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Purpose : The present study aimed to evaluate the methodological quality and evidence-based
practice (EBP) status of single-subject design (SSD) studies on motivating operations (MOs)
for children with autism spectrum disorder (ASD). existing research varies in design quality,
target behaviors, and reporting standards. This study sought to identify common
characteristics, assess quality indicators, and derive
evidence-based interventions.

Methods: A total of 13 domestic and international SSD studies on MOs with ASD
participants were reviewed. The Horner et al. (2005) quality indicators and the three-point
rating scale refined by Jitendra et al. (2011) were applied. Fach study was rated on 21
quality indicators across categories such as participant description, dependent and
independent variables, baseline conditions, experimental control, and social validity.

Results: Overall, most studies met the majority of quality indicators, particularly in
participant description, setting, measurement reliability, and independent variable implementation.
However, lower fulfillment rates were observed for participant selection criteria,
measurement validity, treatment fidelity, practical application of the independent variable,
and detailed reporting of social validity. These gaps suggest variability in methodological
rigor and the need for clearer reporting of procedures and contextual factors.

Conclusion: SSD research on MOs for children with ASD generally demonstrates strong
adherence to fundamental quality standards, supporting their potential as effective
interventions for communication and social behaviors. Nevertheless, improvement is needed
in reporting fidelity, practical applicability, and generalization outcomes. Future research
should diversify participant demographics, analyze the effects of specific MO types, and
employ multi-method assessments to strengthen the evidence base and applicability of
MO-based interventions.

implications for effective,
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an important theoretical framework

Human behavior is not merely a product of simple
stimulus-response mechanisms, but rather is shaped by
complex interactions between motivational states and
environmental contexts. Particularly in educational contexts,
understanding ‘why learners’ behaviors do not occur is
essential for establishing effective intervention strategies.

From this perspective, the concept of Motivating Operations
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(Michael, 1993).

Motivating operations (MO) are defined as environmental
variables that temporarily alter the reinforcing effectiveness
of specific stimuli and regulate the likelihood of occurrence
of related behaviors. In other words, they serve as
antecedent conditions that ‘make behaviors happen’ rather
than simply reinforcing behaviors, making them a core
concept in behavioral intervention and instructional
strategies (Laraway et al., 2003). MO can be broadly
categorized into unconditioned motivating operations (UMO),
based on biological states such as hunger and sleep
deprivation, and conditioned motivating operations (CMO),

formed through learning (Martin & Pear, 2011). In
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educational settings, strategies that intentionally manipulate
these MOs to induce spontaneous behaviors in learners are
widely utilized and have proven to be effective tools for
eliciting functional communicative behaviors (Sundberg &
Michael, 2001). While MO application is possible for all
learners, its importance is particularly emphasized for
children with developmental disabilities. Children with
developmental disabilities typically show developmental
delays in language, cognitive, and social domains, and
natural behavior induction through intrinsic motivation or
social stimuli is often difficult. While typical children can
be sufficiently motivated by peer attention or teacher
praise, children with developmental disabilities tend to be
less responsive to such natural reinforcing stimuli (Koegel
et al., 1997). Therefore, for these children, it is essential
to artificially assign value to reinforcers through clear
motivational manipulation and induce desired behaviors.
Indeed, numerous studies have reported increases in
(mand)

behaviors  in

behaviors or
children  with

spontaneous requesting
information-seeking
developmental disabilities after utilizing MO (Betz et al.,
2010; Roy-Wsiaki et al, 2010; Sundberg et al., 2017).
This approach goes beyond simple temporary behavior
induction, enabling children to recognize that they can
control their environment through language, which can
lead to expanded self-efficacy and social participation.
The motivational operations described above are
antecedent stimulus changes or antecedent stimulus
conditions that alter the reinforcing effects of other
stimuli and subsequently change some dimension of
responses or members of response classes associated with
stimuli that establish or abolish the value of reinforcers
(Belfiore et al., 2016; Laraway et al., 2003; McGill, 1999;
Michael, 2000). Conditioned motivating operations are
broadly classified into reflexive conditioned motivating
operations (CMO-R), surrogate conditioned motivating
operations (CMO-S), and transitive conditioned motivating
operations (CMO-T) (Shin & Kim, 2022). CMO-R are
environmental conditions that increase the value of
conditioned negative reinforcement, eliciting behaviors that
reduce or eliminate currently unpleasant situations. CMO-S
are previously neutral stimuli that have acquired motivating
operation effects by pairing with unconditioned stimuli
(Chung et al., 2015), where subjects possess motivating
operations that can cause behaviors when stimuli are
present (Shin & Kim, 2022). CMO-T is an effective
means for acquiring mand skills in children lacking verbal
behavior, where one stimulus momentarily changes the

reinforcing value of the next stimulus (Michael, 1988,
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1993). In other words, in training mands that occur under
functional control related to deprivation states or aversive
stimuli, it is applied or adapted as an effective means to
generate and enhance children’s needs, enabling them to
produce verbal behavior and obtain desired reinforcers
(Chung et al., 2017). Research on instructional strategies
utilizing MO has been progressing. However, existing
studies mostly rely on single-subject designs and show
considerable heterogeneity in research methodology, subject
characteristics, and measurement criteria. Particularly,
comprehensive analysis is lacking regarding which types of
MO are most effective for which behaviors, and which
strategies are appropriate according to specific child
Additionally, of whether

behaviors induced through MO manipulation generalize

characteristics. verification
across various environments and people (e.g., parents,
peers, teachers) and maintain over time has not been
sufficiently conducted, which may serve as a limitation in
actual educational field applications. Therefore, to
objectively verify the practical effects of instructional
strategies utilizing MO, it is necessary to systematically
integrate and analyze accumulated research results rather
than remaining limited to individual single-case studies.
This approach can present the effectiveness of specific
strategies in a more generalizable manner and is useful for
supplementing limitations due to diversity in research
(Glass, 1976. Oh, 2002).

