology is used, i.e., affordances of each specific technological
implementation. Digital technology and its affordances are recommended among
other quality indicators for evidence-based research designs in digitally supported
learning environments for students with disabilities.

Keywords Science education - Digital technology - Affordances - Disabilities -
Quality indicators

P4 Georgia latraki
g.iatraki@uoi.gr

Tassos Anastasios Mikropoulos

amikrop@uoi.gr

Department of Primary Education and Director of the Educational Approaches to Virtual
Reality Technologies Lab, University of Ioannina, loannina, Greece

Department of Primary Education, University of loannina, GR 45110 Ioannina, Greece

@ Springer


http://orcid.org/0000-0003-4489-2058
http://orcid.org/0000-0003-2940-3527
http://crossmark.crossref.org/dialog/?doi=10.1007/s10639-022-11317-9&domain=pdf&date_stamp=2022-9-28

3912 Education and Information Technologies (2023) 28:3911-3935

1 Introduction

Science is a challenging yet core content area for all students. The development of
science literacy, “the ability to engage with science-related issues, and with the ideas
of science, as a reflective citizen” (OECD, 2019, p. 100), is based on the argument
that a twenty-first century effective workforce requires a certain amount of scientific
knowledge (Roth & Lee, 2004). The National Research Council (2013) has pub-
lished science standards and expectations across educational curricula to address
the specific need for natural world understanding. Science literacy is important for
decision-making in one’s personal and social life (National Academies of Sciences
Engineering and Medicine, 2017), as well as to “identify misinformation in every-
day life” (Sharon & Baram-Tsabari, 2020, p. 873). Educators agree that scientific
literacy is an important outcome from the schooling experience (Collins et al., 2017).
Scientific literacy is also a basis for employment and participation on democratic
decision-making on science-based community issues for both students with and with-
out disabilities (Yacoubian, 2018).

1.1 Science Education for students with disabilities

As a growing number of students with disabilities attend science classrooms across
general education settings, they continue to perform significantly lower than their
peers without disabilities (National Center for Education Statistics, 2019). To achieve
educational access, make progress in inclusive settings and reduce daily struggles,
students with disabilities require equal cognitive opportunities and positive attitudes
as their typically developing counterparts to motivate their participation (Soulis et al.,
2016; Stiles et al., 2017). Styles et al. (2017, p. 15) highlighted the need for leaders’
engagement with case studies and discussions of instructional practices that promotes
science learning to all students. For example, Jimenez et al., (2014) conducted a study
to enhance understanding of research-based instructional practices regarding general
curriculum in science classroom including students with intellectual disability. By
giving equitable opportunities to students with disabilities to achieve high academic
standards in science education, they benefit in class as well as later in college, and
experience career success as adults (National Research Council, 2013). Students
also acquire knowledge to understand the natural world and gain functional skills
enabling this special population to adapt in society (Spooner et al., 2011). Since 1992,
Mastropieri and Scruggs showed that students with disabilities can learn science, and
furthermore apply their knowledge (Mastropieri & Scruggs, 1992). Research on sci-
ence education aligns with National Research Council standards (2013) suggesting
that students with severe disabilities should receive full educational opportunities in
general education classes. Learning to use problem-solving strategies in acquiring
cognitive and social skills helps students with disabilities to achieve self-selected
goals and future work behavior (Agran et al., 2002).

In 2007 Courtade and colleagues proposed that “the field of special education must
begin to think about how science can be taught to students with significant cognitive
disabilities” (p. 45). Since instructional models and strategies have an important role
in science education, researchers have started investigating their contribution. Sys-
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tematic instruction and consequent instructional strategies were found to be the main
approach for teaching science content to students with severe developmental dis-
abilities (Spooner et al., 2011) as well as students with multiple disabilities (Almalki,
2016). The literature analysis of 12 articles by Rizzo and Taylor showed that students
with disabilities can be enrolled in inquiry-based science education (2016). Rizzo
and Taylor identified guided inquiry and explicit instruction as an effective instruc-
tional model and strategy respectively. Two more recent reviews also suggest that
systematic instruction might result in positive learning outcomes for students with
Intellectual Disabilities (ID) and/or Autism Spectrum Disorder (ASD) (Apanasio-
nok et al., 2019; Knight et al. 2020). Science curricula and traditional educational
material such as textbooks make the learning process rather complicated for students
with disabilities. Research has shown that both science content and educational mate-
rial require certain adaptations to render these suitable for students with disabilities
(Browder et al., 2012; Courtade et al., 2007; Jimenez et al., 2010). Several ways to
adapt science content have been investigated such as developing targeted vocabulary,
focusing on real world application questions, improving science skills, and increas-
ing the comprehension of expository text (Knight et al., 2015). Consequently, and
because of these necessary adaptations, digital technology has been recommended as
an effective tool for students with disabilities (Vaughn & Bos, 2012). In their review,
Ramdoss et al., (2011) concluded that computer-based interventions can improve the
literacy skills of students with autism, especially when teachers consider students’
skills and preferences.

