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Scholarly Literature Review

When possible, instructors of students with disabilities 
should use evidence- or research-based practices during 
instruction (Cook & Cook, 2011). This allows them to select 
strategies they can be reasonably assured, based on high-
quality experimental studies, will be effective in teaching or 
remediating a particular behavior with a particular popula-
tion of learners (Ledford et  al., 2019). This is especially 
important, given many students may require more intensive 
instruction in higher dosage to acquire content knowledge 
and become proficient in skills than students without dis-
abilities. The more efficiently a student can be taught, the 
more knowledge and skills the student can be expected to 
learn in time allotted for instruction. Just as it is necessary 
to prioritize content and skills for instruction when develop-
ing a student’s individualized education program, it is also 
important to prioritize instructional strategies in terms of 
what can be expected to be most effective and efficient for 
teaching specific content, whether academic or adaptive. 
This is why researchers have identified high-leverage prac-
tices (McLeskey et al., 2017) to include explicit and inten-
sive systematic instruction with scaffolding when teaching 
students with disabilities.

Response prompting procedures (Collins, 2022) are a 
specific category of systematic instruction used to teach 
new behaviors to learners in which the instructor provides a 
stimulus (e.g., task direction) followed by a controlling 

prompt to assist the student in making a correct response. 
Prompts (e.g., models, physical guidance) are then system-
atically faded over time in numerous ways as no longer 
needed. This may include decreasing intensity or intrusive-
ness of the prompt or increasing the interval in which the 
student can respond before a prompt is delivered. Prompts 
should be individualized according to type of task being 
taught, type of disability characteristics of student, and type 
of student support required.

Single-case research designs (SCRDs) are typically used 
to investigate effectiveness and efficiency of response 
prompting procedures (Ledford & Severini, 2019). These 
studies focus on teaching a specific skill type (e.g., sight 
word vocabulary, life skill) to a small number of students 
with a specific disability type (e.g., autism spectrum disor-
der [ASD], intellectual disability [ID]) across a specific age 
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range (e.g., preschool, elementary, secondary). For a 
response prompting procedure to be considered evidence-
based, it is necessary to build a sufficient research base that 
meets stringent requirements set forth by researchers (e.g., 
Kratochwill et  al., 2013; What Works Clearinghouse 
[WWC], 2022). Procedures researchers have determined  
to be evidence-based through meta-analyses include time 
delay (e.g., Browder et al., 2009), simultaneous prompting 
(Tekin-Iftar et  al., 2019), and system of least prompts 
(Shepley et al., 2018). The research base includes a suffi-
cient number of rigorous studies with SCRDs conducted by 
researchers from different geographical areas across partici-
pants concluding the procedures likely to be effective in 
teaching specific skills to students with specific disabilities, 
if used with fidelity.

The graduated guidance (GG) response prompting proce-
dure has been in the literature since first described by Azrin 
and Foxx in 1971 (Collins, 2022; Wolery et al., 1992). In this 
procedure, the instructor typically uses a physical prompt to 
guide a student in making a correct response, making 
moment-by-moment decisions on level of physical prompt-
ing needed to ensure the response, until the student can per-
form the desired behavior. That is, as the student is 
responding, the instructor makes decisions to provide or 
withhold physical prompting needed in the moment to main-
tain correct responding. The procedure is so natural that 
those who use it may not recognize they are using a response 
prompting procedure. For example, instructors, including 
parents or caregivers, may use GG when teaching a child to 
perform fine motor (e.g., feeding or dressing oneself) or 
gross motor (e.g., riding a bicycle) skills. The instructor sim-
ply shadows the student’s movement (i.e., keeps hands close 
by student without touching or influencing movements) pro-
viding physical guidance as needed at any given moment to 
keep the student responding correctly (Collins, 2022).

The research literature contains examples of the GG pro-
cedure used as a single strategy or combined with another 
strategy (e.g., GG plus video modeling, time delay, most-to-
least). GG can be used with the time delay procedure by 
delivering a physical prompt after a designated delay or 
response interval for performing a skill has elapsed (McLay 
et al., 2017; Sigafoos et al., 2018). GG can be used with the 
most-to-least prompting procedure by systematically fading 
a physical prompt by intensity (e.g., hand over hand to par-
tial physical to gentle nudge) or location (e.g., hand on hand 
to wrist to elbow; Jimenez & Alamer, 2018). In this case, 
the procedure would be classified as most-to-least rather 
than GG because criterion levels were used before moving 
to a less intrusive prompt level. As an example of a varia-
tion of the GG procedure, Akmanoglu et al. (2014) provided 
video modeling followed by the GG procedure in teaching 
role playing skills to children with ASD, pairing GG with a 
verbal prompt while fading from full physical guidance to 
partial physical to shadowing.

