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Abstract

Automatically reinforced challenging behavior presents unique intervention challenges because the behavior produces its
own reinforcer. Matched stimulation (Piazza et al., Journal of Applied Behavior Analysis, 31, 165—189, 1998) is a method
of providing access to the putative sensory consequences that maintain challenging behavior through interaction with an
alternative stimulus (e.g., toys, items). This approach may reduce motivation to engage in automatically reinforced challeng-
ing behavior, resulting in response reduction. In this article, we conducted a systematic literature review and meta-analysis
of 32 studies that examined matched stimulation to reduce automatically maintained challenging behavior. We descriptively
coded each article at the participant level to extract information about behaviors, participants, assessments, and intervention
variables and determine how the effects of matched stimulation have been evaluated in the literature. We then conducted
a random effects meta-analysis to estimate the average effects of matched stimulation. We found that matched stimuli pro-
duced a statistically significant decrease in challenging behavior when compared to a control condition and when compared
to unmatched stimuli. Last, we conducted a moderator analysis to explore how assessment and treatment characteristics
influenced the magnitude of effect, which revealed that functional behavior assessment type and number of matched stimuli
moderated intervention effects, whereas the use of competing stimulus assessments and preference assessments did not
moderate the effectiveness of matched stimulation.
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The advent of functional analysis as an assessment meth-
odology (e.g., Iwata et al., 1982/1994; Northup et al., 1991;
Vollmer et al., 1995) to identify variables responsible for
maintaining challenging behavior' significantly increased
the success of interventions to decrease these behaviors
(Campbell, 2003). Functional analyses of challenging
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behavior yield one of three outcomes: (a) The results are
undifferentiated due to low response rates or outcomes that
are not replicable; (b) the behavior is reinforced by socially
mediated reinforcers (e.g., attention and escape); or (c) the
behavior is reinforced by nonsocially mediated reinforcers
(i.e., reinforcers that do not require another individual to
control the reinforcer delivery; Vaughan & Michael, 1982).
When a functional analysis of challenging behavior suggests
that nonsocially mediated reinforcers maintain a behavior,
that behavior is often referred to as automatically reinforced.

Automatically reinforced challenging behavior is often
associated with specific barriers to intervention (LeBlanc

! We understand that the phrasing “challenging behavior” has a
controversial connotation. Readers who see the words “challenging
behavior” should consider the social validity of the target behav-
ior and ask themselves “Challenging for whom? The child or the
researcher?” In this article, we refer to various behaviors that inter-
fere with safety, independent living, least restrictive environment,
and community access for the person with developmental disabilities.
Rather than include this phrasing each time we reference these types
of behaviors, we elected to use the phrase challenging behavior.
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et al., 2000). For example, the reinforcer and its specific
properties (e.g., magnitude) may not be identifiable (Rooker
et al., 2018; Vollmer, 1994). In addition, even if one identi-
fies the properties of reinforcement relevant to automati-
cally reinforced behavior, they may not be able to control its
delivery (Vollmer, 1994). For example, functional commu-
nication training often includes extinction of the challeng-
ing behavior and reinforcement of the alternative behavior
with a functionally matched reinforcer (Tiger et al., 2008).
If the behavior produces its own reinforcer (e.g., biting one's
own tongue for the feeling it produces), the researcher can
neither extinguish this response-reinforcer relation (e.g.,
block the internal feeling produced or removed by biting
the tongue), nor can they deliver this tongue input contingent
on the occurrence of the alternative behavior (Vaughan &
Michael, 1982).

Despite these inherent difficulties in designing interven-
tions for automatically reinforced challenging behavior, the
existing literature details numerous examples of successful
intervention approaches including antecedent-based inter-
ventions (e.g. noncontingent reinforcement [NCR]; Ringdahl
et al., 1997), reinforcement-based procedures (e.g., differ-
ential reinforcement of other behavior [DRO]; Nuernberger
et al., 2013), and interventions that include default compo-
nents (i.e., those that are likely to be effective regardless
of the maintaining function; e.g., Berg et al., 2016; Roscoe
et al., 2013).

Matched Stimulation

One common reinforcement-based method for reducing
automatically reinforced challenging behavior is matched
stimulation. The term matched stimulation implies that
a stimulus used in intervention provides the same sensory
stimulation as the automatically reinforced challenging
behavior and can thereby replace the reinforcers produced by
that behavior, reducing its occurrence. For example, Piazza
et al. (2000) identified shaving cream as a matched stimulus
for saliva because noncontingent access to the shaving cream
led to a reduction in saliva play exhibited by the participant
and was hypothesized to match the sensory reinforcer
provided by saliva play. In addition, some researchers have
evaluated matched stimuli prior to the emergence of the term
“matched stimuli” in the literature. For example, Favell et al.
(1982) discuss potential “sensory match” between their target
behavior and alternative “sensory activities” (e.g., visual
toys). Researchers have since experimentally demonstrated
cases in which matched stimulation successfully reduced
challenging behavior (e.g., Piazza et al., 2000), and instances
in which it did not (e.g., Lanovaz et al., 2009). In addition,
researchers have provided examples of interventions that
incorporated unmatched stimulation producing behavior

reductions equal to or better than those produced by matched
stimulation (e.g., Ahearn et al., 2005).

Given that the underlying stimulus changes produced by
automatically reinforced behaviors can be private events,
researchers can only assume (based on the features of the stim-
ulus and the client response or based on an assessment) that
the selected stimulus will provide the same sensory stimulation
as the challenging behavior. Even a successful reduction in
challenging behavior does not guarantee that matched stimula-
tion is the underlying mechanism responsible for the change
or lack thereof (Lanovaz et al., 2010). The positive effects of
the matched stimulus could be simply because the stimulus
competes as a reinforcer when placed in a concurrent operant
arrangement. One method for evaluating if a stimulus serves
as a completing reinforcer is to conduct a competing stimulus
assessment (CSA). This assessment involves measuring both
challenging behavior and engagement with a stimulus during
a single-stimulus, free-operant arrangement (e.g., Ringdahl
et al., 1997).

