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Abstract
Teaching science education has remained limited for students with intellectual and 
developmental disabilities (IDD), which, in turn, has resulted in an ongoing dis-
crepancy between these students and their typically developing peers for decades. 
Although there is a growing body of research in effective teaching approaches aimed 
at overcoming this discrepancy, there is still a need to identify evidence-based prac-
tices for addressing this academic core content. The purpose of this meta-analysis 
was to (a) find out the skills taught in science education to students with IDD, (b) 
define the characteristics of instructional approaches or adaptations of instructional 
approaches used to teach science content and practices, (c) conduct visual and effect 
size analysis of science education studies meeting the Council for Exceptional Chil-
dren (CEC) quality indicators (QIs; Cook et al., 2015), and (d) determine whether 
there are differences in effect sizes of science education studies meeting CEC QIs 
based on participant and intervention characteristics. Of 27 studies reviewed, 18 
studies met all the CEC QIs. A meta-analysis of these 18 studies resulted in an over-
all medium effect size of 0.82 CI95 (0.76, 0.87). While all the moderator variables 
showed a medium effect size in participant characteristics, intervention character-
istics showed differences in effect sizes for comprehension-based learning and peer 
and researcher-implemented interventions.

Keywords  Science education · Students with IDD · Meta-analysis

 *	 Mehmet D. Sulu 
	 sulum1@nku.edu

1	 College of Education, Purdue University, West Lafayette, USA
2	 Educational Leadership and Advanced Studies, Northern Kentucky University, 

Highland Heights, USA
3	 Department of Special Education, Anadolu University, Eskişehir, Türkiye
4	 Faculty of Education, Hasan Kalyoncu University, Gaziantep, Türkiye

http://crossmark.crossref.org/dialog/?doi=10.1007/s10882-023-09890-z&domain=pdf


	 Journal of Developmental and Physical Disabilities

1 3

The importance of teaching scientific content knowledge, literacy, and thinking to all 
learners is stressed in legislation along with the Next Generation Science Standards 
(NGSS) (Apanasionok et  al., 2019). Scientific content knowledge allows for the pos-
ing of questions and sharing discoveries (Spooner et al., 2011), where learners’ skills to 
think, imagine, and continue to pursue rational and logical explanations for the observed 
universe are always encouraged (Mastropieri et al., 2006; Scruggs & Mastropieri, 2007). 
Acquiring scientific content and practices also have practical importance as learners 
need to use these thinking skills in real-life circumstances such as home, community, 
and school (Knight et al., 2020), and to make meaningful decisions about various issues 
such as ecological environment and well-being (Mastropieri & Scruggs, 1992; National 
Research Council, 2012; Spooner et al., 2011).

Such understanding is particularly important in the twenty-first century as politi-
cal issues and moral dilemmas such as global warming can be confronted by our 
society (Osborne, 2007); thus, there is a need for increased emphasis on science 
education for all learners.

Although the importance of teaching the content and practices of science has been 
acknowledged by many researchers in the field (Spooner et al., 2017), science educa-
tion for students with IDD has always been limited. This discipline includes a variety 
of complex academic vocabulary terms that requires prior knowledge of word mean-
ings that are taught in very short time periods (Brigham et al., 2011; Ehsan et al., 
2018). However, students often do not receive the adequate instruction needed to 
enhance their understanding and comprehension of science, nor do they develop the 
prerequisite background knowledge (Mason & Hedin, 2011), particularly for those 
with severe disabilities (Spooner et al., 2017). As a result, the academic achievement 
gap in science education between students with IDD and their typically developing 
peers is concerning (National Center for Educational Statistics, 2015), and this dis-
crepancy appears to be greater than any other academic content area, such as literacy 
and math (Wei et al., 2015). Therefore, there is a need to close this gap and improve 
the scientific content and practices of students with IDD.

Two instructional models have been commonly used to teach science concepts in 
the literature—inquiry-based learning (e.g., Barthlow & Watson, 2014; Meij et al., 
2015) and explicit and systematic instruction (e.g., Knight et al., 2018a). Of these 
two approaches, a growing body of research demonstrates that explicit and sys-
tematic instruction can be an effective approach to enhancing the scientific content 
knowledge of students with IDD (Apanasionok et  al., 2019; Barnett et  al., 2018; 
Spooner et al., 2011). According to findings from multiple meta-analyses, explicit 
and systematic instructional approaches can have large effects on science achieve-
ment with students with a wide range of disabilities, particularly in science vocabu-
lary and science text reading (Kaldenberg et al., 2015; Therrien et al., 2011, 2014). 
Additionally, systematic and quality review studies have indicated that the use of 
explicit and systematic instruction to teach science concepts has become predomi-
nant in the field (Apanasionok et al., 2019), and these instructional approaches have 
greater efficacy than inquiry-based learning (Therrien et al., 2014).

Despite the effective and extensive usage of explicit and systematic instruction, 
the implementation of this instructional approach has been focused predominantly 
on science vocabulary and memorization versus more complex science content 
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knowledge (Scruggs & Mastropieri, 2007). Thus, inquiry-based learning has been 
promoted in the literature to teach more science contents and practices (Therrien 
et  al., 2011), because inquiry-based learning emphasizes real-world experiences 
and depth of learning above verbal memorization (Scruggs & Mastropieri, 2007). 
Additionally, inquiry-based learning has been combined and structured with 
explicit and systematic instruction effectively (e.g., Therrien et al., 2011), which is 
defined as guided instruction (Cawley, 1994; Therrien et al., 2014). Research indi-
cates that both inquiry-based learning and guided instruction can also be effective 
in teaching science education to students with disabilities (Scruggs et  al., 1998; 
Therrien et al., 2011).