Although the literature contains variations of the GG 
procedure, we focused the current meta-analysis on studies 
that used the basic form of the GG procedure as a single 
strategy (e.g., Cattik & Odluyurt, 2017; Horsman, 2018). 
That is, we reviewed studies in which the instructional pro-
cedures consisted of the instructor shadowing the response 
of a student while making moment-by-moment decisions 
on providing or reducing the physical prompt to facilitate a 
correct response by the student. The instructor provides the 
least intrusive physical prompt needed to ensure a correct 
response. In this case, the prompt naturally fades when no 
longer needed. By focusing on this narrow definition in the 
meta-analysis, we could determine whether GG was effec-
tive without having to consider other confounding variables 
that might have made it more or less effective. Thus, the 
research question was as follows:

Research Question 1 (RQ1): Is the GG procedure an 
evidence-based practice for teaching skills to students 
with disabilities?

Method

Search Procedures

We systematically searched the literature to locate studies 
investigating the GG procedure until July 2020 without 
specifying a starting date so as to include earlier studies. We 
searched databases that included Web of Science, JSTOR, 
Worldcat.org, PsycINFO, PsycARTICLES, EBSCOhost, 
ScienceDirect, and ERIC. To ensure a comprehensive anal-
ysis, we also searched databases to locate GG studies in the 
gray literature: ProQuest, UMI, Thesis Global, and Open 
Dissertation. We used various combinations of relevant 
keywords (e.g., graduated guidance, physical prompting, 
manual prompting, flexible prompting), adding “or” 
between keywords. Combinations of keywords searched 
can be obtained from the authors upon request. Three 
researchers independently conducted searches, then shared 
obtained studies electronically by placing them in a shared, 
single folder. The folder included 529 articles and 53 unpub-
lished theses (n = 11) or dissertations (n = 42).

We reviewed titles and abstracts of obtained journal arti-
cles and designated 219 articles to be reviewed for further 
analysis. We excluded duplications (i.e., same article 
located by at least two researchers), leaving 169 journal 
articles to be reviewed. After removing unpublished thesis 
or dissertation studies where we could not access the full 
text, or that were duplicated, we retained 34 unpublished 
studies to be reviewed. This left a total of 203 studies. Two 
researchers independently coded each of these studies 
according to research methodologies under three catego-
ries: (a) SCRDs, (b) review studies, and (c) other research 
designs. This left 167 (92%) studies where investigators 
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used SCRDs. Regarding the designs of the studies, the 
inter-coder agreement between the two researchers was 
92% and 91.6% for included and excluded studies, respec-
tively (inclusion and exclusion procedures explained 
below). The two researchers reviewed reference lists of 
these journal articles and unpublished studies, resulting in 
2,768 additional studies. They conducted an ancestral 
search by reviewing titles of additional studies from refer-
ence lists of these studies. If the title appeared to be related 
to the present study, they reviewed its abstract. If the abstract 
appeared to be related, they analyzed the full text. As a 
result, they identified 10 additional articles for a total of 177 
studies to be included in the analysis for the present study.

Inclusion and Exclusion Criteria

We used inclusion criteria for studies in the analysis as fol-
lows: (a) published in English in internationally dissemi-
nated peer-reviewed journals, (b) unpublished theses or 
dissertations in English, (c) GG procedure used as the inde-
pendent variable in teaching skills in a demonstration study, 
(d) GG used as one independent variable in a comparison 
study, (e) GG described in detailed and replicable manner 
(e.g., levels of physical prompts, moment-by-moment deci-
sion making), and (f) study conducted using SCRD.

We excluded studies in which (a) the GG procedure was 
not the independent variable systematically manipulated, 
(b) at least one participant did not have a disability, (c) 
appropriate data were not provided for visual/graphic anal-
ysis, and (d) GG was combined with another strategy. 
Supplemental Figure 1 shows the process and number of 
studies identified for inclusion and analysis. Two research-
ers independently coded the studies considering inclusion/
exclusion criteria. Both included 37 studies for further anal-
yses and excluded 68 studies. Agreement between the two 
researchers was 59% across 177 studies. They did not agree 
on 72 studies. Possible reasons for obtaining low agreement 
included disagreements on (a) if GG procedure was the sole 
independent variable, (b) if the prompt fading strategy was 
based on implementer’s moment-by-moment decision-
making, and (c) if GG procedure was combined with 
another response prompting procedure (e.g., time delay).

The two researchers discussed each indicator to re-code 
the 72 studies on which they failed to agree on inclusion or 
exclusion. This resulted in 100% agreement to exclude 47 
studies and failure to reach consensus on 25 studies, result-
ing in 65% inter-rater agreement. Then they discussed the 
studies on which they disagreed with the team’s senior 
researchers (two in the United States, one in Turkey.) The 
senior researchers individually coded the studies and dis-
cussed until they reached 100% consensus resulting in eight 
studies included for further analyses. Also, based on discus-
sion of the three researchers, the senior researcher in Turkey 
excluded 18 studies that had been included earlier and 

shared these with the other senior researchers for their eval-
uation. They also reached 100% consensus on these studies. 
As a result of these discussions, 27 studies (19 journal arti-
cles, eight unpublished thesis/dissertation studies) met cri-
teria for inclusion in the review. Once we identified included 
studies, one researcher conducted a forward chaining search 
on Google Scholar to locate articles cited in the included 
study. From this search, the researcher located 1,779 cita-
tions. If titles of these studies appeared related to the GG 
procedure, the researcher read abstracts. As a result, the 
researcher located five studies for further analysis. Two 
researchers independently coded and decided to exclude 
these five studies with 100% agreement.