Haddock and Hagopian (2020) conducted a systematic lit-
erature review of the effects of stimuli selected using a CSA
on reductions in challenging behavior. Although matched
stimuli are not a requisite feature of a CSA, these authors
coded whether researchers reported stimuli as matched or
unmatched. In their analysis, the authors found that nonfood
stimuli reduced challenging behavior by 80% or more in 38%
of cases in which stimuli were matched and 43% of cases in
which stimuli were unmatched, suggesting minimal difference
in intervention efficacy between these classifications. However,
Haddock and Hagopian also reported that no researchers who
labeled stimuli as matched or unmatched provided a process
for making this distinction. Thus, the stimuli that research-
ers labeled as matched may not have functionally served as a
matched stimulus. In addition, Haddock and Hagopian only
reviewed studies that used a CSA, limiting the sample. In
our own analysis of Haddock and Hagopian’s data, matched
stimuli increased challenging behavior in only 7.69% of cases
whereas unmatched stimuli increased challenging behavior
in 19.44% of cases. Given these limitations, we cannot yet
assume there is no difference in intervention efficacy between
matched and unmatched stimuli.

Variations in Matched Stimulus Interventions
Selection of Matched Stimuli

Researchers have taken a few approaches to identifying
matched stimuli: (a) inferring based on the sensory class
(e.g., Saylor et al., 2012), (b) comparing to unmatched
stimuli (e.g., Piazza et al., 1998), (c) assessing motivating
operations (MO; e.g., Lanovaz et al., 2010) or (d) running
a sensory assessment (e.g., Rincover, 1978). First, some
researchers infer items that are likely to provide matched
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stimulation based on the hypothesized sensory receptors
used when interacting with the stimulus (e.g., Higbee et al.,
2005) and by the properties of the stimulus itself (e.g., Fisher
et al., 1998). For example, poking oneself in the eye does
not involve the gustatoreceptor (the sense receptors located
in the mouth), thus providing a stimulus that involves the
gustatorceptor (e.g., providing a snack) is unlikely to pro-
vide matched stimulation for the client (although it may
provide competing, unmatched stimulation). As another
example, if based on direct observation, a client engages
in pica with soft objects more frequently than hard objects
(e.g., Piazza et al., 1998), the assumption is that soft stimuli
will be more likely to provide matched stimulation. Sec-
ond, other researchers have gone a step further by directly
comparing the hypothesized matched stimuli with hypoth-
esized unmatched stimuli, to validate their hypothesis that
the inferred stimulus was matched (e.g., Taylor et al., 2005).

Third, Lanovaz et al. (2010) proposed another method for
identifying stimuli as matched: a three-component multiple
schedule that begins with a no-interaction condition, then
noncontingent access to the matched stimulus, and a
return to the no-interaction condition. These researchers
argued that even if responding declines in the second
component (matched stimulation) when compared to the
first component (no interaction), it does not mean that the
stimulus is matched. Rather, this reduction could mean that
the stimulus just competes with the source of automatic
reinforcement (e.g., Carr et al., 2000; Haddock & Hagopian,
2020). They suggest that if the stimulus is functionally
matched, the third component will result in lower levels of
challenging behavior than the first, because recent access
to this stimulus would serve as an abolishing operation.
However, if not matched, the stimulus may impose a state of
deprivation for the automatic reinforcer, resulting in higher
levels of challenging behavior during the third component
than the first.

Finally, one other method for determining if a stimulus is
functionally matched is to conduct an assessment to isolate
the specific properties maintaining the challenging behavior
prior to selecting a stimulus. The most common sensory
assessment relies on sensory extinction (e.g., Kennedy &
Souza, 1995; Rincover, 1978). The researchers block one
automatic consequence at a time and see if the target behav-
ior extinguishes. For example, if researchers hypothesize
that spinning items is reinforced by the production of audi-
tory stimulation, they may put carpet on the client’s desk
such that the behavior no longer produces auditory stimula-
tion (Rincover, 1978). If the occurrence of behavior reduces
(and the researchers have demonstrated a functional rela-
tion), they use that automatic consequence when selecting
the matched stimulus. Another variation of this approach
involves experimentally comparing stimuli from each sen-
sory modality. For example, Slocum et al. (2021) directly

compared several stimuli hypothesized to produce audi-
tory and tactile information and experimentally identified
which class of stimuli successfully reduced the challenging
behavior.

Although researchers may use any of these methods to
identify their stimuli as potentially matched, they may also
supplement their decision making with a CSA, preference
assessment (PA), or both. For example, Gibbs et al. (2018)
inferred based on the sensory class of the target behavior
that auditory stimuli would be matched to the reinforcers
produced by vocal stereotypy. However, they also conducted
a multiple stimulus without replacement PA and CSA to
narrow the broad class of auditory stimuli to the specific
stimulus used in their experiment (music). Given the exten-
sive evidence that stimuli selected using PAs are likely to
serve as reinforcers (e.g., Lee et al., 2010) and that stimuli
effective in reducing challenging behavior in a CSA are also
effective in extended assessments (Haddock & Hagopian,
2020), it seems reasonable that supplementing the matched
stimulus selection method with a PA or CSA may increase
success of the procedure. In fact, in a systematic review
focused on self-injury, CSAs were better predictors of inter-
vention success than preference assessments (Rooker et al.,
2018).

Matched Stimulus Implementation

Just like any other stimulus, matched stimuli can be deliv-
ered on a variety of schedules such as following the omission
of challenging behavior (e.g., Lanovaz & Argumedes, 2010),
noncontingently (e.g., Llinas et al., 2022), or the individual
could have free access to the stimulus (e.g., Love et al.,
2012). In a systematic review, Rooker et al. (2018) found
that NCR was the most frequently published intervention
for automatically reinforced self-injurious behavior and the
most effective. Although these findings may not hold when
stimuli are matched (rather than arbitrary), it does provide
evidence that differences in reinforcer delivery methods
(e.g., DRO, NCR) can differentially affect outcomes.

Behaviors and Participants

Some variations in matched stimulus research relate directly
to the target behavior or participant characteristics. For
example, the topographies of behaviors targeted for reduc-
tion tend to vary across and within studies (e.g., vocal stereo-
typy to nail biting; Lanovaz & Sladeczek, 2011; Zawoyski
et al., 2014). Considered conceptually, the topography of
behavior is less likely to affect behavior reduction than the
function of the behavior (Cooper et al., 2020, pp. 630). For
example, Campbell (2003) conducted a qualitative synthesis
of 181 individuals with autism spectrum disorder and found
that the topography of the target behavior did not moderate
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the effects of intervention. However, this topography infor-
mation may still be important for practitioners interested in
using matched stimulation with their clients, who may feel
more comfortable replicating a study with a dependent vari-
able topography similar to their client’s.