1.2 Digital Technology in Science Education for students with disabilities

Digital technology contributes to science education in special education. Teachers
use technology to support participation, motivate their students and reduce deficits
relevant to each disability. Parsons et al., (2004), note that digital technology contrib-
utes to social and communication development, areas where students with disabilities
tend to suffer. Digital technology also supports students with disabilities toward aca-
demic achievement. Harish et al., (2013) conducted a review on the impact of infor-
mation and communication technology in classrooms that involved students with
learning disabilities. The researchers reported that the positive learning outcomes
were based on the active construction of knowledge within motivating and engag-
ing educational settings that helped students to reduce memory deficits and remain
on task. Villanueva et al., (2012) searched the literature and demonstrated the types
of supports and scaffolds that students with special educational needs require to be
scientifically literate citizens. Almalki (2016) found that Computer-Assisted Instruc-
tion (CAI) and video modeling are two basic implementations of digital technol-
ogy which demonstrated evidence-based practices to teach science content. The six
review articles on science education for students with disabilities mentioned above
(i.e., Almalki 2016; Apanasionok et al., 2019; Courtade et al., 2007; Knight et al.,
2020; Rizzo & Taylor, 2016; Spooner et al., 2011) report only five studies where
digital technology was used in their interventions. Almalki (2016) located two stud-
ies that used technology in their interventions, while Apanasionok and colleagues
(2019) found three studies that used CAI.
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For any technological medium to be used effectively, one has to take advantage
of said technology’s affordances. An affordance is the property of objects or tech-
nologies that provides “important information about how people could interact with
them”, and “defines what actions are possible” (Norman, 2013, p. 16). Hence, the
affordances of a certain technology imply its learning affordances. Learning affor-
dances in turn describe “the tasks and activities a learner may enact, tasks that may
lead to learning benefits” (Dalgarno & Lee, 2010; Mantziou et al., 2018, p. 1740).
Thus, in any educational context supported by digital technologies, the affordances
and learning affordances respectively of that technology have to be taken into
account. For example, a multimodal way of representing information and interactiv-
ity are two central affordances of multimedia technology. Additionally, an educa-
tional multimedia application should follow a proper theoretical model such as the
Cognitive Theory of Multimedia Learning (CTML, Mayer 2001) and apply suitable
learning affordances. Thus, the multimedia application, together with relevant learn-
ing activities should use recommended combinations of words and pictures under the
student’s control to advance mental model construction.

Recently, Carreon and colleagues in their review (2022) indicated the neces-
sity of affordances in Virtual Reality (VR) interventions for students with disabili-
ties (Carreon et al., 2022). This was shown by the immersive qualities (which imply
affordances) of VR and their contribution to building academic skills in various
disciplines.

1.3 Research methodology and evidence-based practice

In 2003, the Council for Exceptional Children’s Division for Research questioned
the quality of scientific research in education. The Council identified four different
types of research designs tested in special education settings, based mainly on the
description of participants in the empirical studies. These are experimental group
designs, correlational group designs, single subject designs, and qualitative designs.
The experts proposed a certain quality indicator framework for each one of the above
designs to identify effective practices in special education. These quality indicators
“represent rigorous application of methodology to questions of interest” (Odom et
al., 2005, p. 141). In 2016, Cook and Cook also proposed four different research
designs, mainly based on the study’s purpose and population (Cook & Cook, 2016).
These designs are classified as descriptive, relational, experimental, and qualitative
approaches. Important to note is that the experimental design includes both group and
single case studies.

The quality of single case research studies is determined by seven indicators,
which involve a series of criteria (Horner et al., 2005). The quality indicators con-
cern the study’s participants and setting (three criteria), dependent (five criteria) and
independent variables (three criteria), the baseline phase (two criteria), experimental
control/internal validity (three criteria), external validity (one criterion), and social
validity (four criteria).

The quality indicators for group experimental and quasi-experimental research
include four essential and eight desirable indicators. The essential indicators concern
the description of participants, the implementation of the intervention, the outcome
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measures, and data analysis. The desirable indicators also concern the above items
but use different criteria (Gersten et al., 2005). Gersten and his colleagues suggested
that research studies of acceptable quality “would need to meet all but one of the
Essential Quality Indicators and demonstrate at least one of the quality indicators
listed as Desirable”, whereas high quality research “would need to meet all but one of
the Essential Quality Indicators and demonstrate at least four of the quality indicators
listed as Desirable” (Gersten et al., 2005, pp. 153, 162).

Qualitative research which consists of case studies, involves four quality indica-
tors. The interview component indicator consists of five criteria, while the observa-
tion component indicator includes six, document analysis covers four, and the data
analysis indicator consists of six criteria (Brandlinger et al., 2005). In 2007 Gersten
and Edyburn introduced a set of quality indicators for special education that involves
the use of technology, and especially digital technology (Gersten & Edyburn, 2007).
Technology cases are mentioned in eight areas of the 30 proposed quality indicators
and most importantly concern the “effectiveness of a particular technology”, as well
as the “instructional design of the technology intervention” (p. 6). This exposure indi-
cates the use of unique features of the specific technology used to design educational
interventions. The “effectiveness of a particular technology” implies the affordances
and learning affordances respectively of the technology involved in an intervention.

The five studies mentioned above that use digital technologies in science education
for students with disabilities together with the need for considering the affordances
of the technology used, raised concerns about the proper use of digital technology
in educational interventions. This in conjunction with the methodology followed in
special education settings for evidence-based practice, led us to this systematic lit-
erature review.

1.4 Purpose of this research

There are three main reasons that lead to this paper. First, the need for science lit-
eracy in students with disabilities, as in all students (Roth & Lee, 2004). Second, for
students with disabilities to assess the contribution of digital technology in academic
skill acquisition. Third, to evaluate the role of digital technology in interventions
demonstrating evidence-based practices.

This paper is a literature review that aims to reveal the contribution of digital
technology to science education for students with disabilities. This systematic review
allows researchers to critically assess how various implementations of digital tech-
nology are applied based on scientific content and instructional strategies, as well as
how various research designs generate valid empirical data. This review also helps
educators identify suitable technologies, as well as best use scenarios, considering
the situations they encounter in their classroom when teaching science content to
students with disabilities.

The research question in this systematic review is three-fold:

1. What is the educational context of technology-supported science education for
students with disabilities?
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2. What are the learning outcomes of digital technology-supported science educa-
tion for students with disabilities?

3. What is the research quality digital technology-supported science education for
students with disabilities?

2 Method
2.1 Selected databases

The following electronic academic databases were searched: ERIC, SCOPUS, Sci-
enceDirect, and Google Scholar with the following keywords and combination of
keywords: (“intellectual disability” OR autism OR ASD OR “learning disabilities”’
OR ADHD) AND (intervention OR teaching OR learning) AND (science OR physics
OR chemistry OR biology OR environment OR geography OR geology) AND (tech-
nology OR computer OR digital).