Meta-analysis, which comprehensively analyzes studies

methods and  subjects
conducted on the same research topic to determine effect
size trends, serves as an objective and comprehensive
analytical method for identifying evidence-based practices
by synthetically analyzing previous research on specific
topics (Oh, 2002).

Recently, as the importance of evidence-based practice
(EBP) has been emphasized in special education research,
the need for establishing quality indicator standards for
single-subject research has emerged. Horner et al. (2005)
proposed quality indicators to ensure research quality and
emphasized the necessity of conducting high-quality
research that meets these criteria (Kim & Na, 2010).
Subsequently, Jitendra et al. (2011) sought to supplement
inconsistencies that appeared in the application process of
Horner et al’s (2005) indicators by specifying indicator
descriptions and presenting a 3-point evaluation scale to
confirm application validity (Kim, 2015). Additionally,
previous research demonstrating that rigorously evaluated
EBP interventions provide positive effects for children (Kim
& Na, 2010) supports the importance of interventions

based on scientific evidence. Therefore, the purpose of this
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study is to systematically review domestic and international
single-subject studies related to motivating operations
targeting students with autism spectrum disorder (ASD),
and to evaluate EBP levels by applying a 3-point
evaluation scale based on Horner et al.’s (2005) quality
indicators and Jitendra et al. (2011) evaluation criteria.
Through this, we aim to comprehensively synthesize the
effects of behavioral interventions and instructional
strategies utilizing MO through meta-analysis methods,
thereby exploring effective intervention approaches based on
scientific evidence for educational settings and providing
practical assistance.

To achieve the research purpose, this study aims to
systematically synthesize the effects of behavioral
interventions and instructional strategies utilizing MO
through meta-analysis methods. The specific research
questions are as follows:

Fist, What are the research characteristics of studies
targeting children with autism spectrum disorders?

Second, What are the moderating variables for the
effects of motivating operations training targeting children
with autism spectrum disorders?

Third, What are the quality indicators for motivating
operations interventions targeting children with autism

spectrum disorders?

Il. Methods

1. Literature selection procedures and criteria

The method for selecting studies for analysis in this
research was implemented as follows. First, domestic
literature was searched through the Korea Education and
Research Information Service (RISS), Kyobo Scholar,
DBpia, Korean Studies Information Service System (KISS),
and Google Scholar, while international literature was
searched through EBSCO, Education Resource Information
Center (ERIC), and other databases. To analyze all
existing previous studies that implemented motivating
operations interventions, searches were conducted
focusing on literature published in domestic and
international  professional  academic  journals and
dissertations, using keyword combinations of ‘motivating
operations: MO’, ‘establishing operation: EQ’, ‘abolishing
operation: AO’, ‘conditioned motivating operation: CMQO’,
‘surrogate conditioned motivating operation: CMO-S,

‘transitive conditioned motivating operation: CMO-T,

Autism Spectrum Disorder

‘reflexive conditioned motivating operation: CMO-R’,
‘autism’, ‘autism spectrum’, ‘autism spectrum disorder’,
‘developmental disability’, ‘developmental delay’, ‘language
developmental disorder’, ‘intellectual disability .

Second, considering cases where searches might fail
due to spacing differences in identical terms when
entering search keywords, searches were conducted
applying spacing to all possible cases. Third, pre-post
tests with internal validity issues were excluded. Fourth,
as this study aims to calculate effect sizes for
meta-analysis of intervention effects, papers that did not
clearly present data points for effect size calculation were
excluded. Fifth, only studies were selected for analysis
where motivating operations, surrogate conditioned
motivating operations (CMO-S), transitive conditioned
motivating operations (CMO-T), reflexive conditioned
motivating operations (CMO-R), etc., were explicitly
specified in the operational definitions of dependent
variables. After reviewing the search criteria presented

above, 13 papers were finally selected for analysis.

2. Date analysis

To analyze domestic and international previous studies
on motivating operations in this research, the analytical
framework presented by Kim and Na (2010) was used. For
quality indicator analysis, the quality indicators presented
by Horner et al. (2005) were analyzed, with detailed
quality analysis indicators classified as: (Ddescription of
research participants (research participants, participant
selection criteria, environmental description), @dependent
variables (dependent variables, measurement process,
frequency), ®
independent variables (independent variables, independent

measurement  validity, measurement
variable manipulation, implementation fidelity), @baseline