In addition, the method researchers use to determine that
the target behavior is maintained by automatic reinforcement
could differentially affect outcomes. When researchers use
an assessment that does not have perfect alignment with an
experimental analysis (i.e., the gold standard; Oliver et al.,
2015), the confidence in their determination of function is
greatly reduced. At present, the literature suggests mixed
findings on this topic. For example, Campbell (2003) found
that the use of an experimental functional analysis moder-
ated intervention effects. However, in a recent study, Call
et al. (2024) used functional communication training with
participants whose functional behavior assessment (FBA)
did and did not include an experimental analysis. They found
no difference in intervention outcome based on the FBA
type. We cannot be sure if these findings would hold for
automatically reinforced behavior for which interventions
based on matched stimulation are used.

Likewise, little is known about the individuals with whom
matched stimuli have been successfully used. Wolery and
Ezell (1993) note that in single-case literature, status vari-
ables (i.e., variables that do not change) such as age and
disability may be less likely to affect intervention outcomes
than functional variables (i.e., variables that explain current
baseline performance). However, like behavioral topogra-
phy, aggregating this information across matched stimulus
studies would still allow for identification of the bounds of
this literature (e.g., with whom have matched stimuli most
often been evaluated).

Purpose

To date, no researchers have synthesized the literature on
matched stimuli. As mentioned previously, some reviews did
consider whether a stimulus was matched (e.g., Haddock &
Hagopian, 2020), but their search criteria (i.e., must use a
CSA) were unlikely to capture all matched stimulation studies.
We believe a systematic review is warranted for several rea-
sons. Aggregating studies that evaluate matched stimuli would
allow practitioners interested in using matched stimuli with a
client to easily identify a study similar to their context (e.g.,
behavioral topography, functional characteristics). In addi-
tion, this synthesis would allow us to identify potential future
research directions based on identified gaps in the literature.

A meta-analysis may also be warranted to identify the
overall efficacy of interventions based on matched stimula-
tion. Haddock and Hagopian (2020) classified an 80% or
greater reduction in challenging behavior as intervention

success. This success metric is sometimes used in prelimi-
nary evaluations of behavioral literature (e.g., Gover et al.,
2019; Rooker et al., 2013). However, this metric may ignore
some practically important differences in effects; for exam-
ple, when applied to a 10% increase in challenging behavior
and a 70% decrease in challenging behavior, both would be
scored as an “unsuccessful intervention.” Last, comparing
successful and unsuccessful published cases based on per-
cent reduction lacks the statistical development necessary to
serve as an effect size (Pustejovsky & Ferron, 2017).

Thus, we conducted this systematic review, meta-analy-
sis, and moderator analyses to answer the following research
questions (RQs):

RQ1: How are matched stimuli selected and used to treat
automatically reinforced challenging behavior and for
what types of participants and challenging behaviors?
RQ2: What is the magnitude of effect of interventions that
used matched stimuli in the intervention of automatically
reinforced challenging behavior relative to a control and
relative to interventions that used unmatched stimuli?
RQ3: Do different assessment or treatment characteris-
tics used in published studies influence the magnitude of
intervention effects?

Method
Search and Screening Procedures

We conducted a search of the APA PsyclInfo database in June
2023. We used the search terms "matched stimul*" AND
“behavior” and searched any field (e.g., entire text), with
no restrictions on year of publication. We used truncation
to include all endings of stimul* (e.g., stimulus, stimuli,
stimulation). We used quotes to ensure that matched and
stimul* occurred together. This search yielded 46 articles.
We conducted an initial screening requiring that articles
met the inclusion criteria of: (a) peer-reviewed, (b) writ-
ten in English or Spanish, and (c) published in an academic
journal. Forty-one articles remained after this first screen-
ing. We then full-text screened the articles to ensure arti-
cles met the rest of the inclusion criteria, (d) focused on
observable behavior, (e) included human participants, (f)
involved a behavior that was maintained by automatic rein-
forcement, (g) intervention contained at least one replace-
ment stimulus that the authors matched to (or attempted to
match to) at least one of the same sensory systems maintain-
ing the challenging behavior, and (h) compared the matched
stimulus intervention to at least one other condition using a
single-case research design. We made these determinations
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based on author reports. This full-text screening reduced the
included articles to a total of 17.

To find articles that may have relevance to the review
from before a time in which the term “matched stimuli” first
emerged (Piazza et al., 2000), we also conducted an ancestral
search of the references of the 17 included articles. We
applied the same inclusion criteria to these 241 articles. This
ancestral search yielded an additional 15 articles meeting
the final inclusion criteria. Overall, a total of 32 articles met
inclusion criteria (Ahearn et al., 2005; Anderson & Le, 2011;
Britton et al., 2002; Carroll & Kodak, 2014; Davis et al.,
2013; Favell et al., 1982; Fisher et al., 1998; Gibbs et al.,
2018; Gibney et al., 2020; Higbee et al., 2005; Kennedy &
Souza, 1995; Lanovaz & Argumedes, 2009; Lanovaz et al.,
2009; Lanovaz & Archimedes, 2010; Lanovaz & Sladeczek,
2011; Llinas et al., 2022; Love et al., 2012; Luiselli, 1994;
Piazza et al., 1998; Piazza et al., 2000; Rapp et al., 2004;
Rapp, 2006; Rapp, 2007; Rapp et al., 2017; Rapp et al., 2013;
Rincover et al., 1979; Saylor et al., 2012; Sidener et al., 2005;
Slocum et al., 2021; Sprague et al., 1997; Taylor et al., 2005;
Zawoyski et al., 2014). Figure 1 depicts these procedures.

RQ1: Descriptive Coding

We coded each article for participant descriptions, target
behavior characteristics, assessments used, and matched
stimulus information. First, the first author read all the
articles and created a coding guide with all codes and
operational definitions reported below. The research
team later modified some definitions for reliability
(see Interrater Agreement and Extraction Fidelity sec-
tion, below) and coded the articles using the revised
definitions.

