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Abstract
Developed by Siegfried (“Zig”) Engelmann and colleagues, direct instruction (DI) has
been recognized as an effective and replicable teaching model for decades. Although
rooted in many principles of learning that behavior analysts utilize in daily practice, DI
is not a common a component of behavior analytic services for learners with autism
spectrum disorder (ASD). This may be attributed to behavior analysts’ unfamiliarity
with research evaluating the efficacy of DI with learners with ASD. This article
synthesizes findings across studies evaluating DI with learners with ASD. The review
addresses the contributions of the studies to date and identifies additional areas of
research that may lead to more learners with ASD benefitting from DI.
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Autism spectrum disorder (ASD) is characterized by restricted and repetitive patterns of
behavior as well as deficits in social interaction and social communication, with related
impairments in language and problematic behaviors (American Psychiatric
Association, 2013). Children with ASD often require intensive and highly specialized
interventions to meet their social, language, and behavioral needs (Hyman et al., 2020).
Over the past few decades, research investigating instructional approaches for children
with ASD has increased substantially (Wong et al., 2015). Though research has
accelerated and options for empirically supported intervention approaches have ex-
panded, the translation to practice has been delayed by numerous barriers (Cook &
Odom, 2013; Critchfield et al., 2017; Love et al., 2009; Odom et al., 2010). Some
barriers reported to impede translation from research to practice include vaguely
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described procedures accompanied with technical jargon and insufficient details on
treatment dosage in research articles (e.g., duration of sessions, frequency of sessions).
Furthermore, time and resources needed to train implementors on new procedures has
been reported as sparse. Given these barriers, one solution may lie in the adoption of
procedures successfully implemented on a wide scale in similar contexts, provided
ample evidence exists to support application with children with ASD. Direct instruction
(DI) meets both criteria (Engelmann et al., 1988).

DI is one of the most effective instructional approaches in the education literature
and has been implemented with thousands of students (Hattie, 2009; Stockard et al.,
2018). Developed by Bereiter and Engelmann (1966), DI was designed to promote
mastery of educational content through high rates of active group responding led by a
trained teacher. DI consists of both clearly defined procedures to teach skills and
carefully designed content to be taught (Barbash, 2012; Engelmann et al., 1988;
Heward et al., 2006). DI includes scripts that indicate exactly how the instructor should
present the lesson. These scripts were developed with an aim of promoting consistently
high-quality teaching across implementors and minimize unnecessary talking, which
may detract from the students’ learning. Across scripts the core teaching procedures
include the similar components of (1) orientation, (2) presentation, (3) practice, (4)
feedback, and (5) independent practice. The teacher orients the students to the exercise
by describing the content about to be taught and then presents the content by modeling
desired responses. The teacher allows the students practice opportunities, either indi-
vidually or in unison. The teacher immediately provides feedback in the form of praise
for correct responses and error correction following incorrect responses. The scripted
lessons are arranged to grow in scope and sequence as the students progress through
daily exercises.

DI curricula have been developed to address educational areas such as reading,
math, writing, and language (National Institute for Direct Instruction [NIFDI], 2021).
Within each curriculum, a placement test guides the teacher in selecting which lessons
to begin with for each student or group of students. Students should be grouped
according to performance, allowing instruction to progress at a reasonable pace through
daily intensive practice. The posttest for each group of lessons informs the teacher as to
whether additional practice is required or if changes in group assignment are needed for
any students. Use of posttest data and ongoing analysis of error patterns empowers
teachers to make informed, responsive decisions to serve their students as individuals
(Barbash, 2012; Watkins & Slocum, 2004). In addition, the relatively infrequent data
collection allows the teacher to focus primarily on delivering the intervention with
fidelity.

DI is grounded in the principles of learning and the influence of these principles can
be detected in the procedures and materials (Engelmann et al., 1988). First, DI
establishes responding with systematic prompts, prompt fading, and checks for dis-
crimination with similar targets. As new content is introduced, the teacher’s script calls
for modeling of the desired response. Following the model, the learners are instructed
to respond along with the teacher. After a practice opportunity, the learners are asked to
respond in unison. An independent opportunity is often repeated later in the exercise, in
discrimination with other responses. This progression of systematic prompt fading that
incorporates discrimination is built into the instructions, though “on the fly” adjust-
ments to meet students’ needs remains an essential component of DI implementation
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(Heward et al., 2006). Second, DI utilizes a general case model of instruction as new
targets are introduced (O’Neill, 1990). For example, as a student learns to tact a cat,
multiple pictures of cats are incorporated throughout the material. Examples span both
2D and 3D exemplars in some cases, such as tacting a table in a picture and then in the
classroom setting. The presentation of multiple exemplars (e.g., new cat colors, new
body positions, new table material) within different arrays may prevent the develop-
ment of faulty stimulus control over responding. The embedded multiple exemplar
approach may also promote stimulus generalization as new exemplars are presented in
subsequent lessons (LaFrance & Tarbox, 2020). Third, the curriculum embeds checks
for maintenance of learned concepts as lessons progress. Thus, once the tact for cat is
learned, it will be incorporated in future lessons. Fourth, logical content analysis
informed the design and sequence of DI lessons with an aim of “teaching more in less
time” (Engelmann et al., 1988). In one set of exercises a learner may learn to use the
autoclitic frame “This is” before tacting a picture. In subsequent lessons the frame will
be required with tacts that were previously established in the absence of the full frame
(e.g., “This is a cat”). By harnessing recombinative generalization (Goldstein, 1983),
learners exponentially acquire new skills as the instructor follows the sequence of the
curriculum. Finally, many DI exercises require repetition until fluency, ensuring
learners continue to practice until they achieve the highest levels of competence
(Binder, 1996).