(dependent  variable measurement, baseline period
description), ®experimental control and internal validity
(experimental effects, internal validity, results), ®external
validity (replication of effects), @social validity (social
importance of dependent variables, magnitude of change in
(PND),

cost-effectiveness of independent variable implementation,

dependent variables practicality and
implementation characteristics of independent variables).
Furthermore, to meet EBP criteria for single-subject
research, a minimum of 5 studies must demonstrate
intervention effects by satisfying all 21 quality indicators
(Horner et al., 2005). For social validity analysis, previous
studies (Kang & Park, 2014; Kim, 2015; Seo & Na, 2012)

were modified and supplemented for use. To analyze
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domestic and international previous studies on motivating
operations in this research, the analytical framework
presented by Kim and Na (2010) was used. For quality
indicator analysis, the quality indicators presented by
Horner et al. (2005) were analyzed, with detailed quality
analysis indicators classified as: Mdescription of research
participants (research participants, participant selection
criteria, environmental description), @dependent variables
(dependent variables, measurement process, measurement
validity, measurement frequency), ®independent variables
(independent variables, independent variable manipulation,
implementation fidelity), @baseline (dependent variable
measurement, baseline period description), ®experimental
control and internal validity (experimental effects, internal
validity, results), ®external validity (replication of effects),
(Dsocial validity (social importance of dependent variables,
magnitude of change in dependent variables (PND),
practicality and cost-effectiveness of independent variable
implementation,  implementation  characteristics  of
independent variables).

Furthermore, to meet EBP criteria for single-subject
research, a minimum of 5 studies must demonstrate
intervention effects by satisfying all 21 quality indicators
(Horner et al., 2005). For social validity analysis, previous
studies (Kang & Park, 2014; Kim, 2015; Seo & Na, 2012)

were modified and supplemented for use.

3. Effect size

Since the distribution of the collected group did not

satisfy the assumption of normal distribution, the
Percentage of Non-Overlapping Data (PND) using a
non-regression approach was calculated (Campbell &
Herzinger, 2009; Parker et al, 2011). The number of
intervention phase data points that did not overlap with
baseline phase data points was divided by the total
number of intervention phase data points and multiplied
by 100, analyzing graphs presented for each research
subject. Individual situations, participants, and behavioral
data from multiple baseline designs and multiple probe
baseline designs were considered as separate designs,
comparing baseline and intervention phase data.

The d value was calculated and presented to examine the
degree of change in the intervention phase based on the
mean and standard deviation of the baseline phase (Hedges
et al, 2012; Parker et al., 2011). Additionally, Tau-U
analysis was conducted to calculate effect size. Through
non-parametric statistics that control for unintended

positive trends in the baseline phase and compare the
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non-overlap ratio between baseline and intervention phases,

significant increase intervals between baseline and
intervention phases were compared (Parker et al., 2011).
Bffect sizes are positioned between -1 and ‘+1°, with
Tau-U values of .93 or higher interpreted as very large
intervention effects, .66-.92 as medium effects, and .65 or
lower as small intervention effects (Parker & Vannest,

20009).

4, Quality indicator analysis

For quality indicator analysis addressing research
question 3, quality indicators and evaluation scale criteria
were referenced through the analytical method of Horner
(2005).

indicators  were

et al Item-by-item descriptions of quality

modified and supplemented with
reference to Kim (2015). The quality indicators and
evaluation scale criteria for single-subject research are

presented in Appendix 1.

5. Inter-rater reliability

For reliability analysis, the study included the
researcher, one master's student in special education
behavioral therapy, and one expert with over 7 years of
clinical field experience who graduated with a doctorate
in special education. Inter-rater reliability was calculated
through 30% of all analyzed literature, showing high
agreement at 95.3%. Qualitative analysis was conducted,
yielding inter-rater reliability of 96.07%, calculated by
dividing the sum of agreed and disagreed counts between

raters and multiplying by 100.

ll. Results

1. General characteristics

1) Participants

To examine the effects of motivating operations, 13
studies were selected for analysis. A total of 31 children
participated in the studies, consisting of 25 boys (80.7%)
and 6 girls (19.4%). By age, there were 8 children aged 3
years (25.8%), 8 aged 4 years (25.8%), 7 aged 5 years
(22.6%), 5 aged 6 years (16.1%), 2 aged 7 years (6.5%),
and 1 aged 14 years (3.3%). Regarding communication
type, 29 children (93.6%) used spoken language, while 4
children (12.9%) used both speech and gestures. In terms
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of school level, preschool was the most frequent setting
with 9 studies (69.2%), followed by elementary school in 2
studies (15.4%), middle school in 1 study (7.7%), and both

preschool and elementary school in 1 study (7.7%).

Autism Spectrum Disorder

2) Interventionists and settings
Among the 13 studies, the interventionists were researchers
in 8 studies (61.6%), special education teachers in 2