Procedures for Evaluating Quality Indicators of 
the Studies

We used the research design standards recommended by 
Kratochwill et al. (2013), the contemporary standards at the 
time of the review, to evaluate the design quality of the 27 
identified studies. We modified and added two indicators to 
Kratochwill et al.’s standards about the treatment integrity 
of the studies (items d and e that follow). We created a data 
sheet to determine presence and absence of each indicator 
within eight categories: (a) systematic manipulation of 
independent variable, (b) collection of interobserver data 
for at least 20% of all sessions, (c) interobserver agreement 
of at least 80% of all sessions, (d) collection of treatment 
integrity data for at least 20% of all sessions, (e) treatment 
integrity of at least 80% of all sessions, (f) at least three 
demonstrations of effect, (g) at least five data points per 
condition (to meet standards), (h) at least three data points 
per condition (to meet standards with reservation), (i) clas-
sification of design standards, and (j) classification of evi-
dence for effectiveness. (Note we did not take items d and e 
into consideration while evaluating classification of design 
standards.) Prior to evaluating the articles, three researchers 
discussed and listed decision rules for each indicator. One 
researcher trained coders on rules. Then, they indepen-
dently coded three randomly selected studies and reached 
100% consensus through discussion. After that, two 
researchers coded indicators of each article (analyses shown 
in Supplemental Table 1). The researchers examined each 
tier in a study to determine the presence of an indicator, 
coding “yes” if all tiers met the indicator in the study. Even 
if a study failed to meet an indicator in a single tier, the 
researchers coded that indicator as “no” for the study. 
Classification of standards (second to last column in 
Supplemental Table 1) were coded according to definitions 
that follow.

Even if a study failed to meet an indicator in a single tier, 
we coded that indicator as “no” for the study. Studies which 
met criteria (stated above) from a to g were coded as meets 
standards (MS), studies that met criteria from a to h except 
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g were coded as MS with reservations (MS-R), studies that 
met criterion e but did not meet at least one of the criteria 
between a and f were coded as does not meet standards 
(nMS) in Supplemental Table 1. Classification of evidence 
of effectiveness (item i in preceding paragraph and last col-
umn in Supplemental Table 1) were coded using visual 
analysis of studies categorized as MS and MS-R. We retained 
studies that met design standards in all tiers for visual and 
descriptive analyses. To assess effects, we considered six 
outcome measures (i.e., level, trend, variability, immediacy 
of effects, overlap, consistency of data patterns across simi-
lar phases) within and between conditions (Kratochwill 
et al., 2013). If a study provided demonstration of an effect 
in all outcome measures, we categorized it as strong evi-
dence. If a study provided three demonstrations of an effect 
and also included at least one demonstration of non-effect, 
we categorized it as moderate evidence. If a study did not 
provide at least three, temporally distinct, demonstrations 
of an effect, we categorized it as no evidence. Demonstration 
of an effect through visual analysis in all outcomes for stud-
ies is shown in Supplemental Table 2. We retained studies 
categorized as having either strong or moderate evidence 
for calculation of effect size estimations.

Procedures for Conducting Descriptive Analysis 
of the GG Studies

For each study coded as MS and MS-R as recommended by 
Kratochwill et  al. (2013), the two researchers who coded 
design standards also coded the following data for descrip-
tive analysis: (a) characteristics of participants; (b) skill area 
taught; (c) setting and teaching format; (d) design; (e) inter-
vention; (f) social validity, maintenance, and generalization; 
(g) intensity and duration of intervention and (h) overall out-
comes. Supplemental Table 3 displays compiled data.

Intervention Effect Calculations

There is a debate about which method is most appropriate in 
synthesizing SCRDs. While analyzing effect size in SCRDs, 
contradictory findings can be obtained (Chen et al., 2019); 
thus, using more than one effect size analysis method has 
been suggested (Kratochwill et al., 2013). For this reason, 
we used three effect size analysis methods: percentage of 
non-overlapping data (PND), Tau-U, and improvement rate 
difference (IRD). The most frequently used method to cal-
culate effect size is PND (Scruggs & Mastropieri, 2001), 
which has advantages over other methods for detecting 
single-case effect size estimates: It does not require linear-
ity, it is easy to calculate, and significant correlations can be 
found between PND and other effect size estimates 
(Campbell, 2004). However, a noted limitation of PND is 
that standard errors and confidence intervals cannot be cal-
culated (Parker et al., 2007). Tau-U is another non-overlap 