Instructional approaches to teaching science education have been placed into the 
following three categories in previous reviews and a meta-analysis: explicit and sys-
tematic instruction, inquiry-based learning, and a combination of these two instruc-
tional approaches in general (e.g., Therrien et al., 2011; Therrien et al., 2014; Rizzo 
& Taylor, 2016). However, a recent comprehensive research review conducted by 
Apanasionok et al. (2019) labeled two studies (i.e., Carnahan & Williamson, 2013; 
Carnahan et  al., 2016) as comprehension-based instruction. According to Browder 
and Spooner (2011), the goal of comprehension-based instruction is that students 
learn how to apply their knowledge of narrative texts to comprehend the aspects of 
expository texts. Although this instructional approach was found to be an evidence-
based practice based on two studies, Apanasionok et al. (2019) indicated there is a 
need for further studies using this instructional approach to teach science practices.

Given the diversity of instructional programs, the heterogeneity among stu-
dents with IDD, and the changing trend toward teaching science content and prac-
tices to students with disabilities in the twenty-first century, there is a need for 
a systematic investigation to assess the efficacy of science education studies for 
students with IDD. Although there have been multiple review studies conducted 
to investigate and evaluate the quality of these studies (e.g., Apanasionok et al., 
2019; Knight et al., 2020), these review studies aimed to evaluate the scope and 
the quality of the science education studies. A meta-analysis is needed to examine 
the efficacy of interventions along with the differential effects of variables (David 
et  al., 2022). Such an analysis can quantify the magnitude of the effects of sci-
ence education interventions and determine if the effect was moderated by spe-
cific participant and intervention characteristics. Therefore, the current study will 
contribute to the literature with the aggregation and comparison of single-case 
experimental designs (SCEDs) science education studies for students with IDD. 
The specific research questions are:

1.	 What skills are taught in science education to students with IDD?
2.	 What were the characteristics of instructional approaches or adaptations of 

instructional approaches used to teach science content and practices to students 
with IDD?

3.	 What are the visual and effect size analysis of science education studies for stu-
dents with IDD?
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4.	 Are there differences in effect sizes of science education studies when classified 
based on students (i.e., age groups, disability) and intervention characteristics 
(i.e., independent variable, intervention agent)?

Method

The search procedures involved two phases (see Fig. 1). During the first phase, 
the first and fourth authors reviewed the literature from three different databases 
in March 2021, and the search was updated in August 2021. Databases included 
ERIC, Education Research Complete, and PsycINFO. The first and third authors 
used the whole and truncated versions of the following terms science, science 
education, Physics, Chemistry, Biology, plant, animal, human body, materials, 
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force, earth, electricity, acid, rocks, soil, magnets, space, chemical, weather, sea-
son, mass, planet, solar systems, living organisms, cells, fungus, insects, tempera-
ture, STEM, autism, ASD, autism spectrum disorder, intellectual disability, ID, 
mental retardation, developmental disability, down syndrome, pervasive develop-
mental disorder, PDD, Asperger, intellectual deficiency, developmental impair-
ment, handicap, neurodevelopmental disability. The authors limited the database 
search to those written in English and published in peer review journals. Addi-
tionally, studies that have been published in the last 10 years (2011–2021) were 
included to restrict this research to the most current studies due to the chang-
ing trend toward teaching science education (Knight et al., 2020; Osborne, 2014; 
NGSS Lead States, 2013). Although there is no consensus on the definition of 
“current” in the special education literature (Sulu et al., 2022), dynamic changes 
in science education studies have been observed in the last 10 years (e.g., com-
prehension-based learning, teaching science content and practices). Considering 
the limited scope of the science education studies in previous research (Knight 
et al., 2020), we only included studies published in the last 10 years.

After removing the duplicates (n = 311), the initial search yielded a total 
of 1605 studies. During the first phase, the first and fifth authors screened the 
abstracts and titles of the 1605 studies independently for inclusion. As a result of 
the first phase, 114 articles were selected for a full article review. Next, the first 
and fifth authors reviewed the titles, abstracts, and method sections of each of the 
114 articles. Overall, 27 of the 114 studies met the inclusion criteria and were 
included in this review. Although an ancestral search of the included articles was 
conducted to ensure articles were not omitted in the electronic search, there were 
no other studies identified.

The authors reviewed the studies in these two phases based on the following 
inclusion criteria: (a) written in English, (b) published in a peer-review journal, 
(c) published between 2011 – 2021, (d) included at least one participant with 
IDD; however, if the participant was part of a group of several others who did 
not an IDD diagnosis, the data had to be disaggregated for the participant with 
IDD, (e) a focus on science content and/or practice, (f) dependent measures that 
assessed science content and practices, and (g) utilized SCEDs. IDD is defined 
in this study as having significantly below-average intellectual functioning and 
adaptive behavior problems. Example of disability labels that could be catego-
rized under or with IDD for purposes of this review could include autism spec-
trum disorder (ASD), Down syndrome, Developmental Delay, ADHD, and other 
health impairments. If a study included participants with disabilities but without 
being labeled as IDD, the authors extracted and evaluated data for only those par-
ticipants with an IDD diagnosis. Finally, this analysis included studies that used 
SCEDs because researchers in the field of special education utilize SCEDs pre-
dominantly compared to quasi and group experimental studies (Kennedy, 2005; 
Maggin et al., 2018). Additionally, SCEDs make it possible to draw more precise 
conclusions regarding the nature of behavior change that is distinctive to an indi-
vidual. (Martella et al., 2013; Maggin et al., 2018).
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Article Analyses

Several analyses were conducted for the review. These analyses included a quality 
appraisal, descriptive analysis, visual analysis, effect size calculations, and modera-
tor variable identification.

Quality Appraisal

Articles were analyzed based on the 2014 CEC Standards for Evidence-Based Prac-
tices in Special Education (Cook et al., 2015). These standards included eight cate-
gories including (QI-1) Context and setting, (QI-2) Participants, (QI-3) Intervention 
agent, (QI-4) Description of practice, (QI-5) Implementation fidelity, (QI-6) Internal 
validity, (QI-7) Outcome measures/Dependent variables, and (QI-8) Data analysis 
(see Table 1).