studies (15.4%), and parents, researchers, and behavior

therapists jointly in 2 studies (14.4%). Regarding
Table 1. Participants’ information
No Hutior Camdien Communication Selhol Interventionist Setting Rese?rch 10 SD  Maint.
(year) (n/age) level design type
1 Choi (2023) Male Speech, Preschool Parents, Clinic MP-S CMO-T 30 Y
(3/5, 6, 7) Gestures Researchers,
Behavior
therapists
2 Endicott & Higbee Male Speech Preschool Researchers  Classroom MB, ME  CMO-T, 5~10 Y
(2007) /3, 4, 4, 5) CMO-R,
CMO-S
3 Fragle et al. Male Speech Elementary  Researchers  Classroom, ME CMO-T 10~20 N
(2012) (1/6), Cafeteria
Female
/6, 6)
4 Han (2019) Male Speech Preschool Researchers Clinic MP-B CMO-T 10 Y
/3, 5
Female
1/3)
5 Yim (2019) Male Speech Preschool,  Researchers Clinic MP-P CMO-T 20 Y
(2/4, 10) Elementary
Female
(1/9
6 Chung et al. (2017) Male Speech Preschool Researchers Clinic MP-B CMO-T 10 Y
(1/3)
7 Kim (2015) Male Speech Preschool ~ Researchers Home, MP-B CMO-T 40 Y
(1/6) Clinic
Female
(1/4)
8 Kim (2018) Male Speech Preschool Therapists Clinic MP-P CMO-T 20 Y
/3, 5
Female
(1/4)
9 Marion et al. Male Speech Preschool Researchers Home MB CMO-T, 10~20 N
(2012) (/3. 4. 5) CMO-R,
CMO-S
10 Ryu (2023) Male Speech, Preschool Parents, Home, MP-P CMO-T 20 Y
(3/3, 4, 5) Gestures Researchers, Clinic
Behavior
therapists
11  Singer-Dudek et al. Male Speech Preschool Researchers  Classroom MP CMO-T 15~20 Y
(2017) (1/3)
Female
(1/3)
12 Ward & Shukla Male Speech Elementary Special Special MB CMO-T 20~30 N
Methta (2019) 4/5, 5, 6, 7) education class
teachers
13 Yang & Park Male Speech Middle Special Special MP-B CMO-T 20 Y
(2020) (1/14) education school
teachers

Note. MP-S=multiple probe across settings; MB=multiple baseline; ME=multielement design; MP-B=multiple

MP-P=multiple probe across participants; SD=session duration (per session).

probe across behaviors;
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Table 2. Overall effect size related to motivational manipulation

95% CI

Model k Hedes'g

Lower

Q (%) Tau? p
Upper

Random effect model 31 5.12 2.81

7.42 232.92 94.85 14.70 p<.001

Note. k=number of effect sizes.
“p<.001

intervention settings, treatment rooms were reported in 5
studies (38.5%), classrooms, homes, and treatment rooms
in 2 studies (15.4%), special classes or special schools in
1 study (7.7%), and classrooms combined with school
cafeterias in 1 study (7.7%).

3) Research design

The most frequently used research design was the
multiple probe design across behaviors, applied in 4
studies (31.1%). This was followed by multiple baseline
designs across participants in 3 studies (23.1%), multiple
baseline designs across behaviors in 3 studies (23.1%), a
multielement design in 2 studies (15.4%), a multiple probe
design across participants in 1 study (7.7%), and a

multiple baseline design across settings in 1 study (7.7%).

4) Intervention duration and maintenance

The average intervention session lasted approximately
(14.3%)
reported sessions lasting less than 10 minutes, 2 studies
(14.3%) reported less than 20 minutes, 3 studies (21.4%)
reported less than 30 minutes, and 7 studies (50.0%)

24.82 minutes. More specifically, 2 studies

reported more than 30 minutes. Furthermore, maintenance —
defined as the continued demonstration of target behaviors
after the termination of intervention, providing evidence of
intervention effectiveness and enhancing both social and
ecological validity (Lee et al., 2000) —was assessed in 10
of the 13 studies (77.0%), while 3 studies (23.0%) did not

examine maintenance.

5) Types of motivating operations

Among the types of motivating operations, CMO-T was
the most frequently implemented, appearing in 10 studies.
In addition, two studies employed a combined use of
multiple motivating specifically CMO-T,
CMO-R, and CMO-S.

operations,

2. Moderator analysis of the effects of motivating
operation training

model (RE)

examine the

A random-effects meta-analysis  was

conducted to overall effect size of
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motivating operation programs for children with autism
spectrum disorder. Across 13 studies (4=31 cases), the
overall effect size was Hedges'g=5.12 (95% CI [2.81,
7.42)), indicating a very large and statistically significant
effect (p{.001). Tests of heterogeneity revealed substantial
variability, 1=94.85% (Q=232.92, p{.001), suggesting that
approximately 95% of the total variance was due to true
differences across studies, reflecting characteristics of the
study participants. In addition, the Tau® value was 14.70,
indicating a considerable degree of variance in effect sizes
across studies. The overall effect size related to motivating
operations is presented in Table 2.

Next, moderator variables related to the effects of
motivating operation programs were examined across the
13 single-subject design studies, wusing effect size
indicators such as d Tau-U, and PND (percent of
non-overlapping data). The d values ranged from 2.65 to
8.24, with an overall average suggesting very large effects.
The highest d value was reported in Choi (2023) (&=
8.24), whereas the lowest appeared in Fragle et al. (2012)
(£2.65). Tau-U values ranged from .39 to 1.00, with
most studies reporting values above .90, indicating strong
intervention effects. Although Ward and Shukla Mehta
(2019) reported a relatively low Tau-U of .39, all other
studies demonstrated values of .87 or higher. PND values

ranged from 62.50% to 100.00%, with approximately 77%

Table 3. Effect size according to moderate variables by author

No Author (year) d Tau-U PND
1 Choi (2023) 8.24 1.00  100.00
2 Endicott & Higbee (2007) 2.89 .96 77.45
3 Fragle et al. (2012) 2.65 .87 86.43
4 Han (2019) 3.32 .93 100.00
5  Yim (2019) 3.12 .94 95.00
6 Chung et al. (2017) 342 .97 95.24
7 Kim (2015) 3.24 .96 94.28
8 Kim (2018) 3.11 .94 92.21
9 Marion et al. (2012) 3.67 1.00 94.43