DI recently met criteria for consideration as an evidence-based practice for learners
with ASD (Steinbrenner et al., 2020). This milestone is important to encourage wider
use of DI in the many contexts in which children with ASD receive behavior analytic
services. However, heeding Cook and Odom’s (2013) findings, we know evidence of
efficacy alone is not sufficient to produce adoption among the complexities of everyday
life in clinical settings. It is unclear how familiar practicing behavior analysts are with
DI and to what extent DI is utilized in clinical practice. DI is not listed on the Behavior
Analysis Certification Board’s 5th edition Task List, which drives much of the
curriculum in master’s level programs. In addition, cursory review suggests that
articles on DI do not frequently appear on the pages of the mainstream behavior
analytic journals. These facts suggest that more in-depth continuing education may
be needed for behavior analysts to come into contact with this literature, develop
competency with DI procedures, and ultimately adopt DI into their practice. We hope
this review of the DI literature with learners with ASD will begin bridging this research
to practice gap. Our aims with this review are to (1) characterize the scope and quality
of research addressing DI with learners with ASD to highlight the contributions to date,
(2) identify areas in need of additional research that may move DI closer to adoption in
practice, and (3) provide preliminary recommendations for incorporating DI into
clinical practice with children with ASD.

Method

Search Procedures and Reliability

To identify relevant articles for inclusion we conducted searches within three databases:
PsychInfo, ERIC, and the NIFDI in May 2020. The PsychInfo and ERIC searches were
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conducted using the keywords “direct instruction” and “autism.” The NIFDI search was
conducted using only the keyword “autism” as all the studies in the database
related to direct instruction. The first author conducted the database searches
and returned 128 total studies. The second author repeated the search and
returned 125 total studies; 3 fewer articles were returned on the ERIC data
base at the time of the search. From the 125 total studies, 38 were duplicates
across databases and were removed. The first and second author then screened
the remaining articles for inclusion in the review. Articles were included if they
were peer reviewed, experimental, in English, included at least one participant
with a diagnosis of ASD, and evaluated an established DI curriculum. We
considered established DI curricula as those listed on the NIFDI (, 2021)
website. From the screening process, 77 articles failed to meet inclusion
criteria. A total of 16 articles met criteria for inclusion in the review. The first
and second author achieved 100% interrater reliability on inclusion and
exclusion.

Coding Procedures

The first author developed coding items related to the primary domains of article
information, participant characteristics, DI curricula and implementation, and experi-
mental components. Scores for each domain were input into a survey created by the
first author using Microsoft Forms ©. Codes for all domains are listed below.

Article Information

The journal in which the article was published, the first author, and the year of
publication was collected.

Participant Characteristics

Diagnosis

The number of participants with a reported diagnosis of ASD was collected. The
inclusion of diagnostic testing to confirm the diagnosis of ASD was also coded,
whether it was reported as part of the participant characterization or specifically
conducted as part of the study.

Demographics

Of the participants with a reported diagnosis of ASD, the reported age, reported gender,
and reported race/ethnicity was also coded.

Characterization Methods

Of the participants with a reported diagnosis of ASD, the inclusion of additional
characterization methods including IQ tests and standardized language measures was
also coded. The specific measures used was also noted.
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DI Curricula and Implementation

Curricula Evaluated

The specific DI curricula evaluated in the study were collected. The evaluation of the
entire curricula or only partial strands was also coded.

Implementation

The context of implementation was coded as in a group (i.e., greater than 2), dyad, or
one-on-one. The reported dosage was also coded, with notes related to specific dosage
amounts per study.

Implementor

The status of the implementor was coded as researcher, teacher, paraprofessional,
behavior technician, and other. The code researcher was applied if the implementor
was an author of the article, regardless of their other credentials. In other words, if the
implementor was a teacher but also an author of the paper, they were coded as a
researcher. These codes were designed to differentiate between expert implementors, as
would be expected of a study author, in contrast with lay person implementors.

Modifications

Inclusion of any modifications to standard DI procedures was coded and the category
of modification was noted. The categories of possible modifications were noted as
relates to materials, response criteria, criteria for mastery, probe/testing procedures,
intervention procedures, and other.

Experimental Components

Experimental Design

The type of design included was scored broadly as group, single subject design, case
study, or mixed methods. If a single subject design was included, the specific design
applied was also coded.