method suitable for any type of distribution and scale used 
to calculate effect size; it controls for undesirable positive 
baseline trend in studies (Parker et al., 2011). Although data 
dependence (i.e., autocorrelation) may visibly distort Tau-U 
values (Parker et al., 2011; Solomon et al., 2015), it gives 
more robust results than other nonoverlap effect size esti-
mates even if serial dependency is observed between sin-
gle-case data (Tarlow, 2017). In a recent study, Barnard-Brak 
et al. (2021) showed that Tau-U calculations are not signifi-
cantly affected by the degree of autocorrelation. However, 
Tekin-Iftar et al. (2019) indicated a high correlation between 
PND, which is significantly affected by serial dependency 
(Barnard-Brak et  al., 2021), and Tau-U analyses in their 
study. The third effect size method, IRD, expresses the dif-
ference in successful performance between baseline and 
intervention conditions. It detects and controls possible 
increase in baseline condition and detects increase in inter-
vention condition and analyzes the difference (Parker et al., 
2009). We conducted baseline-intervention comparison in 
all effect size estimates in the reviewed studies. We calcu-
lated PND by hand, identifying the highest data point in 
baseline condition and then identifying intervention data 
points exceeding that point. Then, we calculated PND by 
dividing total number of intervention data points above the 
highest data point by total number of data points of com-
parison condition and multiplying by 100. We calculated 
Tau-U and IRD scores using the web-based Tau-U calcula-
tor at http://www.singlecaseresearch.org (Vannest et  al., 
2016). Since confidence intervals for Tau-U values are 
obtained in the web-based computation engine, we also 
report 95% confidence intervals (CI95) for them. This also 
enables us to generate forest plots for Tau-U calculations.

Based on guidelines, we considered PND scores at or 
above 90% as very effective, between 70% and 90% as 
effective, between 50% and 70% as questionable, and below 
50% as ineffective (Scruggs & Mastropieri, 2001). We con-
sidered Tau-U scores at or above 93% as strong effect, 
between 66% and 92% as medium to high effect, and 
between 0% and 65% as small effect (Parker & Vannest, 
2009). Parker et al. (2009) indicated IRD scores at or below 
50% as small effect, between 50% and 70% as moderate 
effect, and 70% or above as large effect. In the present 
review, effect sizes between the included studies were cal-
culated in a random effect manner because the studies were 
handled individually by combining the results of partici-
pants within a study. However, effect sizes within the 
included studies were calculated in a fixed effect manner 
since the participants within a study were combined in a 
single value (see an overview for effect types in single-case 
research, [DeHart & Kaplan, 2019]). Effect sizes were 
interpreted in accordance with these approaches.

We examined each single-case tier within a study to cal-
culate all three effect size scores through a data extraction 
process using PlotDigitizer, a reliable and valid software 

http://www.singlecaseresearch.org
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program for digitizing data (Aydın & Yassıkaya, 2022). 
Two researchers digitized data in each tier across studies, 
then exported extracted data into a Microsoft Excel file for 
further analysis. After digitizing data, they determined the 
data range in each tier, reviewing tiers visually for frac-
tional data points and accepting the nearest whole number. 
Limitations of the use of effect sizes with single-case 
research have been noted in the literature. For example, 
PND does not allow for calculation of standard errors or 
confidence intervals. Both, however, are important to report 
with effect sizes (e.g., Wilkinson & APA Task Force on 
Statistical Inference, 1999). A concern has been raised 
about Tau-U not accounting for data dependence with 
SCRDs. Caution also has been raised about setting and fol-
lowing effect size interpretations (e.g., Thompson, 2007; 
Vannest & Ninci, 2015).

Determination of an Evidence Base for Using 
the GG Procedure

We evaluated studies as MS and MS-R together against the 
criteria for evidence-based practices recommended by 
Kratochwill et  al. (2013). Then, we used Horner et  al.’s 
(2005) recommendation of three criteria for defining an 
evidence-based practice: (a) minimum of five studies cate-
gorized as MS and MS-R, (b) practice conducted by at least 
three groups of researchers with no overlapping authorship 
from three different geographic regions, and (c) total num-
ber of participants in combined studies equaling at least 20.

Reliability

We conducted six reliability analyses in the study: (a) inclu-
sion and exclusion criteria, (b) quality indicators, (c) visual 
analysis, (d) descriptive analysis, (e) digitized data, and (f) 
effect size. We used a point-by-point method to determine 
percentage of inter-rater reliability by dividing number of 
agreements by total number of agreements + disagree-
ments and multiplying by 100. Two researchers coded and 
analyzed 100% of the studies.

To review inclusion and exclusion criteria, as explained 
earlier, researchers coded studies for inclusion and exclu-
sion, and, for disagreements, the senior researchers dis-
cussed inconsistent coding until 100% consensus was 
reached. For quality indicators, two researchers indepen-
dently coded all studies (n = 27) and obtained 99.99% 
(range = 90%–100%) agreement. They also performed 
visual analyses independently for 11 studies coded as MS or 
MS-R and obtained 98.76% (range = 93.75%–100%) 
agreement. Once evaluation of studies by Kratochwill 
et al.’s (2013) criteria was completed, two researchers inde-
pendently coded these 11 studies for descriptive analyses 
and obtained 98.76% (range = 95.65%–100%) agreement. 
If disagreement occurred between researchers, they 

re-examined coded articles with a senior researcher and 
achieved consensus on each parameter of quality indicators 
and descriptive analysis. Two researchers also digitized 
data points in all tiers across studies for effect size analysis. 
They determined 1,134 data points be digitized and dis-
agreed on eight data points. If an error occurred using 
PlotDigitizer (i.e., if mouse cursor was slightly off mid-
point of data point, rounding error could change value of 
data point), researchers operationalized agreement as the 
value of two data points being identical or one unit apart. 
Researchers obtained 99.3% (range = 96.9%–100%) agree-
ment for using PlotDigitizer. Researchers also conducted 
reliability analyses for effect size for 52 tiers in the seven 
studies retained for effect size calculations (n = 156). 
Reliability analysis for calculation of PND resulted in 100% 
agreement and 99.4% (range = 88.3%–100%) agreement 
for Tau-U and IRD analyses.