10 Ryu (2023) 2.96 .90 89.44

11  Singer-Dudek et al. (2017) 3.47 .96 100.00

12 Ward & Shukla Mehta (2019) 2.71 .39 62.50

13 Yang & Park (2020) 3.06 91 91.07
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Table 4. Analysis of the qualitative level of arbitration

Autism Spectrum Disorder

Number of papers (%)

Category Quality indictor
1 2 3
Participant description (e.g., age, gender, disability) 0( 00 0( 0.00 13 (100.0)
Participants Participant selection criteria 0( 00 3(23.1) 10(769
Setting description 0( 0.0 0( 0.0 13 (100.0)
Description of dependent variable 0( 0.0 2(154) 11 (84.6)
Measurement procedures 0( 0.0 0( 0.0 13 (100.0)
Dependent variables Validity of measurement / reporting 0( 00 2(154) 11 ( 84.6)
Frequency of measurement 0( 00 0( 00 13 (100.0)
Reliability of measurement 0( 0.0 0( 0.0) 13 (100.0)
Description of independent variable 0( 0.0 0( 0.0 13 (100.0)
Independent variables Manipulation of independent variable 0( 00 0( 00 13(100.0)
Fidelity of implementation 3(23.1) 0( 00 10(769
Measurement of dependent variable 0( 0.0 1( 77 12(923)
Baseline
Description of baseline conditions 0( 0.0 0( 0.0 13 (100.0)
Demonstration of experimental effect 0( 0.0 4 (30.8) 9 (69.2)
Experimental control / Internal validity 0( 00 0( 00 13(100.0)
Internal validity
Results 0( 00 0( 0.00 13 (100.0)
External validity Replication of effect 0( 00 0( 00 13 (100.0)
Social importance of dependent variable 0( 00 3(23.1) 10(76.9
Magnitude of change in dependent variable 0( 00 1( 77 12(923)
Social validity
Practicality / inefficiency of independent variable 0( 00 5(38.5) 8 (61.5)
Characteristics of independent variable performance 0( 00 0( 00 13 (100.0)

Note. 1=not met; 2=partially met: 3=met.

of the studies exceeding 90%. Notably, Choi (2023),
Singer-Dudek et al. (2017), and Han (2019) reported PND
values of 100%, reflecting extremely high intervention
effects. In contrast, Ward and Shukla Mehta (2019) yielded
the lowest PND value of 62.50%.

Overall, the studies included in this meta-analysis
effect sizes and

demonstrated very large strong

intervention outcomes, with most studies reporting
substantial and meaningful improvements, particularly in the

indices of PND and Tau-U.

3. Analysis of the quality of intervention

In this study, a three-point rating scale analysis was
conducted based on the single-subject research quality
indicators proposed by Horner et al. (2005) and the
evaluation criteria suggested by Jitendra et al. (2011). The
results are presented in Table 4.

First, regarding participant description, information on

participants (e.g., age, gender, disability) and settings was
fully met, whereas participant selection criteria were only
partially met in 3 studies and fully met in 10 studies.

Second, within the dependent variables, measurement
procedures, measurement frequency, and reliability of
measurement were satisfied in 11 studies. In contrast,
descriptions of dependent variables and the validity of
measurement were only partially satisfied in 2 studies
each.

Third, for independent variables, descriptions of the
independent variables and their implementation were
satisfied in 10 studies. However, treatment fidelity was
not satisfied in 3 studies.

Fourth, concerning baseline conditions, descriptions of
the baseline phase were fully satisfied across all studies.
For measurement of the dependent variable, 12 studies
satisfied the criteria, while 1 study was only partially
satisfied.

Sixth, regarding experimental control and internal

validity, all 13 studies met the criteria for internal validity.
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In terms of experimental effects, 9 studies fully satisfied
the criteria, while 4 studies partially satisfied them.

Seventh, for external validity, all 13 studies met the
criterion for replication of effects.

Eighth, within social validity, all 13 studies satisfied the
criterion for the performance characteristics of the
independent variable. In contrast, the magnitude of
change in the dependent variable was satisfied in 12
studies and partially satisfied in 1 study. The social
importance of the dependent variable was satisfied in 10
studies and partially satisfied in 3 studies. Finally, the
practicality and cost-effectiveness of implementing the
independent variable were satisfied in 8 studies, while 5

studies only partially satisfied this criterion.

IV. Discussion and Conclusion

In this study, a meta-analysis was conducted on the
intervention effects of motivating operations (MOs) for
children with autism spectrum disorder (ASD), using both
domestic and international research.