Measures

The inclusion of an evaluation of maintenance and generalization was coded, as
reported by the authors. The inclusion of reliability data, procedural fidelity, and social
validity data were also coded.

Quality Indicators

We utilized the standards developed by the Council for Exceptional Children ([CEC];
Cook et al., 2014) to evaluate indicators of quality research studies. The CEC identified
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eight indicators, each with multiple features applicable to group and/or single-subject
design. The first and third author jointly reviewed the CEC indicators and discussed
their applicability to the focus of this review (e.g., DI and ASD). The first author
created a scoring sheet in which each feature of each indicator was scored as “met” or
“not met.” If indicated as “not met,” the rationale was noted. We adhered to the CEC
guidelines and considered the entire indicator “not met” if a single component of a
feature was judged insufficient.

Effect Size Calculation

To further assess the efficacy of DI, we evaluated the magnitude of change of
dependent measures by calculating or extracting a reported effect size. Effect sizes
are a quantifiable measure of the extent to which the independent variable was
associated with change to the dependent variable (Parker & Vannest, 2009). In group
design, calculations of effect size are a common way of describing differences between
experimental and control groups. In single-subject designs, effect sizes can be calcu-
lated by comparing data points in the baseline condition to data points following
intervention (Parker & Vannest, 2009). For studies using a single-subject design we
conducted a nonoverlap of all pairs (NAP; Parker & Vannest, 2009), the analysis using
an online NAP calculator (Vannest et al., 2016). For group design studies that utilized
inferential statistics we extracted the reported effect size. No additional calculations
were deemed necessary because results were published in peer reviewed journals.

NAP scores are calculated by comparing each data point in the baseline condition to
each data point in subsequent conditions to assess the proportion of data points with no
overlaps out of the total comparisons. The higher the score, the less overlap between
conditions, suggestive of a stronger experimental effect (Parker & Vannest, 2009). The
scores were calculated for each participant with ASD by comparing the baseline phase
and intervention or treatment phase only; maintenance data were not included in the
analysis. If the effects of DI were evaluated across multiple behaviors for one partic-
ipant, a NAP score was calculated for each evaluated behavior (i.e., tier on the graph)
and then averaged.

Reliability

A random number generator was used to randomly select 50% of the studies to score
for reliability on coding study characteristics and quality appraisal. For coding study
characteristics, the first and second author independently coded the items according to
the coding sheet following calibration training. We calculated point-by-point agreement
for each coded item. The number of coded items with agreement for each study were
divided by the total number of items and multiplied by 100. The mean initial agreement
score across studies was 90% (range: 84%–100%). Disagreements were resolved
through discussion until consensus was reached.

For quality indicators, the first and third author independently coded the same
randomly selected articles following calibration training. We calculated point-
by-point agreement for each feature of each of the eight indicators. The number
of features scored with agreement for each study were divided by the total
number of features applicable to the study (24 for group designs; 22 for single-
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subject designs) and multiplied by 100. The mean score across studies was 95%
(range: 83%–100%). Disagreements were resolved through discussion until
consensus was reached.

For effect size calculations, the first author trained the second author on use of
the NAP calculator (Vannest et al., 2016). We used a random number generator to
select 50% of the single subject design studies to score for reliability. We
calculated proportional IOA for each participant’s NAP score by dividing the
smaller recorded by the larger recorded and converting the sum into a percentage.
Mean IOA across studies was 94% (range: 74%–100%). Agreement below 80%
on a study triggered a rescore, which occurred for one study. Following the
rescore, agreement reached 98%.

Results

Article Information

The search returned 16 studies from 10 journals published between the years of 1993
and 2020. Of the published studies, only one study was published within a behavior
analysis journal (Frampton et al., 2020). Fourteen studies were published in journals
focused on ASD (e.g., Journal of Autism and Developmental Disorders) or special
education (e.g., Exceptionality). One article was published in the Journal of Direct
Instruction.

Participant Characteristics

Diagnosis

Across the 16 studies, 92 participants had a reported diagnosis of ASD. In 63% of the
studies, diagnoses of ASD were supported by details from diagnostic testing or use of a
specific screening tool like the Childhood Autism Rating Scale (CARS; Schopler et al.,
1988). For the remaining studies, diagnoses of ASD were either reported by caregivers
or identified by eligibility for special education services.