Note that we only included participants in the descrip-
tive review if during at least one experimental condition
researchers provided the participant with a stimulus that
researchers stated was matched (or intended to match) the
sensory class (e.g., auditory) or properties (e.g., wetness)
hypothesized to maintain the challenging behavior. Partici-
pants who did not receive an intervention using matched
stimulation were not included in the descriptive coding. Raw
data for this, and all subsequent data, are available through
the online Supplementary Information.

Identification of studies via datab and regist ‘ Identification of studies via other methods ]
C L
:
8 Records identified from: Records identified from:
'“:'- Datqbases (n_= 46) Citation searching (n = 241)
s Registers (n = 0)
=
!
Records screened Records excluded
—>
(n=46) (n=5)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval »| Reports not retrieved
@ (n=41) "l n=0) (n=241) 7| (n=0)
=
3
- : !
3
Reports assessed for eligibili Reports excluded: Reports assessed for eligibili Reports excluqed:
(n f 41) gibity — Not changing observable o 5241) gibility > Not changlng observable
behavior (n = 19) behavior (n = 54)
Not human participants (n = 2‘)‘3‘ human participants (n =
1 . .
Not automatically reinforced Not automatically reinforced
(n=2) (n =27) 4
Not single case design (n = S‘)Ot single case design (n =
v 0) .
N i h =2 Not using matched (n = 128)
B ot using matched (n =2) Not peer reviewed (n = 4)
B Studies included in review Not Academic Journal (n =
S (n=32) 11)
c

Fig.1 PRISMA Flowchart Depicting Search and Inclusion Processes. Note. PRISMA = Preferred Reporting Items for Systematic reviews and

Meta-Analyses. Created using Haddaway et al. (2022)
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Participant Descriptions

We coded participant characteristics including gender, age,
and disability or diagnosis. For gender, reviewers coded
“male,” “female,” or “other” based on the information pre-
sented in the article (name, pronouns, explicit statements).
For age, we coded participants as either 5 years old or
younger, 6—12 years old, 13—17 years old, or 18-21 years
old, or 22 and older. We then coded if the article reported
the participant having attention-deficit hyperactivity disor-
der (ADHD), autism spectrum disorder or pervasive devel-
opmental delay not otherwise specified (ASD/PDD-NOS),
vision impairment, cerebral palsy, or intellectual disability.
We made multiple selections for participants with multiple
disabilities and could select “other” if the participants had
disabilities not included in our list.

Target Behavior Characteristics

For the behavior targeted for reduction, we coded response
class, and method for determination of automatic func-
tion. We categorized the target behavior from the options
of dangerous climbing (any topography of behavior that
results in the participant elevated from the floor, ground,
or surface), self-injurious behavior (any topography of
behavior that results in or has a large chance to result in
damage or harm [e.g., bruising] to the participant), aggres-
sion (any topography of behavior that results in damage
or harm to someone other than the participant), disrup-
tion (any topography of behavior that results in broken or
damaged items), motor stereotypy (acontextual repetitive
behaviors involving the body), vocal stereotypy (acontex-
tual repetitive behaviors involving the voice), pica (any
topography of behavior resulting in non-edible objects
inside the mouth), or other (behaviors that do not fit into
the above categories). We coded how researchers deter-
mined function by coding did not report (researchers did
not state their specific method for determining function but
stated it was maintained by automatic reinforcement [e.g.,
“not reinforced by social consequences”]), indirect assess-
ment (researchers used interviews with other people to
hypothesize the function), direct assessment (researchers
made a hypothesis of function following direct observation
of the behavior, but did not manipulate the environment),
experimental analysis (researchers directly manipulated
the environment to determine the function), or multiple.

Assessment Information

We collected data on four assessment methods used to
determine whether a stimulus would match the reinforcing

properties produced by the target behavior. This included:
(a) inferring (researchers hypothesize the maintaining
sensory class [e.g., visual], the sensory properties [e.g.,
brightness] the behavior produces, or both, and select a
stimulus hypothesized to match this class or property), (b)
unmatched comparison (researchers verify their hypoth-
esis by comparing how assumed matched and unmatched
stimuli affect the behavior), (¢) MO assessment (a three-
component assessment that involves collecting data
directly before, during, and after the delivery of noncon-
tingent matched stimulation; Lanovaz et al., 2010), and (d)
experimental sensory analysis (any experimental analysis
researchers conducted to isolate the maintaining sensory
class produced by the challenging behavior, properties of
the stimulus, or both). We also coded for other assess-
ments that, although they would not help determine if the
stimulus is matched, provide other information that may
influence a researcher’s decision to select one stimulus
from among multiple matched stimuli. These included the
use of a PA (any assessment that ranks stimuli in terms of
participant preference) and CSA (an assessment that evalu-
ates reduction of challenging behavior with the stimulus).

Matched Stimuli Information

We collected information on the matched stimulus delivery
schedule, session duration, the number of matched stimuli
used, and any other intervention procedures used in the same
condition as matched stimulation. We coded NCR in the
form of uninterrupted noncontingent access (NCR-C; pro-
vided the matched stimulus noncontingently at the beginning
of the session and the participant had continuous access to it
throughout the session), differential reinforcement of other
behavior (DRO; interventionist delivered the stimulus fol-
lowing the omission of the target behavior for some period
of time), differential reinforcement of alternative behavior
(DRA; delivered contingent on an alternative behavior),
NCR in the form of a fixed time delivery (NCR-FT; deliv-
ered noncontingently after a fixed period of time), and NCR
in the form of variable time delivery (NCR-VT; delivered
noncontingently after variable periods of time). We coded
session duration by entering the duration (in minutes) of the
sessions with matched stimuli. Finally, we coded whether the
researchers used one matched stimulus or multiple matched
stimuli during the matched stimulus condition.