First, a total of 31 participants were included across
the analyzed studies, consisting of 25 boys (80.7%) and 6
girls (19.4%). In terms of school level, preschool was the
most common setting with 9 studies (69.2%), followed by
elementary school (2 studies, 15.4%), middle school (1
study, 7.7%), and preschool combined with elementary
school (1 study, 7.7%). Regarding age distribution, 8
participants were aged 3 years (25.8%), 8 were aged 4
years (25.8%), 7 were aged 5 years (22.6%), 5 were aged 6
years (16.1%), 2 were aged 7 years (6.5%), and 1 was
aged 14 years (3.3%). This supports previous findings that
the earlier intensive interventions are initiated for
children with ASD, the more positive the prognosis
(National Research Council, 2001). Lovaas (1987) similarly
reported that children who received early intensive
interventions showed not only greater functional
improvement but also successful integration compared to
those receiving minimal intervention.

With respect to interventionists, most studies were
conducted directly by researchers, many of whom were
specialists in behavior modification working as therapists
in clinical settings or as practitioners in the field. This
suggests that the interventions closely reflect practical
approaches to addressing problem behaviors in classrooms or
schools. However, in contrast to Park and Shim (2021),
who emphasized team collaboration (parents, researchers,

and therapists) for the reduction and maintenance of
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problem behaviors, only 2 studies (14.4%) in the present
analysis involved such collaborative efforts. This indicates a
need for further studies adopting a team-based approach.
Supporting this, Park and Kim (2022) reported that 58.9%
of ASD students in Korea are educated in inclusive or
special classes, and that their problem behaviors in school
contexts often require intensive interventions. Considering
that most participants in the present analysis were
preschoolers, the findings suggest that motivating operation
programs targeting mands were effectively implemented
across diverse settings such as clinics, classrooms, homes,
and special classes.

Second, analysis of single-subject research designs
showed that the multiple probe design across behaviors
was the most frequently used, reported in 4 studies
(31.1%). This was followed by multiple baseline designs
across participants (3 studies, 23.1%), multiple baseline
designs across behaviors (3 studies, 23.1%), multielement
designs (2 studies, 15.4%), multiple probe design across
participants (1 study, 7.7%), and multiple baseline design
across settings (1 study, 7.7%). The multiple probe design
across behaviors is particularly suitable for examining
intervention effects across diverse participants, behaviors,
and contexts, while addressing issues of time and
resource constraints inherent in continuous baseline data
collection. This design also allows researchers to manage
participant reactivity and ensures baseline stability
assumptions (Lee et al., 2000), making it effective for
evaluating the functional impact of independent variables
(Kim & Na, 2010).

Third, regarding the types of motivating operations,
CMO-T (transitive conditioned motivating operation) was
the most frequently applied, used in 10 studies. This
reflects the tendency of children with ASD to have
limited or situationally specific natural motivation for
social interaction and communication (Charlop et al.,
2018), which can hinder the

generalization of new communication skills. CMO-T is a

acquisition  and

form of conditioned motivating operation in which
specific stimuli or situations render other stimuli
reinforcing and evoke behaviors that enable access to
them (Michael, 1993)

In ASD interventions, the frequent use of CMO-T can
be explained as follows. First, it creates artificial
motivational contexts for children with limited natural
motivation, thereby promoting communicative behaviors.
Second, CMO-T provides

opportunities by

functional communication

prompting  children to  use

information-seeking mands such as “where” or “what” to
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obtain desired reinforcers (Endicott & Higbee, 2007;
Shillingsburg et al., 2011). Third, applying CMO-T across
diverse situations and contexts increases the likelihood of
generalization and maintenance of acquired communication
skills. Fourth, because reinforcers are provided immediately,
the association between behavior and consequence is
strengthened, thereby enhancing learning motivation. Finally,
beyond simple requests for tangible items, CMO-T
contributes to the development of cognitive and social skills
such as problem-solving and higher-order question-asking
(Marion et al., 2012).

Fourth, in order to examine the effectiveness of
(MO)-based
spectrum disorder (ASD), a

motivating interventions  for

children with

operation
autism
meta-analysis was conducted using a random-effects
model. A total of 13 studies (431) were included, and the
overall effect size was Hedges'g=5.12 (95% CI [2.81,
7.42]), indicating a very large and statistically significant
effect (p(.001). This finding suggests that MO-based
interventions exert a substantial and powerful influence on
improving target behaviors in children with ASD (Marion et
al., 2012; Michael, 1993).

The test of heterogeneity revealed a very high level of
variability, with 2=94.85% (Q=232.92, p<.001), indicating
substantial heterogeneity in effect sizes across studies.
Such high heterogeneity is likely attributable not only to
methodological differences —such as participants’ age, type
of intervention, measurement tools, intervention duration,
and frequency —but also to the diversity of individual
characteristics among children with ASD (Endicott &
Higbee, 2007; Shillingsburg et al., 2011). In particular, the

2 value was estimated at 14.70,

Tau suggesting a
considerable variance in effect sizes across studies. This
indicates that although the overall effects of motivating
operation (MO)-based interventions are large, the specific
magnitude of effects may vary significantly depending on
the context and conditions of individual studies
(Viechtbauer, 2010).

The findings of this study support the conclusion that
MO-based procedures, particularly the use of transitive
conditioned motivating operations (CMO-T), can serve as
effective strategies for enhancing communication and
social behaviors in children with ASD (Endicott & Higbee,
2007; Marion et al., 2012). For this reason, CMO-T has
been widely utilized as a core procedure in language
interventions for ASD, especially in training mands for
information, with consistent evidence of effectiveness
across studies. However, given the high heterogeneity,

future research should more clearly report intervention

Autism Spectrum Disorder

conditions and participant characteristics, and apply
standardized procedures to reduce variability in effect
sizes. Furthermore, to verify whether the large effect sizes
identified

practice, additional studies are needed across diverse

through meta-analysis are replicable in
settings and contexts.