Demographics

Participants ranged in age from 4 to 17 years, though most participants fell into
the 4–6 and 7–12 age ranges. Of note, participants in the 4–6 age range primarily
participated in evaluations of Language for Learning (Engelmann & Osborn,
2008a). This curriculum requires the fewest prerequisite skills and is designed
for pre-kindergarten to second grade. However, Language for Learning was also
evaluated with participants ages 10–15 (e.g., Frampton et al., 2020; Shillingsburg
et al., 2015). Across studies, the majority of participants were male (N = 69) with
only a few participants identified as female (N = 7). (gender was not reported in
three studies). Non-white/Caucasian participants made up 44% of participants
(e.g., Black, African American, Asian, Hispanic), though 50% of studies did not
report the race or ethnicity of participants.
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Characterization Methods

Seven studies reported the IQ of participants. The Test of Nonverbal Intelligence-3
(Brown et al., 1997) and Leiter International Performance Scale Revised (Roid &
Miller, 2002) were most frequently cited. Most participants’ IQs fell into the ranges
of 55–70 (N = 11), 71–85 (N = 10), and 86–100 (N = 8). Three participants’ IQ fell
below 55 and three participants’ IQs were over 100. Language or reading skills were
assessed with a standardized measure within 11 studies; a wide variety of assessments
were utilized across studies including Woodcock-Johnson-III Tests of Achievement
(WJ-III; Woodcock et al., 2001), Battelle Developmental Inventory 2 (Newborg, 2005),
Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 2007), and Test of Language
Development (Hammill & Newcomer, 2008).

DI Curricula and Implementation

Curricula Evaluated

Language for Learning (Engelmann & Osborn, 2008a), Corrective Reading
(Engelmann et al., 2002), and Reading Mastery (Engelmann & Osborn, 2008b)
curricula were most frequently evaluated across studies (see Table 1). Two studies
(Thompson et al., 2012, 2019) evaluated Connecting Math Concepts (Engelmann
et al., 2012). In five studies only particular skill strands within the curriculum
were implemented. Ganz and Flores (2009) evaluated skills related to teaching
material identification within the Language for Learning curriculum (Engelmann
& Osborn, 2008a). Cadette et al. (2016) focused on teaching skills related to
answering “wh” questions within the Reading Mastery curriculum. Flores and
Ganz (2007, 2009) evaluated reasoning skills within the Corrective Reading
curriculum (Engelmann et al., 2002). Of note, Wolfe et al. (2018) implemented
the full Language for Learning curriculum but results for only particular skill
strands were graphed.

Implementation

DI was designed to be incorporated as part of a daily dose of instruction in a classroom
context. All but one of the studies we reviewed reported some element of dosage (e.g.,
either frequency or duration), but reports were highly variable. Duration ranged from
10 min per session (Flores et al., 2016) to 90 min per session (Shillingsburg et al.,
2015). In some cases, the number of exercises or lessons addressed per session were
reported, rather than the duration (e.g., Thompson et al., 2012; Wolfe et al., 2018).
Sessions were conducted multiple times per week in all instances in which dosage was
reported and lasted from 4 weeks (e.g., Flores & Ganz, 2014) to multiple years (e.g.,
Kamps et al., 2016).

A one-to-one instructional format was used in seven studies (e.g., Flores et al., 2016;
Frampton et al., 2020; Head et al., 2018; Infantino & Hempenstall, 2006; Shillingsburg
et al., 2015; Thompson et al., 2012; Wolfe et al., 2018) and dyad format in three studies
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(e.g., Flores et al., 2013, 2016; Thompson et al., 2019). Specific rationale for the
selection of one-to-one, dyad, or group instruction was not consistently provided.
Several authors noted that one-to-one instruction is not unusual for learners with
ASD in school contexts (Shillingsburg et al., 2015; Wolfe et al., 2018). In addition,
one-to-one instruction may be the only method possible for children receiving services
in their homes (e.g., Infantino & Hempenstall, 2006; Wolfe et al., 2018).

Implementor

In nine of the reviewed studies a researcher (i.e., author of the study) was responsible
for implementing the intervention (see Table 1). Nonauthor teachers were responsible
for implementation in four studies (Flores et al., 2013; Flores & Ganz, 2014; Kamps
et al., 2016; Weisberg & Savard, 1993) and paraprofessionals in two studies (Kamps
et al., 2016; Flores & Ganz, 2014). In two studies (Shillingsburg et al., 2015; Wolfe
et al., 2018), behavior therapists were responsible for implementation and in one study
(Infantino & Hempenstall, 2006) the lead implementor was the parent.

Modifications

Other modifications to procedures were reported in 13 studies. We noted modifications
across the dimensions of materials, response criteria, mastery criteria, probe/testing
procedures, and intervention procedures. Modifications to probe procedures and
mastery criteria were noted in studies that applied a single-subject design. DI
curricula require only a placement test before instruction can begin. In contrast,
single subject designs rely on steady state responding in baseline and repeated
measures once an independent variable has been applied. Changes such as in-
creased frequency of probe sessions (e.g., Cadette et al., 2016; Ganz & Flores,
2009) or use of posttests as pretests (e.g., Frampton et al., 2020; Shillingsburg
et al., 2015) were frequently reported in order to demonstrate a functional relation.
Several studies also utilized different material forms in conjunction with expanded
probe procedures (e.g., Ganz & Flores, 2009; Thompson et al., 2012; Wolfe et al.,
2018).