RQ2: Meta-Analysis of Effects

For the meta-analysis (RQ2) and moderator analysis (RQ3),
we analyzed data at the design level (whereas the descrip-
tive coding was at the participant level) and only included
designs that included at least one of our two desired com-
parisons: matched stimulation versus control and matched
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stimulation versus unmatched stimulation. We defined a con-
trol condition as an adjacent condition that contained all the
same control variables as the matched stimulation condition
(i.e., variables the researchers held constant across condi-
tions; Ledford & Wolery, 2013), such as the implementer,
materials, response to challenging behavior, but did not
contain the intervention variables (i.e., the matched stimu-
lus). We defined an unmatched stimulation condition as an
adjacent condition that contained the same control variables
as the matched stimulation condition, but the intervention
variable was an unmatched stimulus rather than a matched
stimulus. When researchers employed multiple designs
within a study (e.g., conducting an MO analysis then later
using the stimuli from the MO analysis to create a classroom
intervention), we used only the final (i.e., conducted last)
experimental design in each manuscript for each participant.
If the final experimental design for each participant did not
have a comparison that met either requirement (e.g., the
final design only compared matched stimulation adjacent to
RIRD), we repeated this process with the prior experimen-
tal design in the study until we identified one experimental
design that met this criteria or there were no more designs
left in the study to code. The figure number associated with
the included design for each study can be found in the online
Supplementary Information.

Calculating Metrics

Using WebPlotDigitizer (Drevon et al., 2017), we extracted
the raw data for meta-analytic comparisons (e.g., control
vs. matched) if there were three or more potential dem-
onstrations of effect (i.e., three manipulations of the IV
at three different points in time). For example, an A-B-A
design would not be included because the researcher only
introduced and withdrew the intervention, constituting
only two manipulations. However, an A-B—A-B design
includes an extra introduction of the intervention, meet-
ing the three manipulations requirement. If a researcher
compared a control condition (A), a matched stimulus
condition (B), and unmatched stimulus condition (C) in
an A-B-A-B-C-B—C design, we selected the “A-B-A-B”
to compare matched stimulation versus a control condition
and “B—C-B-C” to compare matched stimulation versus
unmatched stimulation. We did not extract maintenance,
follow-up, or generalization data, but did include schedule
thinning data in the one study in which it occurred during
our target comparisons (Slocum et al., 2021).

We calculated log response ratio for interventions
decreasing behavior effect sizes (LRRd; Pustejovsky
& Ferron, 2017). We selected LRRd as our effect size
because it is appropriate for behaviors measured on a ratio
scale (i.e., a value of zero means absence of the behavioral

construct) regardless of the measurement system (Puste-
jovsky, 2018). In our case, we had a unifying construct
(i.e., challenging behavior) that, due to study level differ-
ences, was measured differently across studies (e.g., dif-
ferent operational definitions and different measurement
systems). LRR as an effect size quantifies the direction
(i.e., increase or decrease) and proportion of change (i.e.,
change relative to baseline performance) between con-
ditions and can be used for meta-analysis of single case
designs (Moeyaert et al., 2018). Thus, for LRR, a nega-
tive value represents decreases in challenging behavior and
the larger the negative values represent larger proportional
decrease in behavior. In addition, LRRd can be mathemati-
cally converted to the commonly used metric mean base-
line percentage reduction (Haddock & Hagopian, 2020;
Pustejovsky, 2018). Published literature suggests that this
effect size should not be used when behavior change is
expected to occur gradually (Pustejovsky, 2018), which
conceptually is unlikely for matched stimuli.

One unique consideration with LRR is that the effect size
is calculated for a single A-B comparison (e.g., baseline
phase followed by intervention phase), thus researchers have
several options for calculating phase contrasts when mul-
tiple A—B comparisons are made (Pustejovsky & Ferron,
2017; Pustejovsky, 2018). The first option is to take only
the data from the first A—B contrast; this option is limited
because it ignores some of the data. The second option is to
aggregate all the data from A phases and all the data from
B phases, then calculate LRR. This method should only be
used when changes in level are the same across A-B com-
parisons (Pustejovsky, 2018). The last method is to calculate
LRR for the first A-B, the second A-B comparison, then
average the two effect sizes. This method allows research-
ers to draw conclusions without assuming that changes in
the dependent variable are consistent across A—-B compari-
sons. In this study, we elected to use the second method. Our
visual analyses suggested that changes in behavior during
A-B comparisons were consistent within studies, making
the second method of selecting phase contrast strategies
functionally equivalent to the third (calculating an effect size
for each A-B comparison then averaging these effects). To
calculate effect sizes, we used the R package SingleCaseES
(Pustejovsky et al., 2023), and programmed the outcome
scale (e.g., rate, percentage) for each study. R code for this,
and all subsequent analyses, is available via the online Sup-
plementary Information.

Overall Effect Calculation

Given that our data were structured hierarchically (i.e.,
cases within studies), we conducted a multilevel meta-
analysis (Van den Noortgate & Onghena, 2007) to calcu-
late an overall effect size using LRRd. We selected this
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model because, unlike basic meta-analysis models that
average out case-level variability, a multilevel model can
provide an overall average effect size while considering
variation at the case and study levels (e.g., Ganz et al.,
2023). We used the cluster-robust variance estimation
(Chen & Pustejovksy, 2022) to control for the chance of
inaccurate sampling variances due to autocorrelation (i.e.,
serial dependence) of single case research design data and
to adjust for the small sample size (Pustejovsky, 2018),

To conduct this multilevel meta-analysis, we used the
R packages Metafor (Pustejovsky & Ferron, 2017; Viech-
tbauer, 2010), and clubsandwich for cluster-robust vari-
ance estimation (Pustejovsky, 2022). In particular, we used
the LRRd data, the squared standard error as the variance,
and clustered the results by study. We also calculated 80%
prediction intervals. Prediction intervals provide addi-
tional data beyond an effect size, reflecting the heterogene-
ity of meta-analysis results by showing the expected range
of true effects in similar studies (InHout et al., 2016). An
80% prediction interval informs what range results would
fall in, with 80% confidence, if one used matched stimula-
tion as an intervention in a new sample.

RQ3: Moderator Analyses (Post-Hoc)

We conducted moderator analyses to inform the extent to
which case-level characteristics explained variation in the
magnitude of the effect of matched stimulus interventions
on challenging behavior. A moderator is a variable that
affects the strength of the relation between the independ-
ent and dependent variables (Hall & Rosenthal, 1991).
Moderator analyses can inform for whom and under what
conditions an intervention is effective. All variables we
coded for in descriptive coding were considered as poten-
tial moderators (i.e., gender, disability, age, behavior type,
FBA type, matched stimulus determination method, PA
usage, CSA usage, intervention type, number of stimuli,
and session duration). However, to avoid inflating the
cumulative error by conducting analyses on each vari-
able, we selected variables to test as moderators if there
was (a) a theoretical reason this variable might affect the
success of the intervention and (b) the variable contained
a sufficient number of comparisons at each level (i.e., five
or more per level).