2.2 Inclusion criteria

1. The disabilities identified were Intellectual Disability (ID), Autism Spectrum
Disorder (ASD), Learning Disabilities (LD), and Attention Deficit Hyperactivity
Disorder (ADHD).

2. Each study should include at least one student with a diagnosed disability enrolled
in an institution (primary, secondary, postsecondary education).

3. The study should involve an intervention with the use of digital technology to
teach science content.

4. The studies selected should be empirical and published in peer reviewed journals
between 2013 and 2021 in the English language. First, the year of 2013 was
chosen because this was the year the National Research Council included sci-
ence literacy for students with disabilities among the “next generation science
standards” (2013). Secondly, the year 2013 was also chosen because the DSM-5
(Diagnostic and Statistical Manual of mental disorders, American Psychiatric
Association, 2013) was published in 2013, where the more recent definitions
and characteristics of disabilities are presented. In 2013, the DSM-5 established
the term “intellectual disability” thus replacing the terms “mental retardation”
or “cognitive disorder”. In addition, the term “autistic disorder” was replaced
by “autism spectrum disorder”. These new terms are also better aligned with the
ICD (World Health Organization’s International Classification of Diseases) and
other professional associations such as the AAIDD (American Association on
Intellectual and Developmental Disabilities). Third, the 2012 New Media Con-
sortium Horizon report highlighted that emerging technologies such as natural
user interfaces and Augmented Reality (AR) “are likely to enter” in both general
and special education (Johnson et al., 2012: 3). In addition, Arici and colleagues
(2019) in their review stated that from 2012 the use of technologies such as AR
have started showing a positive impact in both general and special education.
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2.3 Exclusion criteria
The review did not include:

1. Studies involving students with motor or communication disorders or behavioral
disabilities. The study focused on neurodevelopmental disabilities according to
the DSM-5, with onset in the developmental period and which include deficits
affecting functioning (American Psychiatric Association, 2013; Harris, 2014).

2. Research papers that were not written in English.

3. Research papers that have been published without a peer review process.

4. Research papers published outside journal articles.

2.4 Selection

Searches in ERIC, SCOPUS, ScienceDirect, Google Scholar returned a total of 761
records.

These records were reviewed, and duplicates were removed. The titles and
abstracts of the 761 records were screened to determine the final number of eligi-
ble papers. Studies which included the term “science” but referred to either Health
or Social Sciences were excluded. Records other than journal papers such as book
chapters, conference proceedings or abstracts were also manually excluded from the
selected databases that did not apply the appropriate filter. Following the above selec-
tion process, 85 journal papers were identified. The eligibility process then followed.
A consensus between the authors was achieved on the final number of records to
review. The full text of the 85 papers was screened to determine their eligibility for
inclusion. Although review articles were excluded, their reference lists as well as
the references of the 85 records were hand-searched for eligible articles. Articles
on STEM education were excluded. This was because the integrated STEM new
approach does not give emphasis on the disciplines involved but combines knowl-
edge and skills to solve real problems (Cavalcanti & Mohr-Schroeder, 2019; Thibaut
et al., 2018). Papers that did not concern an empirical study or did not implement
an intervention were also excluded. Finally, based on the rigorous selection process
a total of 21 studies were accepted. Figure 1 shows the study process in the Prisma
flowchart (Moher et al., 2009, 2015).

3 Results

The results are presented according to the research designs of the 21 empirical stud-
ies included in this review. Nineteen of the reviewed studies followed quantitative
designs (ten single-case and nine group research designs), and two were qualitative
case studies.
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Fig. 1 The systematic review flow diagram process

3.1 Quantitative single-case research design studies

Table 1 shows the 10 single case research designs. All the studies follow a single case
design and present quantitative results through the visual analysis of participants’
graphs. Each study covers at least two phases: the baseline phase and the intervention
phase. All studies present a functional relationship between dependent and indepen-
dent variables such as students’ academic basic science skills improvement. Thus,
due to the extent of association between variables, the studies provide causality. The
visual analysis of the results involves interpretation of the extent, trend, and variabil-
ity performance at baseline and during the intervention condition. The studies evalu-
ate the immediacy of the intervention, the proportion of overlapping data points,
changes to the dependent variable and the consistency of data patterns.

3.1.1 Participants and disabilities in single case designs

There were three participants in the six out of ten single case studies and four par-
ticipants in the remaining four. These numbers are in the proposed range of three to
eight participants (Horner et al., 2005). The disabilities of participants included ASD,
ID, ASD with co-occurring ID. One of the studies involved students with LD (Ciullo
et al., 2015), and another included students with SLD (Polat et al., 2019). There were
no studies identified that involved students with ADHD.
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Table 1 The reviewed single case research designs (SLD: Specific Learning Disabilities, MID: Moderate

Intellectual Disability)

Study  Participants/ Disability Technology  Academic Results/findings Quality
Setting content indicators
McKis- n=3 (age ASD CAI Geography:  Low functional relation- 21/21
sick 9-10) (multimedia) maps, map ship. Immediate posi-
etal, Resource symbols tive change.
(2013)  room Students liked the
intervention.
Smith  n=3 (age ASD CAI Biology: Functional relationship. 21/21
etal, 11-12) (multimedia) plant cell Students enjoyed the
(2013) Resource organs intervention.
room
Knight n=4 (age ASD/ID  e-text Biology: High scores. 21/21
etal, 11-14) amphibians,  Students enjoyed the
(2015) Resource reptiles intervention.
room
Ciullo n=4(grade LD,ID Concept Biol- Positive learning 21/21
et al. 4-5) maps as ogy: health,  outcomes. Students pre-
(2015) Resource graphic whales ferred digital concept
room organizers maps.
Mc- n=4 (age ID/ASD  Augmented Biology: cells Positive learning 21/21
Mahon 19-25) Reality and organs outcomes. Students en-
etal.,  Computer multimedia joyed the intervention.
(2016) lab
Knight n=4 (age MID e-text Biology: Functional relationship. 21/21
etal., 18-21) cells, Phys- Students found the
(2017) Resource ics: Newton’s intervention easy.
room first Law
Knight n=3 (age ASD/ID  Video Habitats, Functional relationship. 21/21
etal,, 7-11) prompting Geography:
(2018) Inclusive locations
classroom
McKis- n=3 (age ASD/ID  CAI Biology: Functional relationship. 21/21
sick 13-15) (multimedia) amoeba Students enjoyed the
etal,  Resource intervention and pre-
(2018) room ferred computers versus
textbooks.
Polat  n=3 (age SLD Tan- Biology: Positive learning 20/21
etal, 12-13) gible mobile animaland  outcomes.
(2019)  Resource application  plant cells Students enjoyed the
room intervention and found
the application easy.
Wood  n=3 (age MID e-text: Animal Functional relationship. 21/21
etal.  9-11) generating  habitats, Students found the
(2020)  self-con- questions human body, intervention favorable.
tained setting in a graphic ~ weather,
organizer rocks and
minerals,
energy and
motion,