Some modifications were made to accommodate features of the altered instructional
context or learner specific characteristics. For example, to accommodate use of one-to-
one instruction, Shillingsburg et al. (2015) and Frampton et al. (2020) used pictures of
peers (rather than actual peers) during instructional sessions. To accommodate partic-
ipants utilizing speech generating devices, Frampton et al. (2020) changed response
topography (e.g., from vocal speech to selecting or spelling on device) and intervention
procedures (e.g., from vocally modeling to modeling responses on the device while
modeling responses vocally).

In several studies the authors reported used of child-specific schedules of
reinforcement (e.g., Frampton et al., 2020; Shillingsburg et al., 2015; Wolfe
et al., 2018). Several studies specified that a correct response had to occur within
5 s of an instruction (e.g., Shillingsburg et al., 2015; Wolfe et al., 2018). These
procedural elements do not necessarily represent a deviation from the standard DI
procedures, perhaps best considered clarifications for instructors implementing DI
procedures.
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Experimental Components

Experimental Design

A variety of experimental methodologies has been used to evaluate DI with learners
with ASD using (see Table 1). Infantino and Hempenstall (2006) utilized a case study
design, including very robust characterization methods. A multiple probe design across
behaviors or participants was featured in 9 of the 10 studies that used single subject
designs. Shillingsburg et al. (2015) and Weisberg and Savard (1993) used a mix of
single subject and group design features by assigning participants to cohorts. All
participants in both studies received the intervention, but the timing was systematically
delayed to evaluate the effects of DI (Shillingsburg et al., 2015) or a variation in DI
(Weisberg & Savard, 1993).

Three studies utilized a form of group design, though the nature of the designs
varied. Flores et al. (2013) evaluated the effects of Language for Learning (Engelmann
& Osborn, 2008a) or Corrective Reading (Engelmann et al., 2002) as applied in a
school setting. The interventions were not compared to one another, nor were they
compared to a control group. However, results of the study showed that both curricula
led to gains in student performance when intervention was led by school personnel.
Flores and Ganz (2014) compared the performance of children randomly assigned to
either Language for Learning or discrete trial teaching during an extended school year
program. Participants in the DI group outperformed participants in the discrete trial
teaching (DTT) group, though only 13 total participants were included. Kamps et al.
(2016) utilized more rigorous procedures to randomize assignment of 62 participants to
a Reading Mastery (Engelmann & Osborn, 2008b) group or a treatment as usual (TAU)
group in a school setting. The study spanned up to 2 years and was implemented by
school personnel.

Measures

Across studies, the inclusion of procedural fidelity, reliability, and social validity
measures varied. Some form of procedural fidelity measure was included in all
studies, though we observed variation in the frequency of evaluation. Many studies
conducted procedural fidelity checks at least weekly for each group or participant.
Infantino and Hempenstall (2006) included only four evaluations of fidelity for the
parent implementing the procedures in her home. However, given this was a case study,
the fidelity of the implementation speaks most to the feasibility of the intervention for a
nonexpert. Measures of reliability of the dependent measure were used in 12 studies,
less often in cases utilizing group or mixed method approaches. Maintenance data,
ranging from a single probe to multiple probes over multiple weeks, was also reported
in 12 studies. Generalization was evaluated in only four of studies. For example,
Thompson et al. (2012) include probes for generalization across materials and Wolfe
et al. (2018) evaluated generalization across implementors. Some form of social
validity assessment was included in only three of studies. In all instances, parents
(e.g., Infantino & Hempenstall, 2006; Thompson et al., 2012) and teachers (e.g.,
Thompson et al., 2012, 2019) reported a degree of high satisfaction with the DI
procedures.
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Quality Indicators

No study in this review met 100% of the Cook et al., (2014) quality indicators, though
three met seven of eight indicators (Flores et al., 2016; Thompson et al., 2019; Wolfe
et al., 2018). The study by Infantino and Hempenstall (2006) only addressed one out of
eight of the quality indicators, though this is not surprising given that it was a case
study. The quality indicators most commonly satisfactorily met were description of
practice (14 studies) and data analysis (14 studies). The quality indicators most
commonly judged insufficient were descriptions of context and setting (eight studies),
participants (five studies), and implementation fidelity (seven studies). With regard to
context and settings, the feature most commonly scored as “not met” was the physical
layout of the settings in which DI took place. With regard to participants, the features
most commonly scored “not met” were participant race or ethnicity and method in
which ASD diagnosis was obtained. With regard to implementation fidelity, the feature
most commonly scored as “not met” was reporting on the consistency of procedural
fidelity throughout the intervention phase.

Effect Size

NAP scores (i.e., effect sizes) for each study are reported in Table 1. The mean effect
size across the 42 participants in the 10 studies using single-subject designs was .97
(SD = .08, 95% CI [.6–1]), corresponding to a strong treatment effect per the interpre-
tative guidelines provided by Parker and Vannest (2009). These overall findings
indicate there was little overlap between data points in the baseline and intervention
or treatment phases; suggestive of a high magnitude change in behavior fol-
lowing DI interventions. It should be noted that NAP calculations consider only
the extent of difference between phases (i.e., treatment data points higher than
baseline data points): they cannot determine the extent to which the change was
socially significant.