We programmed the model with separate intercepts for
each level (i.e., category) of the moderator and tested each
moderator individually (Pustejovsky & Tipton, 2022). In
addition, we ran linear contrasts to show the differences
between levels of the moderator when the overall test was
significant (Mok et al., 2023). We conducted moderator anal-
yses using the Metafor and clubsandwich R-packages and

included a small sample correction for the p-value (Puste-
jovsky, 2022).

Interrater Agreement and Extraction Fidelity

We took several steps to ensure the accuracy of the data
included in this review. A secondary evaluator (the second
author) was trained on article screening and descriptive cod-
ing. For each, she was given one practice article, informed
how to score each component, and given feedback on that
article after she coded it. The secondary evaluator screened
a random 20 articles from the primary search (43.48%) and
78 articles from the ancestral search (31.54%) and obtained
100% and 96.05% IRR, respectively, with the first author
(using a point-by-point method; Ledford et al., 2018). For
the descriptive coding (RQ1), the secondary evaluator
coded 10 randomly selected articles (31.25%) and obtained
82.72% agreement. After this first coding, we elected to
add another variable we thought might influence outcomes
(matched stimulus delivery schedule), removed a variable
that had not been validated for any behaviors except self-
injury (automatic subtype), and adjusted any definitions that
the primary or secondary evaluator reported were unclear.
The final definitions we used are the ones reported in this
method section. The primary evaluator and secondary evalu-
ator independently recoded the articles and obtained 91.74%
agreement. To resolve any disagreements, the two evaluators
discussed and reached consensus.

To ensure fidelity in data extraction, the extractor saved
a picture of their desktop showing the WebPlotDigitizer
completed page (e.g., graph, selected data points, selected
x-values). The secondary evaluator viewed these screenshots
and scored whether the extractor: (a) accurately selected a
clearly labeled low point and high point on the Y axis (b)
accurately input the y-axis values (c) accurately selected a
clearly labeled low point and high point on the x-axis, (d)
accurately input the x-axis values into WebPlotDigitizer (e)
accurately selected the data points representing the com-
parison condition, (f) accurately selected the data points
representing the target condition, and (g) accurately select
only conditions that are adjacent. The extractor completed
all steps with 100% fidelity.

Results

RQ1: Descriptive Coding

This review included 32 studies, which contained 71 partici-
pants. Descriptive data are summarized in Tables 1, 2, and 3,

and associated raw data are available in the online Supple-
mentary Information. Of these 71 participants, 51 (71.83%)
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were male and 20 (28.16%) were female. The participants
had various disabilities including 26 (36.62%) with intellec-
tual disability, 51 (71.83%) with ASD/PDD-NOS, 5 (7.04%)
with vision impairment, 3 (4.23%) with ADHD, 4 (5.63%)
with no reported diagnoses, and 17 (23.94%) with multiple
disabilities. Fourteen participants (19.72%) were between
the ages of 0 and 5, 35 (49.30%) between the ages of 6 and
12, 12 (16.90%) between 13 and 17, 4 (5.63%) between 18
and 21, and 3 (4.23%) were 22 years old or older. For three
participants (4.23%) the authors did not provide the age.

Researchers targeted a variety of behaviors including
vocal stereotypy for 31 participants (43.66%), motor stereo-
typy for 20 (28.17%), self-injurious behavior for 7 (9.86%),
pica for 8 (11.27%), disruption for 2 (2.87%), dangerous
climbing for 1 (1.41%), and aggression for O participants.
We had five behaviors coded as other (7.04%; 1 hand mouth-
ing, 3 nail biting, and 1 saliva play). For 3 participants,
researchers targeted two different behaviors. Researchers
determined behavioral function using indirect assessment
for 3 participants (4.22%), direct assessment for 13 partici-
pants (18.31%), experimental analysis for 38 participants
(53.52%), and a combination of methods for 3 participants
(4.23%). Last, we found that for 20 participants (28.17%),
researchers did not report how they came to the automatic
reinforcement conclusion.

In the selection or evaluation of the matched stimuli,
researchers inferred with 28 participants (39.44%), used an
unmatched comparison with 9 participants (12.68%), used

Table 1 Participant Descriptions

n=71 Percent
Gender
Male 51 71.83
Female 20 28.16
Age
0-5 14 19.72
6-12 35 49.30
13-17 12 16.90
18-21 4 5.63
22+ 3 4.23
Did not state 3 4.23
Diagnosis *
ID 26 36.62
ASD/PDD-NOS 51 71.83
Vision Impairment 5 7.04
ADHD 3 4.23
None 4 5.63

Note. 1D = intellectual disability; ASD = autism spectrum disorder;
PDD-NOS = pervasive developmental disorder, not otherwise speci-
fied; ADHD = attention-deficit/hyperactivity disorder

816 participants (22.54%) had two disabilities and one participant
(1.41%) had three disabilities, thus these data exceed 100%

Table 2 Challenging Behavior Characteristics

n Percent
Challenging Behaviors Targeted *
Vocal stereotypy 31 43.66
Motor stereotypy 20 28.17
Self-injury 7 9.86
Pica 8 11.27
Disruption 2 2.87
Dangerous climbing 1 1.41
Aggression 0 0
Other 5 7.04
Functional Behavior Assessment Method °
Did not report 20 28.17
Indirect assessment 3 4.23
Direct assessment 13 18.31
Experimental analysis 38 53.52
Combination 3 4.23

Note. * Three participants (4.23%) had two behaviors targeted, thus
these data exceed 100%

b Three participants (4.23%) used two methods in combination to
determine function, thus these data exceed 100%

MO assessment with 14 participants (19.72%), and used
experimental sensory analysis with 23 participants (32.39%).
Researchers used multiple methods of selecting matched
stimuli with 3 participants (4.26%). Researchers used a PA
with 41 participants (57.75%) and a CSA with 13 (18.31%).