Descriptive Analysis

The studies met all the QIs were coded descriptively. The categories included (a) 
participants, (b) setting(s), (c) practitioners, (d) research design, (e) dependent 
variable(s), (f) dependent measure(s), (g) instructional program, and (h) mainte-
nance and generalization.

Visual Analysis

Visual analysis was conducted for the studies that met all QIs. The U.S. Institute 
of Education Sciences proposed six data aspects of SCEDs: level, trend, variabil-
ity, overlap, immediacy of effect, and consistency of data patterns (What Works 
Clearinghouse-WWC, 2022). In this context, authors analyzed mean level change, 
trend direction, data variability, percentage of overlap, the immediacy of effect, and 
consistency of data patterns of single-case graphs (cf. Lane & Gast, 2014; WWC, 
2022).

Effect Size Analysis

For effect size calculations of SCEDs graphs derived from the included studies were 
digitized. The PlotDigitizer, a reliable and valid software program for digitizing single-
case graphical data (Aydin & Yassikaya, 2022), was used for data extraction.

The authors calculated Tau-U (Parker et al., 2011) values for the studies that met 
all CEC QIs. All Tau-U values were calculated via the web-based calculation engine 
http://​singl​ecase​resea​rch.​org/​calcu​lators/​tau-u (Vannest et  al., 2016). As suggested 
Brossart et al. (2018), the baseline correction box for A-B contrast was clicked on 
when A (baseline) contrast was ≥ .40.

Weighted Tau-U with the 95% CI (CI95) for individual studies and moderat-
ing variables were calculated in the current study. The authors also calculated 

http://singlecaseresearch.org/calculators/tau-u
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aggregated Tau-U with CI95 to determine the overall effect for the included sci-
ence education studies. Based on these results, the forest plots were used to show 
how Tau-U values were distributed over the CI95 range. A forest plot allows 
reporting the results of studies individually and combined. In addition, a forest 
plot is an indicator of the size and precision of the effect (Cooper et al., 2019).

Table 1   CEC Quality Indicator Definitions for Single-Case Designs

CEC Quality Indicators

QI-1.0 Context and Setting:
  To meet QI-1.1. Studies needed to provide adequate information on demographic variables (e.g., age, 

region, numbers of participants) to identify context/setting.
QI-2.0 Participants:
This category included wo subcategories; QI-2.1 in which a study needed to describe at least one 

demographic variable of participants (i.e., sex, age/grade, and language status), and QI-2.2 where a 
study needed to provide sufficient information about diagnosing determination status of students with 
disabilities.

QI-3.0 Intervention Agent:
Top meet QI-3.1, studies needed to provide sufficient information on demographic background of 

intervention agent along with their role. IQ-3.2. is met when studies included information study had to 
include information regarding instructor implementing the science intervention training. Studies did 
not include sufficient information with respect to instructor’ training was scored not meeting QI-3.2.

QI-4.0 Description of Practice:
To meet QI -4.1 a study had to describe the intervention process elaborately to allow for replication. 

Similarly, to meet QI-4.2 required a study to describe materials if the study used any. Studies did not 
give sufficient information regarding intervention process and materials were scored as not meeting the 
criteria for corresponding QI.

QI-5.0 Implementation Fidelity:
To meet QI-5.1 a study must have included fidelity assessment of intervention process that also required 

direct and reliable observations. To meet QI-5.2 a study had to involve sufficient information with 
respect to the dosage of interventions such as the length of intervention. To meet QI-5.3 a study must 
have supplied timing and frequency of fidelity assessment procedure by assessing adherence, and dos-
age of implementation process. A study had to replicate this process twice to meet QI-5.3.

QI-6.0 Internal Validity:
A study had to control independent variable systematically to meet QI-6.1, describe control/comparison 

conditions elaborately to meet QI-6.2, limit comparison-condition participants to access to the inter-
vention firmly to meet QI 6.3, demonstrate three data points in three different phases to meet QI-6.5, 
include minimum 3 data points for all phases for single subject design studies QI-6.6, control common 
threats for internal validity QI-6.7.

QI-7.0 Outcome Measures/Dependent Variable
This category consists of six items. A study must have measured the socially validity to evaluate if the 

intervention was socially important to meet QI-7.1, clearly describe dependent variable measurement 
process to meet QI-7.2, report all important outcomes including positive and negative effects of inter-
vention to meet QI-7.3, use appropriate timing and frequency implementation process to meet QI-7.4, 
measure interobserver agreement, and test–retest reliability at acceptable levels to meet QI-7.5.

QI-8.0 Data Analysis
To meet QI-8.2., had to include a clear single-subject design table depicting the results clearly.
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Moderator Variables Analysis

The moderator variables were coded for each study meeting all CEC QIs. These 
moderators were defined and analyzed for similar features so that the results may 
lead to the shaping of policies and facilitate the national and international spread 
of effective practices (Cooper et  al., 2019). Moderator analyses for single-case 
meta-analysis studies may help uncover the boundaries of interventions, includ-
ing school levels, disability categories, and intervention procedures separately 
(Dowdy et al., 2021; Ledford & Gast, 2018). Moderators were determined accord-
ing to the salient variables in the studies. In this context, we placed our moderators 
into four categories: (a) independent variables, (b) school levels, (c) disabilities, 
and (d) interventionists. Similar to Apanasionok et al. (2019), we categorized the 
independent variables in three subcategories— self-directed learning, explicit and 
systematic-instructional procedures, and comprehension-based learning. School 
levels were elementary (6 to11 years old), secondary (11 to 18  years old), and 
post-secondary (18 years old or older). Disabilities consisted of ASD, Intellectual 
Disability (ID), and both ASD and ID (ASD + ID). Interventionists included teach-
ers, researchers, teachers and researchers, peers and researchers, facilitators and 
self-monitoring programs, and online applications.