properties of
matter

3.1.2 Technology used in single case designs

@ Springer



3920 Education and Information Technologies (2023) 28:3911-3935

Six studies used multimedia in their interventions. Multimedia refers to integrated
software applications that present information in multiple forms like text, graphics,
animation, sound, and video. Multimedia as instructional messages are “presenta-
tions involving words (such as spoken or printed text) and pictures (such as anima-
tion, video, illustrations, and photographs) in which the goal is to promote learning”
(Mayer, 2002, p. 56).

Three studies used CAI delivered as multimedia applications. McKissick and col-
leagues combined multimedia elements with hyperlinks to advance the slides in their
first study (2013), but not in the second one (2018). The third CAI intervention (Smith
et al., 2013) did not use hyperlinks because of the software tool used to create the
multimedia content. Two other studies (Knight et al., 2015, 2017) used multimedia
with hyperlinks to present vocabulary definitions in the form of e-text. The authors
used certain features recommended in specific “software design guidelines for creat-
ing individualized CAI for students with ASD” to develop their materials. In their
first pilot study the authors explored the use of free software tool Book Builder™
(BB) to create digital books according to learners’ individual needs. The purpose of
this pilot study was to evaluate the feasibility of BB (fidelity and stakeholders’ sat-
isfaction) and proof of concept by using different versions of the e-text. The authors
used BB as a multimedia platform with text to speech capabilities. In 2017, Knight
and colleagues used BB™ to create e-text to teach science comprehension to four
students with MID. These five studies (Knight et al., 2015, 2017; McKissick et al.,
2013, 2018; Smith et al., 2013) used multimedia, but they did not refer to Mayer’s
cognitive theory of multimedia learning to justify the use of this type of material in
educational settings (2001, 2002).

Three single case designs also used multimedia elements following different set-
tings (Knight et al., 2018; McMahon et al., 2016; Wood et al., 2020). McMahon et
al., (2016) used multimedia content in the form of a marker-based mobile AR appli-
cation. The augmented digital information included narrative, pictures, and video.
The authors justified the use of AR as a technology that “applies the principles of
Universal Design for Learning (UDL)” (McMahon et al., 2016, p. 40). Although
the authors referred to Mayer’s cognitive theory of multimedia learning, there was
no specific reference on the use of meaningful multiple representations in their edu-
cational material. Knight and colleagues (2018) studied the contribution of video
prompting to teach academic skills to three elementary students with ASD and ID.
The authors used the video prompting clips to teach and evaluate certain tasks. Wood
and colleagues (2020) used e-texts as the basis to investigate the ability of three
students with MID to generate and answer questions about science electronic texts.

Ciullo et al., (2015) used concept maps as graphic organizers to evaluate scientific
content acquisition and comprehension in three students with learning disabilities
and one with ID. The authors used the concept maps as cognitive tools and students
were requested to complete the gaps. One reason for choosing concept maps was
because they are “a practical tool for pairing with content-area text given the variance
of topics” (Ciullo et al., 2015, p. 120).

Polat and her colleagues (2019) combined physical objects with a digital yet tan-
gible mobile application to support learning in three students with SLD. They used
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such a system to bring “users one-step closer to the real world” (Polat et al., 2019,
p. 96).

3.1.3 Academic content, instructional design, and findings in single case designs

The academic content in eight of the 10 single case studies was Biology. As Table 1
shows five studies looked at various classes of animals (amphibians and reptiles,
whales, amoeba) and animal habitats (Knight et al., 2018; Wood et al., 2020). The
content in four studies focused on the structural and biological units of organisms,
such as animal and plant cells, and organs.

Two studies dealt with Geography. McKissick and colleagues (2013) investigated
students’ performance on maps and map symbols. Although the authors define Geog-
raphy as a social study, it was decided to include these two studies in the review
(Knight et al., 2018), since according to the International Standard Classification of
Education (2015), Physical Geography is defined as a natural science.

Physics was introduced in only one of the single case designs (Knight et al., 2017).
Knight and her colleagues evaluated supported e-text to teach the concept of force
and Newton’s first law to high school students with MID. They presented the magni-
tude of force as the reason for which objects change speed or direction. Their study
presented an image of a girl pushing or pulling a stool as a “force example” (“this is
a force”) and a still stool as a “non-example” (“this is not a force”). The authors did
not mention the two forces acting on the still stool, namely the force of gravity (the
stool’s weight) and the normal reaction of the floor that pushes the stool up (the force
of the surrounding air is not considered when studying Newton’s first law). Wood
et al. (2020) also presented Physics terminology, but in the context of science e-text
listening comprehension.

Regarding instructional design, eight out of the ten studies reported the teaching
strategy followed during their interventions. Seven referred to explicit instruction
(Ciullo et al., 2015; Knight et al., 2015, 2017; McKissick et al., 2013, 2018; Smith
et al., 2013; Wood et al., 2020). Ciullo and colleagues (2015) reported using explicit
together with systematic instruction (Ciullo et al., 2015). Wood and colleagues
(2020) referred to explicit with systematic instruction and constant time delay com-
bined with inquiry activities. McMahon and colleagues (2016) referred to systematic
instruction in their intervention with AR to teach cells and organs.