Results

Quality Indicators of Single-Case Studies

As shown in Supplemental Figure 1, we located 27 studies 
that met the study’s criterion to be included using design 
standards recommended by Kratochwill et al. (2013). Data 
on the design standards of SCRDs studies and classification 
of evidence of effectiveness are found in Supplemental 
Tables 1 and 2, respectively. Of 27 studies, we rated five 
studies (18.52%) as MS, six studies (22.22%) as MS-R, and 
16 studies (59.26%) as nMS. The most common reason we 
did not rate studies as MS or MS-R was the lack of data points 
per condition. Twenty studies (74.07%) failed to obtain five 
data points, and seven studies (25.93%) failed to obtain three 
data points per condition. The second reason was not show-
ing at least three demonstrations of effect in eight studies 
(29.63%). Other reasons were the failure to collect interob-
server agreement for 20% of sessions in each condition (n = 
5; 18.52%) and interobserver agreement data being lower 
than 80% (n = 1; 3.70%). Moreover, eight studies (29.63%) 
did not meet two indicators, four studies (14.81%) did not 
meet three indicators, and one study (3.70%) did not meet 
four indicators in the rubric. Last, although Kratochwill 
et al.’s (2013) rubric does not require consideration of treat-
ment integrity data for assessing standards of studies, 
researchers noted that 12 studies (44.44%) failed to obtain 
treatment integrity data for at least 20% of each condition 
and, in 11 (40.74%) studies, reported treatment integrity data 
as being lower than 80% (see Supplemental Table 1).

Visual analysis findings among 11 studies either rated 
as MS or MS-R showed seven studies (63.64%) were clas-
sified as having moderate or strong evidence and four 
studies (36.36%) as having no evidence under classifica-
tion of evidence of effectiveness. Of seven studies, four 
(57.14%) were classified as having strong evidence, and 
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the remaining three studies (42.86%) classified as having 
moderate evidence because at least one participant did not 
meet at least one parameter in visual analysis. We included 
11 studies that met quality indicators recommended by 
Kratochwill et  al. (2013) in the descriptive analysis and 
seven studies that classified as either moderate or strong 
evidence via visual analysis in effect size calculations (see 
Supplemental Table 2).

Descriptive Analysis of the GG Studies

We included 11 studies that met the design standards rec-
ommended by Kratochwill et al. (2013) in the descriptive 
analysis. Demographic, procedural, and outcome character-
istics of the studies are shown in Supplemental Table 3. Of 
11 studies, seven (63.64%) were peer-reviewed journal 
articles, and 4 (36.36%) were unpublished theses and 
dissertations.

Demographic Characteristics of Included Studies.  The 
reviewed studies included a total of 39 participants: 33 
males (n = 7, 63.64%) and four females (n = 3, 27.27%). 
Sex was not identified for two participants (9.09%) in one 
study (Brown, 2008). Twenty-three participants (58.97%) 
were school age (7–15 years), 12 (30.77%) were preschool 
age (2–6 years), and four (10.26%) were adolescents/young 
adults. The effects of the GG procedure were examined pre-
dominantly with individuals with ASD (n = 20; 51.28%) in 
six studies, with the second group being learners with mul-
tiple disabilities (n = 19; 48.72%) in five studies. Individu-
als with multiple disabilities were learners identified with 
ID and an additional disability category.

Investigators used the GG procedure to teach discrete 
skills in seven (63.64%) studies and chained skills in four 
(36.36%) studies. Discrete skills included receptive lan-
guage (n = 1), imitation (n = 2), on-schedule (n = 2), dis-
crimination (n = 1), and fine motor (n = 1). Chained skills 
included self-care (n = 1), daily living (n = 1), play (n = 
1), and leisure (n = 1).

Investigators did not define mastery criteria in five stud-
ies (45.45%), but they defined criteria in the remaining six 
studies (54.55%). Across these studies, investigators 
defined criteria as 100% independent correct responses for 
three consecutive sessions in three studies (50%), 90% cor-
rect responding in one study (16.67%), 80% unprompted 
correct responding on 3 out of 5 sessions in one study 
(16.67%), and 75% independent correct on at least 50% of 
steps for four consecutive sessions in one study (16.67%).

Investigators examined the effects of the GG procedure in 
various settings across studies. Settings included school (n = 
5, 45.46%), university unit (n = 2, 18.18%), home or univer-
sity unit (n = 1, 9.09%), community-based home (n = 1, 
9.09%), prevocational site (n = 1, 9.09%), and educational 
institution (n = 1, 9.09%). Across studies, investigators 

examined the effects of the GG procedure predominantly in a 
one-on-one teaching arrangement (n = 8, 72.73%); however, 
they also used a group teaching arrangement (n = 3, 27.27%).