Interrater Agreement

The reliability data were collected by the first, third, and fifth authors. The 
first author was a doctoral candidate in special education and a Board-Certified 
Behavior Analyst (BCBA), the third author was a doctoral candidate in special 
education, and the fifth author was an assistant professor in special education. 
The interrater agreement calculated through the number of agreements across 
raters was divided by the number of disagreements and number of agreements 
and multiplied by 100% across all the calculations. Disagreements were discussed 
between the disagreeing authors until they reached a consensus.

The interrater agreement was calculated in the following stages in the current study. 
First, while the first author reviewed the 1605 studies, the fifth author reviewed 321 
(20%) studies during the search procedure. In the second phase, the first and the fifth 
authors reviewed the 114 studies inclusion. Agreement among the authors on the 
inclusion of the studies in both phases was 100%. Second, 27 studies were coded by 
the first author; 13 (48%) studies were randomly selected and coded by the fifth author 
for the CEC QIs. The interrater agreement was calculated as 94.7%. Next, descriptive 
analysis and moderator variables for the 18 studies that met the CEC QIs were coded 
by the first and the third author independently. The interrater agreement was 98.3% 
and 98.4%, respectively. Next, the third author conducted the data extraction and effect 
size calculations of the 18 studies, and the first author conducted 4 (22%) randomly 
selected studies for reliability. The interrater agreement was 100%. Lastly, the third 
author conducted a visual analysis of the 18 studies, and the first author did 11 (61%) 
randomly chosen studies for reliability. The interrater agreement was 100%.
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Results

Quality Appraisal

Of the 27 studies included in this review, 18 studies (64%) met all the QIs outlined by 
Cook et al. (2015). Table 2 shows the coding for the 9 (36%) studies that did not meet 
the CEC standards.

Descriptive Analysis

Figure 2 depicts (a) participants (i.e., gender, school age, diagnosis), (b) setting(s), (c) 
practitioners, and (d) research design; and Table 3 shows the results for (e) dependent 
variable(s), (f) dependent measure(s), (g) instructional program, and (h) maintenance 
and generalization for the 18 studies that met all the CEC QIs.

Participants

A total of 64 participants with IDD were included across the 18 studies. The categories 
included the following: 43 (70%) students were diagnosed with ID, 14 (16%) students 
were diagnosed with ASD, and 7 (14%) students were diagnosed with ID and ASD. 
A total of 43 (67%) males and 21 (33%) females participated in 18 studies. Among 
7 (39%) studies reporting ethnicities, 12 (19%) students were White, 4 (7%) students 
were Black, 4 (7%) students were Latinx, 1 student was Asian/Pacific Islander, 1 (2%) 
student was biracial, and 1 (2%) student was Native Hawaiian/Other Pacific Islander. 
IQ scores were reported in 12(67%) studies and ranged from 40 (Riggs et al., 2013) to 
85 (McMahon et al., 2016).

Setting(s)

There was a range of study settings as the following: 4 (22%) studies were conducted in 
special education classrooms (nonspecified), 4 (22%) studies were conducted in general 
education and special education classrooms, 4 (22%) studies were conducted in special 
education resource rooms, 2 (11%) studies were conducted in special education self-
contained classrooms, 1 (6%) study was conducted in general education classrooms, 1 
(6%) study was conducted in a room adjacent to special education classroom, 1 (6%) 
study was conducted in a computer lab on a university campus, and 1 (6%) study was 
conducted in a private school for students with disabilities.

Practitioners

Of the 18 studies, the interventions were delivered by teachers in 10 (54%) stud-
ies, by researchers in 4 (22%) studies, by teachers and researchers in 1 (6%) study, 
by study peers and researchers in 1(6%) study, by facilitators and self-monitoring 
in 1 (6%) study, and by online applications in 1 (6%) study.
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Research Design and Finding(s)

Of the 18 studies, all but one (i.e., Carnahan & Williamson, 2013—withdrawal 
design), used a multiple probe design.

Dependent Variable(s)

Of the 18 studies, the dependent variable was science vocabulary in 6 (33%) 
studies such as energy, plant anatomy, homeostasis, precipitation, condensa-
tion, bones, organs, plant cells, roots, seeds, and mitosis. The dependent vari-
able was science concepts in 4 (22%) studies, including descriptions of the effects 
of forces, periodic table, and four science units (i.e., five senses, rock cycle, 
earth and sky, life circle). Three (16%) studies defined the dependent variable 
as science text comprehension skills, including compare-contrast comprehending 
expository science text, expository science text comprehension, and science text 
comprehension. Science inquiry skills were dependent variables in 3 (16%) stud-
ies, including inquiry problem-solving skills and inquiry problem-solving skills. 
One (6%) study investigated listening science content comprehension, and 1 (6%) 
study targeted generating and answering science questions.

Dependent Measure(s)

The primary dependent measure across the majority of studies was the num-
ber of correct answers on daily implemented probe sessions with a total of 12 
(66%) studies. Other studies used varying methods of determining performance. 
These methods included the following: 2 (11%) studies utilized the completion 
of a task analysis of digital assessment that included nine steps, 2 (11%) study 

Fig. 2   Demographic information derived from 18 articles. ASD = Autism Spectrum Disorder, GEC = 
General Education Classroom, ID = Intellectual Disabilities, MB = Multiple Baseline/Probe, SEC = 
Special Education Classroom 
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curriculum-based probe assessments that were included in the Early Science Cur-
riculum, 1 (6%) study used the completion of a task analysis of the functional 
assessment of the periodic table via cooking activities, 1 (6%) study used cor-
rect science vocabulary responses in 16-step task analysis, and 1 (6%) study used 
inquiry problem-solving skills in a 5-step self-monitoring checklist.