Reported effect sizes were extracted from group design studies. The particular
research questions varied across the group design studies, leading to application of
different forms of inferential statistical analyses and different interpretations of
reported data. Flores and Ganz (2014) compared scores on the mastery test of DI-
Language for Learning before and after exposure to either DI to DTT. Results
indicated the DI group scored higher than the DTT group, reaching statistical
significance with a moderate effect size (d = .62). Flores et al. (2013) evaluated
lesson test scores for both DI-Corrective Reading and DI- Language for Learning
after weeks of intervention on each respective curriculum. The changes in test
scores reached significance, with strong effect sizes for both (partial h2 = .94;
partial h2 = .99). Kamps et al. (2016) compared the effects of Reading Mastery to
TAU reading instruction on multiple measures. The authors reported significant
effects of the Reading Mastery intervention on three of the measures, with
moderate to strong effect sizes. The authors also found that the improvements
between the DI group and TAU group were significant on the same three mea-
sures, with weak to moderate effect sizes obtained (see Kamps et al., 2016). Taken
together, results of group design studies report moderate to strong effect sizes for
DI on evaluated dependent measures.
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Discussion

Summary of Results

We identified 16 studies meeting our inclusion criteria addressing a total of seven DI
curricula implemented in a variety of settings by implementers of varying expertise.
Our review indicated that no study included all of the quality indicators identified by
the CEC (2014), though we identified three studies meeting seven of eight indicators
(Flores et al., 2016; Thompson et al., 2019; Wolfe et al., 2018). Across studies, the “not
met” features were almost entirely related to omitted or unclear study elements (e.g.,
participant race/ethnicity, method of determining ASD diagnosis, method of training
implementers, distribution of procedural fidelity data collection across phases, exact
dosage of the intervention). These features were not included in the Steinbrenner et al.
(2020) review, which accounts for the obtained differences. It is also important to note
that 50% of the studies evaluated in our review were published on or before 2014, when
the CEC guidelines were made available. With consideration of the overall scope of the
DI literature, quality indicators, and demonstrations of effect, our overall assessment
echoes that of Steinbrenner et al. that there is evidence for the efficacy of DI with
learners with ASD. However, there remains much to be done to increase the certainty of
this evidence and progression into adoption in clinical settings.

Many of the studies we reviewed consisted of single subject designs focused on
evaluating the efficacy of various DI curricula (see Table 1). However, as indicated by
Smith et al. (2007), evaluations of efficacy are only the first step in the life cycle of
research, progressing to manualization, randomized controlled trials (RCT), and ulti-
mately to community effectiveness. It is fortunate that DI programs are already
manualized and our review identified two RCTs in which DI was compared to a
TAU control group (Kamps et al., 2016; Shillingsburg et al., 2015). This progression
towards community effectiveness is promising, though additional research is needed
along the steps Smith et al. (2007) highlighted to bring DI to wider adoption in clinical
settings. Thus, we propose that future research on DI with children with ASD progress
iteratively within and across curricula, moving from strands to entire curricula to
randomized controlled trials. By advancing along these steps, gaps in the research
can be identified and addressed with the appropriate research tools, leading towards
adoption in clinical settings. To this end, we will discuss future directions in research
aimed at gaps identified by our review while also highlighting how practitioners may
utilize what is currently known about DI in their practice with their clients with ASD.

Recommendations for Research

Our review identified multiple studies focusing on particular skill strands using single
subject designs (e.g., Cadette et al., 2016; Flores & Ganz, 2007, 2009; Ganz & Flores,
2009; Thompson et al., 2012). These demonstrations are critical contributions as there
is relatively little behavior analytic literature to guide instruction on complex skills such
as time-telling (covered in Connecting Math Concepts) and analogical reasoning
(covered in Corrective Reading: Thinking Basics). Furthermore, a focused demonstra-
tion with a particular population or novel curriculum can serve as a foundation for a
more comprehensive evaluation (Smith et al., 2007).
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For curricula for which efficacy has been established with skill strands, research
should pivot into evaluating the entire curricula with an aim towards achieving a dose
resembling typical educational practices (e.g., Kamps et al., 2016). For example,
Thompson et al. (2012) used single subject designs to evaluate the skill strand of
telling time within Connecting Math Concepts. Then, in Thompson et al. (2019) the full
Connecting Math Concepts curricula was evaluated. For curricula with multiple single
subject evaluations on a curriculum in its entirety, the next most appropriate step may
be an evaluation at a larger dose utilizing a randomized control (Smith et al., 2007). For
example, the Corrective Reading curricula have multiple demonstrations with single
subject designs examining both skill strands and the full curricular span, but no
evaluations have been conducted using group design with randomized control (see
Table 1).