As far as learning outcomes are concerned, all the studies presented a functional
relationship between the dependent and independent variables investigated (see
Table 1). All interventions resulted in different positive learning outcomes, albeit
to a varying extent. All but one study presented positive data for social validity (see
Table 1). Where students were concerned, Knight and colleagues gave no data on
social validity. Instead, they presented positive data for the paraprofessionals and
teachers involved.

3.1.4 Evidence-based practice in single case designs

Nine of the ten single case studies fulfilled all the 21 criteria among the seven quality
indicators proposed by Horner and colleagues (2005). Polat and colleagues (2019)
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did not report on the interobserver agreement levels. The ten studies can be character-
ized as methodologically rigorous.

3.2 Quantitative group research design studies

Table 2 shows the nine quantitative studies that followed a group design.

Four of the nine group design studies included a control group together with pre
and post-tests to measure learning outcomes (King-Sears et al., 2015; Sudhakar,
2020; Terrazas-Arellanes et al., 2018; VanUitert et al., 2020). One of these four stud-
ies (King-Sears et al., 2015) also conducted a delayed post-test to check knowledge
retainment. The rest of the studies except that of Saad and colleagues (2015) used a
pre-post methodology, probably because of the difficulties regarding the homogene-
ity of subjects and ethical issues. Saad et al., (2015) compared two different CAI sys-
tems by using the same sample. Rathnakumar (2019) conducted a delayed post-test
to check knowledge retainment.

3.2.1 Participants and disabilities in group designs

Despite the differences among disabilities as well as among students with the same
disability, 41% of the reviewed studies followed a group research design. The num-
ber of subjects ranged from 6 to 276 students (See Table 2).

3.2.2 Technology used in group designs

Seven studies used multimedia systems or multimedia elements in their interventions.

Two of them applied integrated CAI systems. Rathnakumar (2019) developed a
system with pictures, words, and verbal hints on an iPad. The cognitive theory of
multimedia learning was the basis for the design of Sudhakar’s multimedia system
(2020). Saad et al., (2015) developed two versions of a multimedia application based
on Mayer’s cognitive theory of multimedia learning. Their first version was a static
system. The second was a dynamic application, where multimedia tutorials were
being automatically generated through machine learning algorithms. King-Sears and
colleagues (2015) created a series of multimedia videoclips from a slide presentation
applying the UDL principle to present information through multiple representations
and engage students. VanUitert et al., (2020) also used multimedia videos from slide
presentations. The authors created their multimedia content following the cognitive
theory of multimedia learning. Terrazas-Arellanes and colleagues (2018) applied the
Cognitive—Affective Theory of Learning with Media (CATLM, Moreno & Mayer
2007) to their multimedia online learning environment. Fatikhova & Sayfutdiyarova
(2017) combined 3D interactive graphics with other multimedia elements such as
inscriptions and sound presented on an interactive whiteboard.

The remaining two studies involved digital games. Marino and colleagues (2014)
designed their educational video game on life science aligned with UDL principles.
They incorporated multiple representations and interactivity aiming at students’
engagement and expression. Bossavit & Parsons (2018) co-designed their “aca-
demic-based” educational game with students with ASD. Aside from interaction with
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Table 2 The reviewed quantitative group research design studies (HID: High-Incidence Disabilities, OHI:
Other Health Impairment)

Study Participants/ Disability Technology Academic Results/findings  Quality
Setting content indica-
tors
Marino  N=57 (age LD Video games  Life science: No significant 13/13
etal., 10-14) cells, heredity  differences in essen-
(2014) Classroom and reproduc-  performance, tial, 8/8
tion bacteria high level of desirable.
and viruses, engagement.
plants
Saad n=100 1D, Down Multimedia Biology: Improved 10/13
etal., (mental Syndrome carnivore and  cognitive skills, essen-
(2015) age 8) herbivore increased learn-  tial, 5/8
Classroom animals ing motivation.  desirable.
King- n=19 HID (LD, Multimedia Chemistry: No significant 13/13
Sears (secondary ASD, mole differences, essen-
etal., students) emotional conversion IDEAS helpful  tial, 7/8
(2015) Classroom  disturbance, strategy. desirable.
Speech/
Language
Impairment,
OHI)
Fatikhova n=10 (age Mild ID 3D graphics Biology: Immediate posi- 11/13
& Sayfut- 15-16) with multime-  human skeleton tive results, essen-
diyarova  Classroom dia elements on students not tial, 6/8
(2017) IWB able to recall desirable.
terms, increased
interest.
Bossa- n=6 (age High Digital educa-  Geography: Increase 11/13
vit & 11-15) functioning  tional game countries in content essen-
Parsons ICT class ASD knowledge, high tial, 7/8
(2018) engagement, desirable.
motivation,
Enjoyment.
Terrazas- n=276 LD Multimedia Life science, No significant 11/13
Arellanes (middle online learning earth and improvement, essen-
etal., school) space, physical  positive attitude tial, 6/8
(2018) Classroom science towards science  desirable.
topics.
Rathna-  n=20(age MildID CAl using iPad  Plants, living Significant 10/13
kumar 8-11) and nonliving  differences in essen-
(2019) things, water, performance. tial, 4/8
natural resourc- desirable.
es, work-push
and pull, solids,
liquids, and
gases
Sudhakar n=30 MID Multimedia Animals, Significant dif-  9/13
(2020) plants, seasons  ferences in per-  essen-
formance, active tial, 3/8
involvement, desirable.
enjoyable.
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Table 2 (continued)

Study Participants/ Disability Technology Academic Results/findings  Quality
Setting content indica-
tors

VanUitert n=43 (age HID (LD, Multimedia Biology: Positive learning 13/13

etal, 12.5) ADHD/ Photosynthesis  outcomes. essen-

(2020) OHI, EBD, tial, 7/8
Speech/ desirable.
Language

Impairment)

the mouse, the authors created a version where the game was projected on the wall
and the students interacted with their bodies through the Kinect sensor.