Procedural Characteristics of Included Studies.  Of 11 studies, 7 
(63.64%) used various demonstration SCRDs, 3 (27.27%) 
used comparison SCRDs, and 1 used a combination of dem-
onstration and comparison SCRDs (i.e., alternating treat-
ments design; 9.09%). Supplemental Table 2 shows specific 
designs used across studies.

Investigators conducted dependent variable reliability 
analysis in all studies (n = 11) and independent variable 
reliability analysis in the majority of studies (n = 9; 81.82%; 
e.g., Horsman, 2018). They did not address independent 
variable reliability in two studies (18.18%; e.g., MacDuff 
et  al., 1993). They reported dependent and independent 
variable reliability as over 80% agreement.

Intervention Description.  To be included in the analysis, 
investigators needed to implement the intervention using 
prompts faded using moment-by-moment decisions. 
Researchers analyzed GG procedures in terms of prompts 
used, moment-by-moment decision-making, number of tri-
als per session, type and schedule of reinforcement, and 
interventionist.

Prompts Used and Moment-by-Moment Decision-Mak-
ing.  All studies used a physical prompt with various 
methods to fade the prompt. In two (18.18%) studies, 
investigators faded the physical prompt by changing loca-
tion on the arm where the prompt was delivered (e.g., hand 
to wrist), and, in five (45.46%) studies, investigators faded 
the physical prompt with a combination of changing loca-
tion on arm where the prompt was delivered (e.g., hand to 
elbow to upper arm to shoulder) plus fading intensity. Inten-
sity of the prompt was faded by changing how much the 
investigator’s hand came in contact with the learner (e.g., 
full hand to thumb and finger) and firmness of touch (e.g., 
moving to light touch). In two studies (18.18%), investiga-
tors faded the prompt by changing prompt type (e.g., physi-
cal to verbal), and, in three (27.27%) studies, investigators 
mentioned shadowing.

Investigators predominantly used moment-by-moment 
decision-making for fading prompting in 10 (90.91%) stud-
ies. In one study, investigators described prompts used and 
named the procedure GG; however, they did not provide 
information related to moment-by-moment decision-mak-
ing (Paisey et al., 1989).

Number of Trials.  In five (45.46%) studies, investigators 
identified number of trials per session but did not identify 
number of trials in the remaining six (54.54%) studies. When 
specified, they used 20 instructional trials (n = 2; 40%), 5 
trials (n = 2; 40%), and 9 trials (n = 1; 20%) per session.
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Type of Reinforcer.  In nine (85.71%) studies, investiga-
tors described the type of reinforcement. They used only 
one type of reinforcer in three (33.33%) studies. Of these, 
natural reinforcers were used in (66.67%) studies, and 
tokens were used in one study.

Schedule of Reinforcement.  Investigators identified the 
schedule of reinforcement in eight (72.73%) studies. Five 
(62.50%) studies used continuous reinforcement, one 
(12.50%) used continuous and fixed reinforcement, one 
(12.50%) used continuous and variable reinforcement, and 
one (12.50%) used fixed reinforcement schedules.

Interventionist.  Investigators or external implementers 
delivered intervention in the majority of studies (n = 7; 
63.64%). Teachers served as implementers in the remaining 
studies (n = 4; 36.36%).

Intensity and Duration of the Intervention.  Six (54%) stud-
ies reported the intensity of intervention ranging from 3 to 5 
days per week 3 to 5 times per day. Duration of intervention 
was reported in six (54%) of studies, ranging greatly from 
sex sessions to 6 months.

Social Validity.  The GG procedure was found to be 
socially valid in the five (45.45%) studies. They col-
lected data from teachers in three (60%) studies, parents 
of participants in two (40%) studies, instructional staff in 
one study, therapists in one study, and a teaching assis-
tant in one study. Investigators collected data via inter-
views in three (60%) studies and questionnaires in two 
(40%) studies.

Maintenance and Generalization.  Investigators did not 
assess maintenance or generalization in five (45.45%) stud-
ies. In five (45.46%) studies, they assessed maintenance 
effects across a total of 16 participants. Duration of time 
that passed prior to conducting maintenance sessions varied 
from 1 to 36 weeks. One (20%) study did not state duration.

In seven (63.64%) studies, investigators addressed gen-
eralization of the GG procedure across a total of 22 partici-
pants, including generalization across stimuli for 10 
participants (n = 3; 42.86%), across people for nine partici-
pants (n = 3; 42.86%), across materials for seven partici-
pants (n = 2; 28.57%), and across settings for seven 
participants (n = 2; 28.57%). Investigators did not address 
generalization in four (36.36%) studies.

Outcome Characteristics of Included Studies.  Six (54.56%) 
studies reported the GG procedure was effective across 20 
participants, and two (18.18%) studies revealed it was 
effective across all but one participant. In one study, it was 
effective for one out of five participants. One study reported 
participants did not meet criterion but acquired target 

behaviors to a certain extent. Effects of the GG procedure 
varied in one study.