Our quality appraisal indicated that diagnostic status was inconsistently reported
across studies and information from formal diagnostic evaluations not consistently
available. This outcome is perhaps to be expected as much of the literature to date
was conducted in the context of special education services. But it leaves open the
possibility that students were included under an educational category of ASD that
did not actually have a psychological diagnosis of ASD. This inconsistency
coupled with inconsistent reporting of cognitive or language assessments, suggests
we still have much to learn about the participants for whom this approach is
efficacious. In addition to diagnostic details, reporting on specific prerequisite
skills may also be critical to advance this line of research. For example, Thompson
et al. (2019) found that the participants in their study struggled to engage in
unison responding during Connecting Math Concepts group instruction. We rec-
ommend as a preliminary step that future studies include reports from diagnostic
and standardized testing, in addition to characteristics such as frequency and
severity of challenging problem behavior and responsiveness to group instruction.
If negative outcomes correlate with specific participant variables (e.g., stereotypy),
this will guide the development of future research questions and matched remedial
supports.

Our quality appraisal indicated that the participants’ race and ethnicity were incon-
sistently reported. Of the participants for whom these demographics were reported, our
results indicate that most participants were Caucasian/white, males, under the age of 13,
and had a vocal-verbal language repertoire. The greater the representation of partici-
pants from varying genders, races, ethnicities, abilities, social economic status, the
stronger our assessment of external validity (Pierce et al., 2014). Our review indicates
that DI has been evaluated with only seven participants with ASD between the ages of
14 and 17 and zero participants older than 17. We also found that only three partici-
pants with ASD that utilized AAC have been represented in DI research (Frampton
et al., 2020). To address generality and ensure representation across groups it may be
insufficient to simply cast a wide net and hope for diversity. To extend this literature
into wider-scale adoption we may need to specifically seek out underrepresented
members of the ASD population for participation in research (for an example, see
Cariveau et al., 2019). If differences are detected, these results may drive further
investigations and matched supports. Comprehensive reporting of participant demo-
graphics will also increase the overall quality appraisal of this line of research (Cook
et al., 2014).
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Our review found that the majority of reviewed studies included some modification
to standard DI procedures. Perhaps this is not surprising, given the emphasis on
individualization in special education (e.g., Odom et al., 2010) and applied behavior
analysis (e.g., Baer, 2005; Baer et al., 1968). These modifications can be viewed
as both a strength and a limitation of the DI literature. As a strength, these
modifications suggest that small changes to the curricula can be applied and
efficacious outcomes still obtained; expanding appeal to practitioners requiring
flexibility to serve learners of diverse needs. However, it is a slippery slope as too
many changes may result in substantial drift from core procedures. As studies with
modifications are replicated, the modifications may be unknowingly replicated as
well. Drift from the guiding principles may lead to a packaged intervention no
longer recognizable as DI. As a protection against this possibility, we suggest in
future studies that authors note all modifications to standard procedures and
provide rationale to clarify the decision for the reader (e.g., to support the design,
to support the learner’s needs). With more consistent reporting, descriptions, and
evaluations of outcomes, future studies may then evaluate the necessity of partic-
ular modifications to determine under which conditions they are best deployed.
These modifications may eventually serve as a foundation of decision-making
model that may support implementers as they deliver DI to children with ASD
without expert support.

Our review indicated that measures such as maintenance, reliability, and procedural
fidelity were commonly included within reviewed studies. However, we noted
inconsistent reporting on the distribution of procedural fidelity data collection
within and across phases, which limited the assessment of study quality accord-
ing to the CEC guidelines (Cook et al., 2014). Future studies should continue to
incorporate these critical study elements with an eye towards the goal of com-
munity effectiveness (Smith et al., 2007). In practice contexts, the durability,
acceptability, and feasibility of approaches are critical to promote actual use
(Cook & Odom, 2013). With the aim of adoption in clinical settings, it may
be important for future DI studies to include different forms of these standard
measures that are more aligned with conditions of practice when serving children
with ASD. In practice, oversight by experts has been reported as intermittent
(Love et al., 2009). Future studies should evaluate the maintenance of procedural
fidelity by nonexpert implementers when expert support is faded. In practice, the
frequency of data collection ranges from each trial to only a subset of daily trials
(Love et al., 2009). Future studies should also evaluate if intermittent evaluations
of performance, such as lesson posttests, are sufficient for making decisions to
progress or repeat exercises with learners with more idiosyncratic needs. In
practice, assessments of generalization and maintenance are common features
of programming (Love et al., 2009). Generalization to relevant contexts should
continue to be investigated with DI curricula. For example, does fluency using a
full sentence when labeling during Language for Learning (Engelmann &
Osborn, 2008a) exercises generalize when tacting objects on a walk with a
caregiver? Social validity measures should be incorporated to evaluate whether
parents and teachers report favorably about DI and whether they choose to
continue to use it when expert support is withdrawn. Addressing these critical
areas may serve to bring research towards the conditions of practice that it is
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hoped will accelerate adoption into the settings in which ABA services are
provided.