3.2.3 Academic content, instructional design, and findings in group designs

Seven of the group design studies concerned life sciences e.g., Biology (See Table 2).
Marino and colleagues (2014) and VanUitert et al., (2020) followed explicit instruc-
tion. In Marino’s study the combination of a theoretical framework together with the
UDL design and the game’s challenges resulted in high level engagement, neverthe-
less, did not yield significant differences in performance. However, by combining
explicit instruction with CTML-based multimedia elements, VanUitert et al., (2020)
achieved positive learning outcomes.

Terrazas-Arellanes and colleagues (2018) designed their interactive online and
culturally appropriate multimedia material based on CATLM and applied project —
based learning. However, their three-year longitudinal study showed no significant
differences in learning outcomes. The intervention nonetheless had a positive impact
on students’ attitude towards science education.

Chemistry was the topic of interest chosen by King-Sears and colleagues (2015).
They followed the UDL principles together with scaffolding and the IDEAS (Iden-
tify, Draw, Enter, Answer, Solve) self-management strategy to help students solve
mole conversion problems. Despite the learner-centered instructional model, there
were no significant differences in learning outcomes. Nevertheless, the IDEAS strat-
egy was found to be helpful.

Together with their ASD students, Bossavit & Parsons (2018) designed a game to
learn about countries, their locations, and characteristics. The students enjoyed being
included in the game design and process. They showed increased motivation and
engagement and achieved positive learning outcomes.

3.2.4 Evidence-based practice in group designs

Two studies (See Table 2, King-Sears et al., 2015; Marino et al., 2014;) met the
necessary essential and desirable quality indicators and can be characterized as high
quality (Gersten et al., 2005).

Saad and colleagues (2015) did not present details on the participants’ disabilities,
procedures, or effect size as far as the essential indicators are concerned. The authors
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did not report on three of the desirable indicators either (attrition rates among inter-
vention samples, reliability, delayed outcome measures).

The Fatikhova and Sayfutdiyarova’s study (2017) seems to meet 11 of the 13
essential quality indicators. Procedures on identifying the relevant characteristics of
participants were not reported, nor were references on fidelity description or assess-
ment. The study also meets six of the eight desirable indicators. Additionally, data
was not available on the quality of the implementation, nor did the authors mention
any excerpts that could have captured the nature of the intervention.

Bossavit & Parsons (2018) did not report on the comparable characteristics of the
participants, nor on effect size calculations, therefore likely miss two of the essential
quality indicators. Excerpts that capture the nature of the intervention are not stated.

Terrazas-Arellanes and colleagues (2018) did not mention two of the essential
indicators (details on participants’ disabilities and procedures regarding participants’
characteristics). The authors did not report on two desirable indicators, namely attri-
tion rates among intervention samples or excerpts that capture the nature of the
intervention.

Rathnakumar (2019) did not report three of the essential indicators. The author did
not mention the procedures related to participants’ characteristics across conditions,
the implementation fidelity, and its related procedures. Moreover, the article did not
report four of the desirable indicators. There was no evidence of validity, or quality of
the intervention, or information on the nature of instruction, or excerpts that capture
the nature of the intervention.

Sudhakar (2020) did not mention four of the 13 essential and five of the eight
desirable indicators. The article did not present the expected participant description,
the implementation of the intervention, or the outcome measures.

The VanUitert and colleagues’ study (2020) met all the essential quality indica-
tors. Regarding the desirable indicators, the article did not report on the validity’s
evidence. Thus, this study can be characterized as high-quality research.

3.3 Qualitative case study research design studies

Two of the 21 studies under review were qualitative studies that were characterized
by their authors as case studies on science teaching supported by digital technology
(see Table 3).

3.3.1 Participants and disabilities in case studies

The two case studies (See Table 3) followed a qualitative design, and therefore pro-
vide science-based evidence (Brandlinger et al., 2005). Miller and colleagues (2013)
conducted an illustrative case study and compared four case studies with students
with ID. Vassilopoulou & Mavrikaki (2016) used observation and focus group inter-
views with a student with ADHD.
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Table 3 The reviewed case studies (IWB: Interactive Whiteboard)

Study Participants/ Disability Technology Science con-  Results/findings Quality

Setting tent/ targets indica-

tors

Miller n=4 (age 1D Multimedia Biology: Positive learning 21/21
etal., 17-18) presentations, mealworms,  outcomes, increased
(2013) School painting, dicta- Physics: chro- motivation and

kitchenette tion apps for matography/  engagement.

iPad color blending
Vassilo- n=1 (age ADHD PhET simula-  Biol- Positive learn- 21/21
poulou  17) tion on IWB ogy: Darwin’s ing outcomes and
& Ma- Classroom theory, natural attitude towards
vrikaki selection biology.
(2016) Decrease of ADHD
characteristics.

3.3.2 Technology used in case studies

Both studies use digital technology as a cognitive tool in student-centered approaches.
The four students in Miller’s study (2013) interacted actively with presentations,
painting and dictation applications, expressed themselves, and communicated
through technology.

The student with ADHD in Vassilopoulou and Mavrikaki’s study (2016) interacted
with a simulation on natural selection projected on an interactive whiteboard.

3.3.3 Academic content, instructional design, and findings in case studies

The two case studies involved topics from Biology and student-centered instructional
strategies. Mealworms’ life was the topic of Miller’s study (2013). The four students
with ID also studied chromatography and color blending especially, and the authors
followed guided inquiry instruction. This approach resulted in positive learning out-
comes, increased motivation, and engagement. The results improved when students
used the electronic notebooks rather compared to the traditional method.

Vassilopoulou & Mavrikaki (2016) used a simulation projected on the IWB to
teach Darwin’s theory following a constructivist approach. The student improved his
understanding of Biology concepts and improved his attitude towards Biology with
the use of an IWB. Characteristics of ADHD, namely inattention, hyperactivity, and
impulsivity decreased when the student interacted with the simulation.