Determination of an Evidence-Based Practice

Results of this review show that the GG procedure can be 
considered evidence-based for teaching individuals with 
disabilities. First, criterion requiring a minimum of five 
studies categorized as MS and MSR was met in that 11 stud-
ies (i.e., Brown, 2008; Cattik & Odluyurt, 2017; de Perignat 
Lane, 1986; MacDuff et  al., 1993; Sabielny, 2013) had 
acceptable rigor to support the GG procedure. Second, cri-
terion requiring that studies be conducted by at least three 
research groups with no overlapping authorship from three 
geographical regions was met in that five of these studies 
were conducted by five different research groups from 
Turkey and different regions in the United States. Third, cri-
terion requiring that results be demonstrated across a mini-
mum of 20 participants (e.g., those having ASD or ID) was 
met in that results in the same five studies were demon-
strated across 22 participants.

Effects of the GG Procedure

We determined the effects of the GG procedure by using 
three effect size calculations: (a) PND, (b) Tau-U, and (c) 
IRD. We applied these procedures to the seven studies that 
met classifications of MS and MSR and were classified 
either as having moderate or strong effect of evidence using 
the criteria recommended and defined by Kratochwill et al. 
(2013). Supplemental Table 4 shows PND, Tau-U, and IRD 
scores calculated across the seven studies using baseline-
intervention comparisons as well as number of tiers ana-
lyzed. Supplemental Figure 2 also shows a forest plot for 
the studies for aggregated average Tau-U values with CI95. 
PND results from baseline-intervention comparison suggest 
the GG procedure was very effective in six studies (85.71%) 
and effective in one study (14.29%). Tau-U results from 
baseline-intervention comparisons show that the GG proce-
dure had a strong effect with a large CI95 range (except for 
MacDuff et al., 1993) in five studies (71.43%), and medium 
to high effect with a large CI95 range in two studies (28.57%). 
IRD results from baseline-intervention comparison suggest 
that seven studies had large effect.

Discussion

Based on the results, the GG procedure, as a stand-alone 
intervention, appears evidence-based practice for teaching 
skills to individuals with disabilities. In accordance with 
WWC guidelines (Kratochwill et  al., 2013), analysis 
showed a sufficient number of studies judged to meet design 
standards or meet design standards with reservations (n = 
11). The studies were conducted by at least three 
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independent research teams and geographic regions both 
within the United States and Turkey (n = 5), and results 
were demonstrated in more than 20 participants (n = 39) 
across investigations. Across the 11 studies, participants 
from preschool through adulthood were included, both 
chained and discrete skills were taught, and a variety of dis-
ability categories were represented (e.g., developmental 
disability, ASD, ID, multiple disability, physical disability). 
In addition, there were sufficient studies (n = 7), regions (n 
= 5) and participants (n = 22) to show the GG procedure to 
be evidence-based specifically for students with ASD and 
ID. The researchers conducted a meta-analysis using three 
effect size calculations, showing the GG procedure to be 
very effective or effective using PND, to have a strong effect 
or medium to high effect using Tau-U, and to have a large 
effect using IRD.

It appears that, based on the studies reviewed, the GG 
procedure had a strong effect; however, we had a limited 
number of studies that met standards or met standards with 
reservations. Given limitations of the use of effect size with 
SCRDs, findings should be interpreted with caution. Also, 
four studies showed no evidence. The review also showed, 
of studies reviewed, more had no effects than strong effects.

We note that, although analyzed studies produced posi-
tive effects, it is likely there are studies conducted with GG 
that did not produce such effects and, therefore, were not 
published. Shadish et  al. (2016), Gage et  al. (2017), and 
other researchers have pointed out different types of biases 
(e.g., selective reporting, publication bias) that may have 
influenced this meta-analysis and skewed the findings, 
given the criteria of the WWC guidelines. Gage et al. found 
that meta-analyses that included gray literature were less 
likely to reflect publication biases and that publication stud-
ies had larger effect sizes than gray literature. Therefore, 
because gray literature (i.e., theses, dissertations) was 
included in this meta-analysis, results are perhaps less 
biased and do not reflect inflated effect sizes to the extent 
they may have if only published studies had been included. 
Greater emphasis in special education is being placed on 
open science practices to make research findings more 
trustworthy (Cook et al., 2018), including publishing rigor-
ous research that does not result in positive effects (Coyne 
et al., 2016). These changes will likely affect future estab-
lishment of evidence-based practices and guidelines for 
determining studies rated as no evidence.

In reviewing the GG studies, we collected data on two 
variables related to treatment integrity (i.e., 20% of all ses-
sions with integrity percentages of at least 80%). Although 
these indicators are not included in the design standards by 
Kratochwill et  al. (2013), we considered it important to 
report these indicators as treatment integrity data provide 
evidence that procedures were carried out as written and 
changes observed in the experiment were a result of a 
change in participant behavior and not a change in the 

behavior of the experimenters (Barton et al., 2018). Of the 
11 studies included in the meta-analysis, 8 (72.73%) 
included variables related to treatment integrity, thus 
increasing our confidence that the procedures reviewed 
were conducted as described in the study. Instructors should 
feel confident that the GG procedure is likely to be effective 
when used with individuals with autism and ID when con-
ducting the procedure with fidelity.