Additionally, the same questions were provided in a different order in 3 (16%) 
studies across baseline and intervention conditions (i.e., multiple-choice questions to 
assess science vocabulary and content which was administered across 30 probe ses-
sions [n = 1], worksheet questions that included multiple choice and true false ques-
tions to assess descriptions of the effects of forces on the effects of motions [n = 1], 
and slideshows to assess science vocabulary across probe sessions [n = 1]).

Instructional Program

A wide variety of instructional approaches were used across the 18 studies. Thirteen 
studies (72%) used explicit and systematic instruction that included prompting pro-
cedures, technology-based supports, graphic organizers, and an Early Science Cur-
riculum. Of the 5 remaining studies, 3 (16%) utilized self-directed learning, and 2 
(11%) employed comprehension-based learning.

Maintenance and Generalization

Maintenance data were collected across 14 (77%) studies. Latency to maintenance (i.e., 
the elapsed time between the final intervention data point and the first maintenance data 
point) varied across studies. Four (22%) studies measured maintenance data immedi-
ately after the completion of the intervention or after participants met a mastery crite-
rion. The latency to maintenance was between 1 and 6 weeks in 10 (55%) studies.

Of these 14 studies, the number of maintenance data points ranged from 1 to 17. 
Only 3 (16%) studies collected multiple maintenance (i.e., 3 or more data points for 
each participant) data points. Three (16%) studies did not collect maintenance data 
across all participants or behaviors. Maintenance data results appeared positive for 
12 (66%) of the 14 studies, and 2(11%) studies had mixed results.

Generalization data were collected across 10 (55%) of the 18 studies. Of the 10, 
3 (16%) provided two generalization data points after the intervention condition, 1 
(6%) provided two generalization data points (however, one of the data points was 
before the intervention condition and one was after the intervention condition), and 
the remaining 5 (27%) studies included a minimum of three data points. Of these 5 
studies, generalization data were collected during baseline, intervention, and main-
tenance conditions. Of the 11 studies that assessed generalization, findings appeared 
to be positive in 9 (50%) studies; however, there was a lack of generalization of sci-
ence outcomes to untrained stimuli in 2 (11%) studies.
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Visual Analysis

As shown in Table 4, the average of the level change and the trend direction showed 
differences based on the representation of data units in each study. There were 
accelerating trend directions and consistent data patterns in all the conditions of 16 
(89%) studies. Only one condition had decelerating trend direction and no consistent 
data patterns in 2 (11%) studies; however, the remaining conditions had accelerat-
ing trend directions and consistent data patterns in both. While 3 (16%) studies had 
100% data stability across all the conditions, data stability and variability for each 
condition showed differences in the 15 (84%) studies. The average percentage of 
overlap was 0% for 3 (16%) studies, and the remaining studies had varying degrees 
of overlapped data.

Effect Size Analysis

Tau-U (Parker et al., 2011) effect size values were calculated for the science educa-
tion studies that met CEC QIs and for the predetermined moderators. Before meas-
uring the effect sizes, raw data were derived from the single-case graphs presented 
in the studies through the data extraction software (i.e., PlotDigitizer).

In total, 141 AB graphs were derived from 18 articles. A total of 2158 raw data 
points were extracted from 141 graphs via the PlotDigitizer. Each of the raw data 
was verified by visually analyzing the graphs and rounding to the nearest integer 
value, as suggested by Aydin and Yassikaya (2022). Approximately 40% (872 data 
points, mean = 6.18, range = 3 to 24) of this raw data were from the baseline (A) 
condition, whereas 60% (1286 data points, mean = 9.12, range = 3 to 50) were from 
the intervention (B) condition.

Table 5 shows weighted Tau-U effect sizes and other related information of the 
18 articles. In addition, a forest plot in Fig. 3 shows weighted Tau-U values with 
CI95 for individual studies and the aggregated weighted Tau-U value with CI95 for 
the overall effect. According to the results based on the 18 individual studies, 9 stud-
ies had a medium effect, six had a strong effect, and three had a small effect.

Overall, Tau-U calculations were performed with 8484 data pairs from the 141 
AB graphs. Tau-U with baseline correction (Tau-UBC) was performed due to A con-
trast ≥ .40 for 26 of the 141 AB graphs; Tau-U calculations (non-trend) were per-
formed for 115 AB graphs. The aggregated weighted Tau-U for all studies was .820 
CI95 (.762, .879). The overall effect size of science education studies was medium. 
It is important to note that the confidence interval range in effect sizes for individ-
ual studies had large range. This, the individual results of science education studies 
have potential to positively impact student outcomes, albeit additional factors may 
need to be considered for these effects. The confidence interval range for the overall 
effect size for each individual study was small. That is, this result is a more precise 
and credible indication that science education studies have a medium effect.
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Moderating Variables Analysis

Table 6 shows weighted Tau-U effect sizes and the CI95 for moderator informa-
tion. In addition, a forest plot in Fig.  4 shows weighted Tau-U values with the 
CI95 for the moderating variables across the 18 studies.

Independent Variables

Three independent variables were categorized—explicit and systematic instruc-
tion, self-directed learning, and comprehension-based learning. The 13 studies 
using explicit and systematic instructional procedures had the effect size of .789 
CI95 (.724, .854) weighted Tau-U. On the other hand, the 3 self-directed learn-
ing studies had the effect size of .900 CI95 (.770, 1.00) weighted Tau-U. And, the 
2 comprehension-based learning studies had the effect size of .938 CI95 (.647, 
1.00) weighted Tau-U. While the most used independent variable in the studies 
was explicit and systematic instructional procedures (99 AB contrasts), the least 
used independent variable was comprehension-based learning (9 AB contrasts). 
While explicit and systematic instructional procedures and self-directed learning 
had a medium effect and a small CI95 range, comprehension-based learning had a 
strong effect and a large CI95 range (see Fig. 2).