3.3.4Evidence-based practice in case studies.

Both case studies can be characterized as meeting high scholarly standards. They
meet all the 21 criteria consisting of the four quality indicators, namely interview and
observation, document, and data analysis.
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4 Discussion
4.1 Educational context and outcomes

According to the results of this review (Tables 1, 2 and 3), the subjects of inter-
est in technology supported science education for students with disabilities varied
from Biology and Geography to Chemistry and Physics. Biology content was pre-
dominantly the preferred subject matter. The studies referred mostly to cells and cell
organs, organisms, and animals. The researchers, from both the special education or
science education fields, might have chosen this content because students have both
direct and indirect experiences in these specific subject areas. The same seems to
apply for Geography. Likewise, most topics in Physics and Chemistry concern the
macrocosm and direct experiences like seasons, rocks, earth and space, and natural
resources. This is likely justified by everyday experiences. Additionally relevant sci-
ence terminology and basic concepts are the main challenges for students with dis-
abilities (Apanasionok et al., 2019). Only two studies investigated abstract concepts.
King-Sears et al., (2015) investigated simple problems solving with mole conversion
and Knight and colleagues (2017) investigated the concept of force and Newton’s
first law. The study of Knight and colleagues (2017) presents an example of interdis-
ciplinary research, equally recommended by Kdse & Giiner-Yildiz (2020). It is note-
worthy that only a few of the reviewed studies included science education experts
and experts on educational technology among their authors. The two above studies
did not report significant differences after their interventions. Overall, the learning
outcomes of the studies were positive. It is interesting to note that 19 of the 21 stud-
ies reported positive affective outcomes. Knight and colleagues (2018) did not refer
to the affective domain, perhaps because the study’s participants were three students
with ASD. Rathnakumar (2019) chose learning performance as a single outcome,
while VanUitert and colleagues (2020) mentioned student motivation as one of the
study’s “uncontrolled variables”.

The functional relationship between dependent and independent variables in
almost all the reviewed studies is potentially connected with the instructional meth-
odology followed. Most of the studies followed explicit instruction, however three
single cases studies (Ciullo et al., 2015; McMabhon et al., 2016; Wood et al., 2020)
combined explicit instruction with systematic instruction. In the case of intellectual
disability student-centered models and inquiry-based learning are followed (Miller
et al., 2013; Wood et al., 2020). Vassilopoulou & Mavrikaki (2016) followed a con-
structivist approach with students with ADHD. It is likely that the active engagement
of students with ID and ADHD motivates them thus resulting in positive learning
outcomes. This rationale applies to high functioning ASD students (Bossavit & Par-
sons, 2018). Problem solving (King-Sears et al., 2015) and project-based learning
(Terrazas-Arellanes et al., 2018) did not result in significant knowledge improvement
in group designs.

The learning objectives set by researchers and reached by students can mostly be
categorized among the first three levels of the revised cognitive Bloom taxonomy.
Most of the students recalled science vocabulary, comprehended science terms, while
several others applied their acquired knowledge. The learning objectives and out-
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comes of the reviewed articles also highlight certain types of knowledge acquired
(Anderson & Krathwohl, 2001). The interventions reviewed provided factual knowl-
edge showing that scientific terminology and relevant details were internalized by
the students. Conceptual knowledge was demonstrated as students learned principles
(Knight et al., 2017) and made classifications (Knight et al., 2015, 2017). Proce-
dural knowledge was also developed in cases where students had to determine the
most appropriate process and algorithms to solve simple problems (King-Sears et al.,
2015; Terrazas-Arellanes et al., 2018).

4.2 The contribution of digital technology

Digital technology contributes to the development of academic skills in students with
disabilities, however a lack of research on the way it is applied in the teaching pro-
cess was identified (Cheng & Lai, 2020). This recent finding implies limited research
conducted concerning affordances and learning affordances of digital technology in
special education. The social validity reported in the reviewed studies of this work
indicates the acceptance of digital technology in the teaching process.

Technology seems to dominate as the basis for instructional design in six studies.
The affordance of interaction between the physical and digital environments through
tangible technologies likely contributes to explicit instruction interventions (Polat et
al., 2019). Although 14 of the studies used multimedia in their interventions, only
six referred to multimedia affordances, namely multimodal information (Fatikhova
& Sayfutdiyarova, 2017; McMahon et al., 2016; Saad et al., 2015; Sudhakar, 2020;
Terrazas-Arellanes et al., 2018; VanUitert et al., 2020). These studies also utilized
multimedia learning affordances, that is the appropriate combination of multimedia
elements. McMahon and colleagues (2016) used multimedia affordances in their AR
system, but they did not report on the AR affordances used.

The frequent use of multimedia elements and systems (e.g., CAI) is perhaps
explained by the assumption that researchers prefer to use well known and familiar,
rather than emerging, technologies. Despite the technology chosen, the design of an
intervention has to take into account its affordances, learning affordances and the
appropriate instructional model for the specific didactic situation. Thus, for multime-
dia content delivery the “production, transmission, and interpretation of a composite-
text, where at least two of the component-texts use different representational systems
in different modalities” (Purchase, 1998, p. 12) has to be combined with the cognitive
theory of multimedia learning to design learning activities. Regarding emerging tech-
nologies like augmented reality, researchers seem to use two learning affordances i.e.,
content creation and real-time/anytime/anywhere information and content presenta-
tion and delivery (Kdse & Giliner-Yildiz, 2020; McMahon et al., 2016). Learning
affordances that play an important role in science education such as experimentation,
collaboration, and cooperation, as well as multichannel communication are not met.
It seems that the focus of an AR application is content that is “mostly used to sup-
port effective teaching strategies” in special needs education (Kose & Giiner-Yildiz,
2020, p.1).
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4.3 Evidence-based practices

The “complexity of special education” has resulted in the development of various
research methodologies. The necessity for “evidence of effective practices” in the
field has guided researchers to establish research quality indicators for each of the
research designs (Odom et al., 2005). Thirteen of the 21 reviewed studies met all the
necessary quality indicators and can be characterized as high-quality designs.