In addition, the present study examined the quality of
single-subject research conducted with children with ASD
by applying the quality indicators proposed by Horner et
al. (2005) and Maggin et al. (2014). Thirteen studies were
reviewed, and each indicator was rated on a 3-point scale
(1=not met, 2=partially met, 3=met). Overall, most
indicators demonstrated a high level of adherence. In
particular, fundamental elements of research reporting—
such as participant descriptions (age, gender, disability
type), description of settings, reliability of dependent
variable measurement, description and implementation of
independent variables, description of baseline conditions,
internal validity, outcome reporting, replication of effects,
and performance characteristics of the independent variable
—were fully satisfied (100%) across all studies. These
results suggest that the analyzed studies faithfully adhered
to essential design and reporting standards.

A closer examination revealed that all studies clearly
reported participant characteristics such as age, gender,
and type of disability. Similarly, contextual descriptions,
including intervention settings, locations, and
interventionists, were presented in detail. In addition, the
reliability of dependent variable measurement, procedures
for manipulating independent variables, description of
baseline phases, assurance of internal validity, clarity of
outcome reporting, and replication of results were all rated
as fully satisfied (score=3) across studies. This suggests
that single-case design research involving children with
ASD maintained a strong commitment to replicability and
transparency throughout the research process.

However, some indicators demonstrated relatively lower
levels of fulfillment. Participant selection criteria were
fully satisfied in only 76.9% of the studies, with the
remaining 23.1% rated as partially satisfied. This indicates
that certain studies lacked sufficient detail regarding
selection processes, diagnostic procedures, or inclusion
Similarly,  descriptions of
dependent variables (84.6% fully satisfied, 15.4% partially

satisfied) and reporting of measurement validity (84.6%

and exclusion criteria.

fully satisfied, 15.4% partially satisfied) were sometimes

insufficient in providing operational definitions or
evidence supporting the validity of measurement tools.

Fidelity of implementation was another area of
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concern, with 76.9% of studies fully meeting the criterion,
while 23.1% failed to address it. Fidelity is a critical
factor that verifies whether an intervention was carried
out as intended, directly influencing the interpretation
and replicability of intervention effects (Noell et al.,
2005). In several studies, procedures or results related to
fidelity were not reported, limiting the ability to evaluate
the consistency of implementation and its applicability in
real-world contexts.

The practicality and inefficiency reporting of
independent variables also emerged as an important area
for improvement. Practicality reflects whether an
intervention is feasible in educational or clinical settings,
and whether it may be ineffective under certain
conditions. Yet, 38.5% of studies only partially satisfied
this criterion, suggesting a need to strengthen reporting
to enhance practical validity.

Regarding social validity, while descriptions of
dependent variable importance, magnitude of change, and
characteristics of independent variable implementation
were largely satisfied, some studies lacked sufficient
discussion about whether the observed behavioral changes
were meaningful in real-life contexts. Social validity is
critical in ASD intervention research, as it ensures that
outcomes are not only statistically significant but also
lead to positive and functional changes in everyday life
(Horner et al., 2005).

In sum, the results of this quality indicator analysis
demonstrate that single-case studies involving children
with ASD generally maintain high reporting quality.
fidelity —of

implementation, practicality/inefficiency of independent

Nonetheless, several domains—including
variables, participant selection criteria, and measurement
validity —require more explicit and detailed reporting.
Future research should systematically evaluate quality
indicator adherence and align research design and reporting
practices with internationally recognized standards. By
adopting methodological rigor as emphasized by Maggin et
al. (2014) and adhering to evidence-based practice criteria
proposed by Horner et al. (2005), the quality of ASD
intervention research can be further enhanced. Such efforts
will ensure that research findings are more effectively
translated into educational and clinical practice, ultimately
contributing to improved quality of life for children with
ASD.

Based on the conclusions and discussion drawn from
this study, the following limitations and suggestions for
future research on motivating operations (MOs) for

children with autism spectrum disorder (ASD) can be
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identified:

First, this study analyzed 13 single-case design studies
to evaluate quality indicators. However, the sample size
was limited, and the inclusion and exclusion criteria
during the selection process were not applied with
sufficient rigor. In particular, the analyzed studies were
heavily concentrated in certain countries and researcher
groups, making it difficult to generalize the findings
across diverse cultural contexts and environments. Future
research should incorporate studies conducted in a wider
range of cultural and linguistic settings to more
comprehensively examine both the effects of MO-based
interventions and the quality of reporting.

Second, the quality indicator analysis was conducted
solely on the basis of information reported in published
research articles. As such, details not explicitly stated in
the reports or contextual variables in actual intervention
settings could not be fully reflected. For example, items
such as fidelity of implementation and the practicality or
inefficiency of independent variables may have been
carried out appropriately in practice, but were rated as
“not met” or ‘partially met” due to insufficient reporting.
Future research should therefore consider using multiple
sources of information—such as researcher interviews,
observational records of the intervention process, and
reviews of raw data—to improve the accuracy of quality
assessments.