School Levels

Grades were categorized into three levels—elementary, secondary, and post-secondary. 
The weighted Tau-U values of science education interventions were .764 CI95 (.599, 
.882) for elementary students .838, CI95 (.739, .937) for secondary students, and .898 
CI95 (.758, 1.00) for post-secondary students. The effect size of the training at all school 
levels was medium.

Disabilities

Students participating in the studies were categorized into three disability groups—
ASD, ID, and ASD + ID. The weighted Tau-U values of science education interven-
tions were .910 CI95 (.740, 1.00) for the students with ASD, .810 CI95 (.729, .890) 
for the students with ID, and .816 CI95 (.717, .916) for the students with ASD + ID. 
The group that was least involved in the science education studies were students 
with ASD (9 AB pairs). The effect size interpretation of the science education stud-
ies was medium for all disability types. The effect size CI95 range for the students 
with ASD was smaller than the other disability categories (see Fig. 2).

Interventionists

Interventionist groups were placed into six categories—teachers, researchers, teach-
ers and researchers, peers and researchers, facilitators and self-monitoring, and 
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online applications. The weighted Tau-U values of science education interventions 
were .808 CI95 (.723, .893) for teachers, .811 CI95 (.686, .936) for researchers, .853 
CI95 (.679, 1.00) for teachers and researchers, .604 CI95 (.320, .889) for peers and 
researchers, .912 CI95 (.635, 1.00) for facilitators and self-monitoring, and .877 CI95 
(.722, 1,00) for online applications. While the most employed operators were teach-
ers (69 AB contrasts), researchers (27 AB contrasts) and the online applications (24 
AB contrasts), the least employed operators were teachers and researchers (9 AB 
contrasts), facilitators and self-monitoring (9 AB contrasts), and peers and research-
ers (3 AB contrasts). Science education studies conducted with all interventionists 
except for peers and researchers (small effect) had a medium effect. The effect size 
CI95 range of teachers was smaller than other interventionists. On the other hand, the 
CI95 range of peers and researchers was larger than others.

Discussion

A descriptive, visual, and meta-analysis of the SCEDs teaching science education 
to students with IDD were analyzed in the current study. We aimed to answer the 
following research questions: (a) what skills were taught in science education stud-
ies, (b) what were the instructional approaches or adaptations used to teach science 
education to students with IDD, (c) what are the visual and effect size of SCEDs 
science education studies for students with IDD that met the CEC QIs (Cook et al., 
2015):, and (d) what are the differences in these effect sizes, if any, depending on the 
participant and intervention characteristics.

Our systematic review yielded a total of 27 studies focused on improving science 
content knowledge and practices of students with IDD over the last 10 years. Gen-
erally speaking, the quality analysis of the studies using the QIs outlined by Cook 
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et  al. (2015) aligns with previous quality review studies (i.e., Apanasionok et  al., 
2019; Knight et  al., 2020) in that overall quality of science education studies for 
students with IDD appeared to be evidence-based practices. Of the 27 initial studies, 
18 studies met all the CEC QIs; thus, further descriptive, visual, and meta-analysis 
were carried out for these 18 studies only.

Science vocabulary skills were taught across 6 of the 18 studies. Of the 6, Knight 
et  al. (2018b) also taught comprehension and application of science vocabulary. 
Although our descriptive analysis aligned with the previous literature showing that 
the most frequently taught science knowledge is vocabulary (e.g., Apanasionok 
et al., 2019), our review also found that science practices, inquiry skills, and science 
text comprehension were taught across studies that met the CEC QIs (Cook et al., 
2015). Future studies should continue to focus on more complex science knowledge 
and skills as opposed to only focusing on teaching basic vocabulary skills.

Of the 18 studies included in this review, 13 used explicit and systematic instruc-
tional approaches, and the outcomes were positive in all studies on teaching science 
vocabulary. Given the issue stated above regarding the need to move beyond sci-
ence vocabulary, future studies should focus on the most efficacious instructional 
approaches that go beyond teaching basic skills. Explicit and systematic instruction 
can certainly meet this need. However, there is a clear need in the research literature 
to determine if popular approaches to science (e.g., problem-based learning) can 
or should be integrated with explicit and systematic approaches to teaching more 
advanced science content for students with IDD in the general education classroom. 
For example, it is important to determine whether or not after critical prerequisite 
skills are taught through explicit and systematic instructional methods, there is value 
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Fig. 4   Forest Plot for Moderating Variables for Aggregated Weighted Tau-U and CI95
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in adding these other approaches afterward to aid with and/or to assess generaliza-
tion to new and novel science content or conditions.

In addition to the method of instruction, Osborne (2007) indicated that a criti-
cal issue in science education in the twenty-first century is the type of assessment 
used to measure science knowledge. Given that SCEDs require frequent repeated 
measures (Martella et al., 2019), it is not surprising that researchers used quizzes or 
task analyses where participants were expected to choose a correct response among 
two to three incorrect responses, verbally respond to questions, or place a picture of 
correct answers in an array. Measures of comprehension or functional application of 
science concepts often were not measured in the studies that targeted science vocab-
ulary. Further, five studies that targeted science vocabulary provided assessments 
on the same questions taught but only in a different order. Although Spooner et al. 
(2011) stated over a decade ago that future science vocabulary studies would not 
only focus on the definition of the words but also build hands-on activities to apply 
such skills, it appears that there is still needed improvement in this area. Thus, future 
researchers should include ongoing measurements to assess comprehension (e.g., 
Knight et al., 2018b) and functional application (e.g., Collins et al., 2011) of science 
concepts to determine the level of science knowledge due to instructional programs. 
Additionally, researchers ought to consider integrating standardized assessments 
into their investigations (e.g., Kamps et al., 2016) when using explicit, systematic, 
and scripted (ESS) programs since such an approach can strengthen the determina-
tion of the effectiveness of an intervention (Sulu et al., 2021).