For intervention schedules, researchers used NCR-C with
67 participants (94.36%), DRO with 6 participants (8.45%),
DRA with 2 participants (2.82%), NCR-FT with 4 partici-
pants (5.63%), and NCR-VT with 2 participants (2.82%).
Ten (14.08%) of these participants received more than one
of these across experimental conditions. The duration of ses-
sions was 5 min for 21 participants (29.56%), 8 min for 2
(2.82%) participants, 10 min for 34 (47.89%), 15 min with
7 participants (9.86%), 17 min with 1 participant (1.41%),
20 min with 2 participants (2.82%), and 30 min with 4 par-
ticipants (42.25%). Researchers used one stimulus with 40
participants (56.34%), multiple stimuli with 32 (45.07%),
and one participant (1.41%) received both one and multiple
matched stimuli across experimental conditions.

RQ3: Meta-Analysis of Effects

Although the descriptive review contained 71 participants
from 32 studies, only 49 cases across 20 studies met cri-
teria for comparing the matched stimulus condition to a
control condition, and only 14 cases across seven studies
met criteria for comparing the matched stimulus condition
to an unmatched stimulus condition. Results of the multi-
level meta-analysis evaluating the effect of matched stimuli
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Table 3 Matched Stimuli Information

n=71 Percent
Determination of “Matched" *
Inferring 28 39.44
Inferring then compare to unmatched 9 12.68
Inferring then evaluate MOs surrounding usage 14 19.72
Experimental sensory analysis 23 32.39
Assessments Used”
Preference 41 57.75
Competing stimuli 13 18.31
None of the above 19 26.76
Schedules of Intervention®
NCR-C 67 94.36
DRO 6 8.45
DRA 2 2.82
NCR-FT 4 5.63
NCT-VT 2 2.82
Duration of Session
5 min 21 29.56
8 min 2 2.82
10 min 34 47.89
15 min 7 9.86
17 min 1 1.41
20 min 2 2.82
30 min 4 5.63
Number of Stimuli Used?
One 40 56.34
Multiple 32 45.07

Note. MOs = motivating operations; NCR-C = noncontingent rein-
forcement-continuous; DRO = differential reinforcement of other
behavior; DRA = Differential reinforcement of alternative behavior;
NCR-FT = noncontingent reinforcement-fixed time; NCR-VT = non-
contingent reinforcement-variable time

* Three participants (4.23%) used multiple methods, thus these data
exceed 100%

® Two participants (2.82%) used both preference and CSA, thus these
data exceed 100%

¢ Ten participants (14.08%) used multiple schedules, thus these data
exceed 100%

4 One participant (1.41%) used both, thus these data exceed 100%

relative to control (Fig. 2) show an average effect size of
LRRd = —1.99 (95% CI [-2.62, —1.36]), which was statis-
tically significant (p <.0001). The results of our prediction
interval suggest, with 80% confidence, that a new partici-
pant in a new sample would demonstrate between a 98.38%
decrease and a 14.67% increase in challenging behavior.
Results of the meta-analysis evaluating matched stimuli rela-
tive to unmatched stimuli (Fig. 3) showed an average effect
size of LRRd = —1.64 (95% CI [-2.79, —0.48]), which was
statistically significant (p =.0141). The results of the pre-
diction interval suggest that, with 80% confidence, a new

participant would demonstrate between a 97.35% decrease
and a 43.15% increase in challenging behavior. Both predic-
tion intervals are wide due to large case-level variability.

RQ4: Moderator Analysis

Table 4 contains a summary of the process for identify-
ing possible moderator variables. During a meeting with
the first and third author, we excluded gender, disability,
behavior type, and session duration from the moderator
analysis because we could not identify a conceptual reason
that the efficacy of matched stimuli would differ according
to these factors. We excluded age from moderator analyses
due to limited variability in age; the sample only included
two cases with participants in the 18-21 range and one case
in the 224 range. We excluded the matched stimulus deter-
mination method from moderator analyses because the sam-
ple only included three cases in which researchers used an
experimental method. Last, for intervention type, only two
cases delivered stimuli using a DRO procedure and only one
case used an NCR-FT delivery. Thus, neither age, matched
stimulus determination method, nor intervention type were
included in moderator analyses because they did not have at
least five cases per level (i.e., category).

We did not find a statistically significant effect for
researcher’s use of a CSA (F(1, 3.86) = 1.1223, p=.3511)
or a PA (F(1, 10.2) = 3.7724, p=.0802) as moderator vari-
ables. A larger sample size might allow researchers to detect
smaller changes in performance when these assessments are
used. However, we found statistically significant effects for
the number of matched stimuli used (F(1, 13.48) = 5.9142,
p =.0296). When including the number of matched stim-
uli as a moderator, the estimated average effect size was
LRRd = —1.4183 (p =.0040; 75.9% decrease in challenging
behavior) for one matched stimulus and LRRd = —1.2433
(p=.0296; 71.2% decrease in challenging behavior) for mul-
tiple matched stimuli. These results indicate a 4.7% greater
decrease in challenging behavior when using one matched
stimulus compared to multiple matched stimuli.

With FBA type included as a moderator, the overall
test showed mean LRRd differed significantly across FBA
categories (F(3, 6.9) = 11.0987, p = 0.0049). The esti-
mated effect size was LRRd = —1.765 (p =.0010, 95% CI
[—2.5984, —0.9330]) for experimental assessment, LRRd
= —2.4841 (p =.0119, 95% CI [—4.1338, —0.8343]) for
direct assessment, and LRRd = —1.8520 (p =.1247, 95%
CI [-4.6826, 0.9786]) for studies that did not report this
information. Both experimental assessment and direct
assessment had statistically significant negative effect
sizes, indicating these conditions were associated with
a greater decrease in challenging behavior when com-
pared to a control condition. The “not reported” category
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Fig.2 Forest Plot of Cases Comparing Matched Stimulation versus
Control. Note. LRRd = log response ratio for interventions decreas-
ing behavior. LRRd scores at zero depict studies with no effect,
LRRd values to the right of zero (positive values) suggest an increase
in interfering behavior compared to baseline, those to the left of zero

indicated a large but statistically nonsignificant average
reduction in challenging behavior. The wide confidence
interval suggests imprecise estimation, which likely
reflects variability in this subgroup or the small number
of studies. Thus, although effects in this category are
directionally similar to the other two categories, conclu-
sions about magnitude should be made cautiously. These
data taken together suggest that verifying the automatic
function with either experimental or direct assessment
may be an important variable for ensuring the effective-
ness of matched stimuli. Because the omnibus F test was
significant, and we had multiple levels of the moderator,
we conducted linear pairwise comparisons to test whether
group means differed significantly. Pairwise comparisons

LRRd Est (95% Cl)

(negative values) suggest decrease in behavior compared to baseline.
The further to the left the data point (the more negative), the larger
the magnitude of the decrease in behavior. Horizontal bars represent
95% confidence intervals

using cluster-robust variance estimation showed no statis-
tically significant differences between FBA types, though
the pattern of means suggested somewhat larger decreases
in challenging behavior following interventions informed
by descriptive FBAs compared to other types of FBAs.