The Universal Design for Learning was the basis for the research design in three
studies only, which did not present significant learning outcomes (King- Sears et al.,
2015; Marino et al., 2014; McMahon et al., 2016). UDL, together with two other
similar approaches, Universal Instructional Design (UID) and Universal Design of
Instruction (UDI), are used in special education to promote inclusion (Rao et al.,
2014). Rao and colleagues note that “researchers report on their application of UD
principles in varied ways, with no standard formats for describing how UD is used”
(2014, p. 153). The UID and UDI involve only one general reference on the integra-
tion of technology in the teaching and learning processes. There are no principles
on the ways to apply technology. The three Universal Design (UD) models refer to
general guidelines that could imply affordances of digital technologies. The UDL

EEINTS

model involves guidelines like “illustrate through multiple media”, “guide informa-
tion processing and visualization”, “vary the methods for response and navigation”,
“use multiple media for communication” (CAST, 2018). The UID model includes
interaction and “timely and constructive feedback” (Hackman, 2008), while the UDI
includes guidelines from both the UDL and UID (Burgstahler, 2020). The above prin-
ciples although general enough, sufficiently correspond to multimedia affordances.

The findings of the present review, especially regarding the quality of the research
design researchers seem to pay attention to, together with the principles presented in
the UD models, led us to propose an extension to the UD models with the inclusion
of certain guidelines on the use of digital technology. Moreover, at least one item
concerning the use of technology could also be incorporated in the quality indicators
of research designs for evidence-based practices.

This work proposes affordances as this item. Affordances depend on the specific
technology applied for a certain disability. Affordances are the starting point on the
way researchers use technology. Technological affordances define learning affor-
dances, namely for technology-supported learning activities. For example, in their
study regarding students with intellectual disability Iatraki and colleagues (2021)
used VR to represent water molecules in the 3D digital space and AR to represent
water molecules in the real world, i.c., the physical environment. The authors used
the learning affordances of modelling and simulation (Mantziou et al., 2018) to rep-
resent the 3D water molecules according to widely scientific accepted conventions.
They also used the learning affordance of content presentation to show the molecules
in the real vessel as well as in the real room.

Furthermore, multimedia affordances contribute to the multimedia principle
(Mayer, 2001), which has been proposed as an appropriate instructional model for
students with disabilities (Greer et al., 2013; Khan, 2010) also highlights that for mul-
timedia systems to be used as learning tools, they have to be designed with specific
disabilities in mind, therefore reinforcing the importance of learning affordances.
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5 Conclusion

Digital technology, thanks to its numerous implementations such as multimedia, vir-
tual reality, and augmented reality as well as its various applications such as e-texts,
games, and simulations contribute to the acquisition of academic skills in special
education. Recently, “an important increase in publications in this field over the last
few years” (Sanchez-Serrano et al., 2020, p. 11) has been recorded. A substantial
part of research on technology use in special education looks at cognition (Sanchez-
Serrano et al., 2020). A literature review by Chelkowski and colleagues indicates that
mobile devices have resulted in positive learning outcomes and increased motivation
for students with disabilities (Chelkowski et al., 2019). The recent meta-analysis by
Baragash and colleagues points out that augmented reality contributes to positive
learning as well as to the development of social, physical, and life skills in students
with ID, ASD, ADHD, and physical disabilities (Baragash et al., 2020). Moreover,
the study of Iatraki and colleagues (2021) revealed the contribution of two digital
environments, an immersive virtual and an augmented environment, for the design
of grade-aligned science content for students with intellectual disability. The par-
ticipants were involved in a focus group study and explored conditions close to the
real world. They investigated the water molecules represented in both environments
and they highlighted the vital role of VR and AR in minimizing students’ learning
barriers.

Students with disabilities show positive learning experiences in science learning,
when instructional models and strategies such as systematic instruction, self-directed
instruction and comprehension-based instruction are applied (Apanasionok et al.,
2019). The systematic review by Apanasionok and colleagues, however, also high-
lights the small number of studies in science education for students with disabilities.
Based on findings regarding both technology-supported special education as well
as science education research with students with disabilities, the present systematic
review studied the manner with which digital technologies contribute to science
learning in students with disabilities. Emphasis was given on the way digital technol-
ogy was introduced for methodological rigorous interventions.

This review reveals the essential role of digital technology in science education for
students with disabilities. Two are the main outcomes.

Firstly, our findings emphasize the importance of the pedagogical approach in com-
bination with the suitable use of digital technology — this combination often resulting
in positive learning outcomes. Student-centered models together with meaningful
learning activities supported by the learning affordances of technologies contribute to
the acquisition of academic skills even when simple technological implementations
are chosen (Ciullo et al., 2015; Saad et al., 2015).

Secondly, our findings call attention to digital technology and its affordances as
quality indicators for evidence-based practice in special needs education. The contri-
bution of affordances in inclusive situations has been recently highlighted where AR
is concerned (Sheehy et al., 2019).

The two main outcomes of this review corroborate Gersten and Edyburn’s pro-
posal regarding the “effectiveness of a particular technology” and the “instructional
design of the technology intervention” (2007) as criteria for evidence-based practice.
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6 Limitations and Future Research

A small number of studies regarding technology-based interventions in science edu-
cation for students with disabilities were identified. The main limitation of this sys-
tematic review was the inclusion of papers published in the English language and
in peer-reviewed journals. Additional searches in peer-reviewed conferences could
have possibly added more resources, although researchers usually present their ini-
tial results in conferences following extended studies published in journals. Another
limitation was the authors’ search in four databases (ERIC, SCOPUS, ScienceDirect,
Google Scholar).

Empirical studies currently investigate the pedagogical added value of digital
technology in science education for students with disabilities. Future research has to
involve interventions that take into account the affordances of the technologies used,
a thorough assessment of the research design and should configure one or more items
regarding the proposed technology quality indicator.
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