Although there is research support for the acquisition and fluency of science 
knowledge, there is a paucity of research on the long-term maintenance and gener-
alization. The successful acquisition of behavior does not guarantee that the same 
behavior will be maintained across time nor be generalized to different situations 
(Cooper et  al., 2020; Phillips & Vollmer, 2012; Schreibman, 2005). Our findings 
show that the demonstration of maintenance and generalization of science knowl-
edge was limited. Long-term maintenance data were not collected after the com-
pletion of the intervention in any of the reviewed studies. The greatest duration of 
maintenance was 6 weeks across all the studies.

Additionally, the generalized effects of science education instruction were not 
systematically assessed across many of the studies. Students often learn a new skill 
under a certain set of conditions that may include specific persons, materials, and 
in specific environments where they learn these skills (Baer et al., 1968); however, 
there is a need for further and specific planning for generalization of skills beyond 
instructional settings (Marchand-Martella & Martella, 2002; Neely et al., 2018) to 
say a behavioral change has taken place (Baer et al., 1968). Thus, explicit program-
ming across novel settings, individuals, and behaviors is needed for generalization to 
occur (Marchand-Martella et al., 2013; Baer et al., 1968; Handleman, 1979; Stokes 
& Baer, 1977). Of the 18 studies reviewed, 11 of them assessed for generalization. 
Excluding Knight et al. (2013), none of the studies used an additional teaching strat-
egy. Furthermore, generalization results yielded negative results in 2 studies. There-
fore, future studies should program for and assess the maintenance and generaliza-
tion of learned science content and practices for students with IDD.
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Another area that needs to be improved is that science studies were predomi-
nantly implemented in segregated settings (e.g., resource rooms). Evidence-based 
practices are insufficient unless the delivery of these practices takes place in general 
education environments (Agran et al., 2020). Additionally, one of the requirements 
in the Individuals with Disabilities Education Improvement  Act (IDEIA, 2004)  is 
the utilization of specifically designed instructions to support students with disabili-
ties (Yell et al., 2020) so that all students can make progress in the general education 
curriculum within the least restrictive environments. Therefore, there is a need for 
future studies to determine the educational impact of instructional programs on the 
acquisition of science content in general education classroom settings.

Visual and Effect Size Analysis

The visual analyses of the 18 studies included therapeutic trends for all the studies 
included in this analysis and these improvements were at varying ratios. Although 
visual analysis is a predominant method in analyzing of SCEDs, it is not without 
limitations. For example, whether the amount of level change or immediacy of effect 
is significant cannot be evaluated via visual analysis. A trend can be in the targeted 
direction; however, the significance of this direction is evaluated based on the practi-
tioner’s interpretation. Therefore, visual analysis is criticized for allowing such sub-
jective evaluations (Aydin & Tanious, 2022; Brossart et al., 2014; Kratochwill et al., 
2014; Harrington & Velicer, 2015; Ninci et al., 2015).

On the other hand, studies can be analyzed and interpreted objectively with statis-
tical analyses such as effect sizes. In the present study, we sought to identify the over-
all effect of studies meeting the CEC QI standards using single-case meta-analysis in 
addition to visual analysis. The data from 141 AB graphs across 18 studies were ana-
lyzed, and results revealed that the interventions generated a medium overall effect 
(Tau-U = .82, CI95 [.76, .87]). These data provide preliminary evidence that different 
science education interventions are effective in improving the science content knowl-
edge and practices of students with IDD. Our results align with the previous meta-
analysis of the overall effect size of science education studies. Therrien et al. (2011) 
indicated that science education studies have moderate effect sizes for students with 
learning disabilities. Similarly, Therrien et  al. (2014) found the science instruction 
studies to have a small to moderate impact on students with emotional and behavioral 
disorders. Although group experimental studies and/or SCEDs were included in these 
reviews, and different effect size methods (e.g., g statistic, PND, PAND) were used, 
the present study found similar results.

There were no significant differences across the moderator variables of grade 
levels (i.e., elementary, secondary, and post-secondary) and disability categories 
(i.e., ASD, ID, and ASD + ID). For these moderator variables, the effect sizes were 
medium. On the other hand, comprehension-based learning had a strong effect with 
a large CI95 range, whereas explicit and systematic instruction and self-directed 
learning had a medium effect with a small CI95 range. Thus, comprehension-based 
learning may be more effective than explicit and systematic, and self-directed learn-
ing methods; however, there is a need for further studies to validate these findings, 
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given that only two of the 18 studies used comprehension-based learning. For 
interventionists, the effect sizes for all except one (i.e., peer and researcher) had a 
medium effect demonstrating that the result did not change in the presence of differ-
ent people implementing science instruction.

Overall, the findings showed that the greater the level of change, the immediacy 
of effect, and the consistency rates were, the greater the effect size was. In addi-
tion, the lower the overlap percentage was, the higher the effect size was. Although 
there is a consistency between visual analysis and effect size indicators, we argue 
that visual analysis cannot be used alone in evaluating the effectiveness of science 
education studies. Because the effect size can produce a single value by combining 
individual effect sizes of studies and allowing the overall result of science educa-
tion studies, this is not possible in visual analysis. In addition, visual analysis may 
involve subjective assessments among coders. This finding supports the literature 
advocating that visual analysis can be complemented by statistical analyses (Aydin 
& Tanious, 2022; Harrington & Velicer, 2015; Kratochwill et al., 2014; Manolov & 
Vannest, 2019; Vannest & Ninci, 2015). It should also be noted that the sample of 
moderator variables (the number of AB contrasts) was small, especially when the 
moderator variables (i.e., peer and researcher, comprehension-based learning, ASD) 
had an effect size with a large CI95 range. Therefore, there is a need for further stud-
ies to determine more precise and credible results among these moderators.