Third, while this study focused on analyzing the extent
to which quality indicators were satisfied in MO-related
interventions, it did not examine in depth how specific
types of motivating operations (e.g., CMO-T, CMO-S,
CMO-R),

participant

variations in intervention procedures, or

characteristics (e.g., developmental level,
communication abilities) might influence both effectiveness
and reporting quality. Future studies should conduct
subgroup analyses by MO type and participant
characteristics to determine under what conditions specific
MO strategies are most effective. Such work will
contribute to a more nuanced understanding of motivating

operations and provide clearer guidance for practice.
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Appendix 1. Single-subject study quality indicators and 3-point evaluation scale criteria

Evaluation criteria

Category Quality indicator
1 (Not met) 2 (Partially met) 3 (Met)
Participant information (e.g., age, Did not provide operational definition or Provided operational definition or selection Provided operational definition for disability
gender, 1Q, disability, diagnosis) selection criteria for disability, and criteria for disability, and provided some and provided detailed participant
provided only some or minimal detailed participant information. information
participant information.
Participant selection Not explained: Either presents the results Selection criteria for participants are Clear participant selection criteria are
Participants of a pre-assessment tool or describes explained, and pre-assessment results provided, and pre-assessment results
participant selection criteria, but does are presented. are reported.
not provide the pre-assessment results.

Setting description (e.g., classroom Not described: Only some important Describes some important features of the Provides an accurate description of
type, room arrangement, student- features of the setting are described. setting. important features of the setting
teacher ratio) sufficient to allow replication

Description of the dependent variable Described subjectively, vaguely, or not Adequately  described, but not in Operationally defined in clear terms,

described at all. operational terms. allowing  direct  observation  and
replication

Measurement procedures No quantified indicators of measurement Some quantified indicators of measurement Quantified indicators of measurement are

are provided. are provided, but not for the target provided for all target dependent
dependent variables. variables.

Measurement validity and description Measurement is not valid: only minimal or Measurement is valid: procedures are Measurement is valid: procedures are

Dependent no description of the procedures is described in limited detail. clearly described to allow replication.
variables provided.

Measurement frequency Measurement is not repeated. Measurement is repeated, but the Measurement is repeated frequently, with

frequency is low. at least three data points per condition
or until performance criteria are met.

Measurement reliability (e.g., IOA) No reliability data are reported for any eliability data are reported for some Reliability data are reported for each

dependent variable. dependent variables but not for all, or dependent  variable, meeting the
the data do not meet the minimum minimum standard (IOA = 80%).
standard.

Description of the independent Inaccurate, vague, or not provided. Adequate but lacking sufficient detail. Precise and detailed, allowing accurate
variable (e.g., instructional replication.
materials, procedures, session
length, intervention duration)

Independent Manipulation of the independent Independent variable was manipulated, but Independent variable was manipulated with Independent variable was systematically
variables variable no description of experimental control. only minimal description of experimental manipulated with precise description of

Fidelity of implementation

Procedural fidelity not reported.

control.

Procedural fidelity reported (e.g., use of
teaching scripts) but not directly
measured.

experimental control.

Procedural fidelity directly measured and
reported for the independent variable.
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Baseline

Measurement of the dependent

variable

Description of the baseline phase

Dependent variable measured rarely (only
one or two data points).

Inaccurate, vague, or not provided.

Dependent variable measured frequently,
but baseline not stable before
intervention.

Adequate but lacking detail.

Dependent variable measured frequently
and stable prior to intervention.

Accurate description provided, enabling
replication.

Experimental
control / Internal
validity

Demonstration of experimental effect

Internal validity

Outcome reporting

No demonstration of experimental effect.

Few threats to internal validity controlled.

Outcome patterns do not demonstrate
experimental control.

Experimental effect demonstrated once or
twice.

Some threats to internal validity controlled

Outcome patterns demonstrate partial

experimental control.

Experimental effect demonstrated three or
more times.

Most threats to internal validity controlled.

Outcome patterns demonstrate experimental
control.

External validity

Replication of effect (e.g., across
participants, behaviors, or
settings)

No replication of effect.

Some replication of effect.

Replication of effect demonstrated three or
more times.

Social validity

Social importance of the dependent
variable

Magnitude of change in the
dependent variable (e.g., mean,
PND)

Practicality and cost-effectiveness of

independent variable
implementation
Characteristics ~ of  independent

variable implementation

Not important

Not socially important

No social validity data collected from
intervention providers or participants.

One characteristic of implementation
missing or only partially reported (e.g.,
typical provider, natural setting, or
specified duration).

Moderately important

Moderately socially important

Social validity data reported on 12
features (acceptability, applicability,
effectiveness, sustainability).

At least two characteristics of
implementation reported (e.g., typical
provider, natural setting, or specified
duration).

Important

Socially important

Social validity data reported on at least 3
features (acceptability, applicability,
effectiveness, sustainability).

Independent variable implemented with all
three characteristics: typical provider,
natural setting, and specified duration.

Evidence-based practice (EBP) criteria

At least five single-case design studies must meet the indicators at an acceptable level.
Sufficient evidence must be provided to demonstrate experimental control.

The practice must be demonstrated in studies conducted by at least three different researchers across three or more different settings, and the body of evidence must include at least five studies
with a total of 20 or more participan.
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