Recommendations for Practice

Our review suggests DI may be a useful contribution to the practice of applied behavior
analytic services for children with ASD. The consistently strong demonstrations of
effect suggest that this approach is a powerful behavior change intervention that may be
feasible in practice settings (Hyman et al., 2020; Odom et al., 2010). For clinicians
wishing to utilize DI as a component of their practice, first and foremost, we suggest
they enhance their own competence in the area through supervision or professional
development (Brodhead et al., 2018). In addition to reading research articles (see
References section) and attending continuing education events, clinicians may access
a wealth of resources through NIFDI. The NIFDI (2021) website offers a variety of
online resources that may be useful for this purpose including webinars, guides, and
example materials. In addition, NIFDI offers training, coaching, and support by experts
in DI.

Next, clinicians should consider focusing on the specific curricula that have been
empirically evaluated with children with ASD across multiple studies (see Table 1).
Our review suggests the curricula with the most empirical support (by considering
number of studies and participant numbers) are Language for Learning, Corrective
Reading, and Reading Mastery. For curricula evaluated with few children with ASD
(e.g., Connecting Math Concepts and Language for Thinking) or no children with ASD
(e.g., Expressive Writing [Engelmann & Silbert, 1983]), we suggest clinicians proceed
with caution. Because DI curricula rely on shared core procedures, the risks
associated with utilizing an underevaluated curricula may be minimal, as long as
clinicians exercise appropriate judgement with respect to prerequisite skills and
closely monitor performance. The selection of a curriculum should be matched to
the individual’s unique educational or treatment goals. Scope and sequence guides
are embedded in many of the DI materials. These guides, along with review of the
specific required responses as shown in the presentation books, can be helpful in
determining what responses will be established through the curriculum. These
responses can then be matched to target goals to assist a clinician in determining
what proportion of an individual’s educational or clinical services may be ad-
dressed through DI.

From our own clinical experience and the examples pulled from this literature, we
suggest clinicians consider a progressive evaluation of DI with each individual served.
Following the general model established in the research literature, this may begin with
an evaluation of carefully selected and matched skill strands (e.g., Cadette et al., 2016;
Flores & Ganz, 2007, 2009; Ganz & Flores, 2009; Thompson et al., 2012) with
ongoing data collection to detect barriers or error patterns. Frampton et al. (2020)
included measures such as participant affect, repetitions per exercise, and frequency of
session terminations that may be useful to this end. Close evaluation of these data will
allow clinicians to make modifications, if necessary, and evaluate their effects on an
individual basis. As a successful model of implementation is established, the scope of
the DI exercises could expand and progress toward use of the entire curricula. In some
contexts, one-on-one instruction may be the only model available (e.g., in home
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therapy). When possible we suggest clinicians actively progress towards paired or small
group instruction to gain the maximum benefit of the DI approach. The procedures
used by Thompson et al. (2019) serve as a strong example of a means by which this
goal can be achieved.

Some clinicians may find the cost of DI materials to be a barrier to adoption,
especially if they are serving children with a wide range of needs requiring multiple
curricula or if children served are in multiple locations (e.g., home and school settings).
In these instances, it may be advisable to start with curricula that will be most
immediately utilized for the greatest number of children served and conducting a
cost–benefit analysis over months of use. In this analysis, elements such as time saved
making materials, time saved in ongoing training of implementers, and time saved in
program development by clinicians should be weighed. These benefits may offset the
upfront costs as the materials are incorporated into practice on an enduring basis. In
instances where children served are in different locations, DI may be accommodated to
remote options through video meeting technology and use of digital materials (NIFDI,
2021). NIFDI provided additional support on transitioning to remote DI to meet the
needs of students and children during the COVID-19 pandemic, though more research
is necessary to determine the feasibility and efficacy of these modifications on a long-
term basis.

Limitations and Conclusions

We acknowledge that this review has several limitations that must be considered.
Though our reliability scores indicate we were internally consistent in our assessment
of study quality, some interpretation of study features is explicitly required according to
the CEC (Cook et al., 2014) guidelines. We echo Mitchell et al.’s (2017) sentiment that
the dichotomous reporting of “met” or “not met” with respect to CEC (Cook et al.,
2014) standards may yield an overly conservative assessment of study quality. We
noted instances in which many components of a feature were addressed, but absent one
component we adhered to recommendations and precedent from prior research to
score as “not met” (Mitchell et al., 2017; Weston et al., 2018). Taken together, it
is possible future teams of reviewers may interpret reported features in a differ-
ent manner and reach different conclusions regarding study quality. Our findings
may also be limited by inclusion of only “established” DI programs (i.e., listed
on the NIFDI [2021] website). Future reviews may consider including a broader
scope to incorporate studies that utilized instructional design steps and teaching
procedures based on DI with new curricula or materials (e.g., Ragnarsdóttir,
2007).

The research path of DI with learners with ASD illustrates the unique contributions
of many types of research. When working in concert with one another, the limitations
of one study may inspire the methods of the next study. For behavior analysts serving
children with ASD, familiarity with DI is simply a first step. We hope this review helps
to demystify the DI approach and shine a spotlight on the work that has been done
evaluating this practice with learners with ASD. As more behavior analysts utilize DI
within this population, together we can address the challenges of adoption and
implementation.
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