Limitations

Although this meta-analysis found that the current research on teaching science 
content and practices to students with IDD meets QIs and found these interven-
tions are effective in overall effect size, it was not without limitations. First, our 
search included studies up to August 2021, so there might have been other studies 
published after our initial search. Second, one inclusion criterion was a diagnosis 
of IDD for at least one of the participants within a study; therefore, studies may 
have been excluded due to an absence of participant diagnosis. Third, we only 
included SCEDs published in peer-review journals, given that SCEDs are pre-
dominantly used in science education studies to teach students with IDD (e.g., 
Knight et  al., 2020). Fourth, we used CEC QIs to evaluate the overall quality 
of studies before conducting visual and meta-analyses, given that CEC QIs were 
developed based on the limitations of previous quality assessments and com-
monly used in the literature (e.g., David et al., 2022). However, we acknowledge 
that different criteria published by different authors (e.g., Horner et  al., 2005) 
may yield different results. Fifth, we used a nonoverlap-based method (i.e., Tau-
U) to calculate the effect sizes of the studies and moderators. Regarding nonover-
lap-based methods, there are some unresolved issues, such as invalid results in 
the case of outliers and the inability to determine the magnitude of socially mean-
ingful behavior change (Aydin & Tanious, 2022). Therefore, future meta-analyses 
should consider utilizing recent indexes such as performance criteria-based effect 
size (PCES; Aydin & Tanious, 2022). Finally, gray literature (e.g., book chap-
ters, dissertation) was excluded because the literature review was conducted in 
peer-review journals only. Excluding gray literature may have caused publication 
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bias and unpublished studies would have small effect sizes (Polanin et al., 2016). 
Thus, future studies should consider including gray literature and analyze the 
gray literature as a variable of analysis (Lory et al., 2020).

Recommendations for Future Research

Science education plays a significant impact on an individual’s independence 
within society and opens more opportunities, including jobs in science-related 
practices (Ehsan et  al., 2018; Rizzo & Taylor, 2016). Providing students with 
IDD with effective instructions and support would increase their critical think-
ing, problem-solving, and employability (Ehsan et  al., 2018; Rizzo & Taylor, 
2016). Although the emphasis on science education to teach students with IDD 
has increased in the last decade, the research in teaching science content and 
practices are still limited compared to the other content areas such as math and 
literacy. The small number of studies included in this analysis revealed that the 
scope of the targeted skills is inadequate to support the aforementioned skills 
(e.g., employability) of students with IDD. Upon considering the changing trends 
in teaching science education for the twenty-first century (Forbes et  al., 2020; 
Osborne, 2007), future studies should focus on going beyond basic skills, ensur-
ing comprehension and application of these skills.

In addition to the limitations in the scope of the literature, the assessment of 
student outcomes was largely measured based on experimenter-designed assess-
ments only. Given that the majority of studies were carried out in special educa-
tion settings, it is unclear if the similar outcomes would have been measured in 
typical instructional settings or general education classrooms (Rizzo & Taylor, 
2016; Taylor et al., 2020). Therefore, there is a need for future studies where exper-
imenter-designed probes are combined with standardized tests to measure students’ 
outcomes. Further, such measurements ought to be addressed in the typical instruc-
tional settings or general education classrooms because all students should have 
access to learning all scientific content and practices in general education class-
rooms. Furthermore, future studies should provide the level of participants’ back-
ground knowledge of science concepts prior to interventions and program for and 
assess the maintenance and generalization of learned science content in, for exam-
ple, real-life circumstances (Spooner et al., 2011).

One other area that needs to be improved is the diversity of instructional practices 
in teaching students with IDD. Although inquiry-based instruction is the preferred 
method of science instruction among science educators to teach students without 
disabilities (Taylor et  al., 2020), individuals with IDD were predominantly taught 
with explicit and systematic instructions. Future studies should consider the efficacy 
of using inquiry-based learning or problem-based learning approaches along with 
explicit and systematic approaches. Based on the limited number of studies included 
in this analysis, there is also a need to conduct more research on science content 
instruction to determine more the effects of different instructional approaches alone 
or in combination for students with IDD.
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Recommendations for Practitioners

The role of teacher training is significant to instructional practices in general edu-
cation classrooms (Sulu et al., 2021; Rizzo & Taylor, 2016). If our ultimate goal 
is to integrate students with IDD into the general educational setting, practition-
ers must begin to move beyond mainly teaching science vocabulary and memo-
rization of science facts. Although science vocabulary and facts are critical for 
laying the foundation of science literacy, practitioners must begin to move into 
more complex areas of science education that involve science content knowledge 
and problem-solving. Doing so would be the next step in the evolution of teach-
ing complex science content and problem-solving to students with IDD.

A critical issue in teaching students with IDD more complex skills is the instruc-
tional methods used. Unfortunately, a dichotomy of instructional methods exists, put-
ting explicit and systematic instruction against inquiry-based methods. The question 
is not which to use but when to use each one. Practitioners should begin to integrate 
these instructional approaches based on the best evidence in science instruction. For 
example, basic skills such as vocabulary and facts and other foundational knowl-
edge required in science can be taught using an explicit and systematic instructional 
approach. Once these foundational skills have been firmed, inquiry-based methods 
may begin to be utilized for more complex science concepts and problem-solving.

Additionally, it is important for practitioners to determine if their instruction is 
effective in teaching science content. Frequent measures should be used to track 
student progress toward science content goals and objectives. Doing so allows prac-
titioners to determine if students are making progress and, if not, make changes in a 
timely manner to enhance the acquisition of science skills and knowledge.

Finally, if the goal for students with IDD is to integrate them into general edu-
cation settings, generalization programming should take place when instruction is 
occurring. Instructional methods used in general education environments may need 
to be phased in during science instruction (i.e., cooperative learning, problem-based 
learning) so students with IDD are not without experience with such approaches. 
Additionally, some form of assessment should be used to determine if students with 
IDD are successful in future learning environments where science education is tak-
ing place, and the use of remedial instructional approaches are developed and imple-
mented if/when students with IDD begin to struggle with science concepts.
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