Although results of the meta-analysis indicate the GG 
procedure is effective and evidence-based, we identified 
only 11 rigorous studies in the literature, even though no 
specific starting date was included in our search and despite 
GG being present in the literature for decades (Wolery et al., 
1992). This leaves room for future researchers to continue 
to strengthen the evidence base through replications with 
other skills, age groups, disabilities, and instructional 
parameters to specifically determine under what conditions 
and for what behaviors the GG procedure is evidence-based 
using contemporary evidence standards. This meta-analysis 
showed the GG procedure has been used most commonly to 
teach individuals with ASD, ID, and multiple disability. 
Although a variety of skills have been taught with GG, fur-
ther investigation is needed to identify specific skills for 
which GG is evidence-based as sufficient studies do not 
exist in a skill area to make this determination. Research is 
needed to identify effectiveness across ages of participants 
and settings as well as providing evidence that instructors 
can implement the procedures with fidelity.

We encountered several limitations while conducting 
the analysis. First, identifying GG studies that met the 
inclusion criteria was challenging because investigators 
adopted various definitions of the procedure and provided 
various levels of detail. Some investigators provided more 
specific information than others in terms of prompt used, 
response interval, and prompt fading, making identifica-
tion and analysis of the procedures difficult. Investigators 
should be technologically clear when reporting methods, 
thereby promoting replicability. Second, we did not ana-
lyze between studies heterogeneity in this study. We rec-
ommend future researchers conduct between study 
heterogeneity and sensitivity analysis while studying 
meta-analytic study about the GG procedure. Third, inves-
tigators often used GG as a component of a treatment 
package (e.g., implementing GG after time delay provided 
for response, Cosbey & Johnston, 2006). When this 
occurred, we excluded the study from analysis, thereby 
potentially failing to capture the potential of the procedure 
when used in combination with other strategies and result-
ing in a relatively smaller number of studies. Fourth, we 
did not weight the score of standards in the study. In quan-
titative meta-analyses, effect sizes can be calculated with 
weighting the number of participants so that studies with 
more participants have a stronger “impact” on overall 
mean effect. We recommend future researchers conduct 
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effect size analyses by weighting the score of standards. 
Fifth, at the time of our analysis, we used the most con-
temporary version of the WWC standards available 
(Kratochwill et al., 2013). Since then, the latest WWC 5.0 
version (WWC, 2022) has been released, and we do not 
know if similar results would have been obtained if this 
version had been used; however, it is likely findings would 
change. In one example, the 5.0 standards require at least 
six data points to be used in the baseline condition of a 
multiple baseline design to meet standards without reser-
vations which is a change from five data points required in 
the previous version. It should be noted that multiple eval-
uation tools exist when synthesizing SCRDs (e.g., Single-
Case Analysis and Review Framework [Ledford et  al., 
2016]; Council for Exceptional Children [Cook et  al., 
2015]; Version 5.0 of WWC Standards [WWC, 2022]), 
and the evaluation tool used may affect the outcome of 
findings used by future researchers. Zimmerman et  al. 
(2018) found the evaluation tool used to synthesize 
research on sensory-based interventions resulted in vari-
ability of findings. Sixth, although our review of the litera-
ture ended in 2020, we reviewed enough studies since the 
first quarter of 2021 to make recommendations that the 
procedure be considered evidence-based; however, future 
studies will need to review research conducted with the 
procedure since that time. Seventh, although we included 
dissertations and unpublished studies to reduce the possi-
bility of publication bias, we did not statistically assess 
publication bias in the study. We recommend future 
researchers to assess publication bias statistically. Despite 
these limitations, we recommend the GG procedure be 
considered evidence-based based on the rigor of our anal-
ysis. However, we also recommend future researchers 
continue to evaluate practices as new standards are devel-
oped while also recognizing studies are often designed 
based on standards existing at the time and should not be 
cast aside as irrelevant for this reason. Sixth, we did not 
analyze moderators by age or disability type, but we rec-
ommend future investigators address this. Last, interrater 
agreement was low; we noted there were different defini-
tions for GG and, in some studies, procedures were not 
explicitly defined. This was an issue with descriptions by 
authors of studies that did not make procedures clear. We 
recommend future investigators improve description of 
procedures.

Conclusion: Implications for Research 
and Practice

In conclusion, although it is clear additional research is 
needed, researchers and practitioners should have confi-
dence the GG procedure can be effective in teaching 
learners with ASD and ID. This meta-analysis adds to the 
literature by identifying another response prompting 

procedure determined to be evidence-based just as other 
prompting procedures have been shown to be effective 
(i.e., constant time delay [Browder et al., 2009], simulta-
neous prompting [Tekin-Iftar et  al., 2019], system of 
least prompts [Shepley et al., 2018]). The specific identi-
fication of evidence-based procedures, including for 
whom and under what conditions they are effective, pro-
vides guidance for researchers in making unbiased rec-
ommendations and for practitioners in selecting practices 
to use.
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