Discussion

When challenging behavior is maintained by automatic
reinforcement, intervention can become complicated
because the implementer does not have control of the
reinforcer delivery (Vaughan & Michael, 1982; Vollmer,
1994). Because interventionists are unable to isolate the
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specific reinforcers produced by the challenging behav-
ior, behavior analysts have often focused on identifying
stimuli that compete with the behavior and presenting
them noncontingently. However, there may be a concep-
tual difference when stimuli that provide the same source
of reinforcement as the challenging behavior are used (i.e.,
matched stimuli). If the stimulus is truly matched in this
way, engaging with the stimulus may functionally serve
as a replacement behavior. Recent research suggests that
this difference (i.e., used of matched or unmatched stimuli)
made little difference on challenging behavior reduction
(Haddock & Hagopian, 2020); however, limitations of this
research suggest a need for further inquiry.

We conducted a systematic literature review of experi-
mental articles that used matched stimulation to reduce chal-
lenging behavior maintained by automatic reinforcement.
Our search methods identified 32 published articles using
matched stimulation with a total of 71 participants. We coded
these published cases of matched stimulation to: (a) deter-
mine specific participant and intervention variables present
in the literature, (b) calculate the overall average effect size of
matched stimulus interventions in these studies, and (c) deter-
mine if any intervention variables moderate these effects.

LRRd Est (95% CI)

Average Effect Size

The results of our multilevel meta-analysis found the average
effects of interventions using matched stimuli to be statis-
tically significant when compared to a control condition.
In other words, matched stimuli resulted in reductions in
challenging behavior relative to a control condition that are
unlikely to be due to chance. The average effect size was
LRRd = —1.99, which corresponds to an 86.47% decrease
in challenging behavior on average across all cases. In addi-
tion, when compared to interventions using unmatched
stimuli, we found the average effect of matched stimuli to
be LRRd = —1.64. Thus, on average, interventions using
matched stimuli resulted in an 80.60% decrease in chal-
lenging behavior relative to interventions using unmatched
stimuli. These findings support the use of interventions with
matched stimuli to treat automatically reinforced challeng-
ing behavior. In addition, our data suggest that practitioners
should use matched stimuli, rather than arbitrary (possibly
unmatched) stimuli when possible.

However, there were four cases in our data set in which
matched stimuli were ineffective or countertherapeutic (i.e.,
LRRd > 0) relative to a control condition, suggesting that
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;ablet? Process for ‘Selecti‘ng Variables Coded Conceptual Reason to Test? Sufficient Cases in Each Included as Potential
otential Moderators to Test Level to Test? Moderator?
Gender No Yes;n=11 No
Disability No No;n=4 No
Age Yes; potentially a longer learning No;n =1 No
history with the behavior
Behavior No No;n=1 No
FBA Method Yes; see intro Yes;n =38 Yes
Matched determina- Yes; see intro No;n=3 No
tion method
PA Yes; see intro Yes; n=17 Yes
CSA Yes; see intro Yes;n=11 Yes
Intervention Yes; see intro No;n=1 Yes
Number of stimuli Yes; see intro Yes; n =23 Yes

Session length No

Yes; Continuous variable No

Note. FBA = functional behavior assessment; PA = preference assessment; CSA = competing stimulus

assessment

practitioners should continue to take an idiographic approach
with their individual clients; no intervention will work for
all individuals in all contexts. This finding should be con-
textualized with the fact that most of these studies included
only participants with developmental disabilities (94.37%).
In addition, these results should be taken into consideration
with our other moderator findings, limitations, and gaps in
the current research.

Matched Stimulus Selection

Our descriptive review revealed that for a large portion of
participants (n = 28; 39.44%), researchers simply inferred
that the stimulus was matched. In these cases, the researcher
hypothesized what sense modality (e.g., tactile) and stimu-
lus property (e.g., hard) might be maintaining the challeng-
ing behavior and chose a stimulus that they inferred may be
matched to that modality or property. The lack of systematic
methods for selecting matched stimuli may limit replicabil-
ity, which is an essential part of science (Tincani & Travers,
2019).

In fact, the differences in how matched stimuli are
selected may be critical in explaining and enhancing the
effectiveness of matched stimuli, given that each method
of identifying matched stimuli has its own strengths and
limitations. For example, the MO assessment for selecting
a matched stimuli evaluates whether the presence of the
matched stimulus acts as an abolishing operation for the
target challenging behavior. This method assumes that one
session of access to a functionally matched stimulus will
reduce the establishing operation for challenging behavior
to a degree that can be measured. In reality, automatically
reinforced behavior may not satiate in every case (e.g., Har-
low 1950, 1956). In conceptual terms, we would expect

experimental analyses to be more likely to identify stimuli
that are truly, functionally, matched. Unfortunately, even
though our descriptive coding found that researchers used an
experimental analysis to select the matched stimulus with 23
participants (32.39%), only 3 of these cases were included in
the meta-analysis, due to the evaluations not including the
comparisons we were interested in (e.g., matched stimula-
tion vs. unmatched stimulation or matched stimulation vs.
baseline) or not having three potential demonstrations of
effect (e.g., A-B design). Due to a limited number of studies
on each assessment type, we were unable to use this variable
in our moderator analysis. However, our data suggest that
use of matched stimuli, on average, was effective regardless
of the method of identifying these stimuli. Future research
could investigate this question more directly, for example
by comparing stimuli selected with each method (e.g., infer,
compare to hypothesized unmatched, MO, and experimental
assessment). In addition, we hypothesized that the effects of
matched stimuli would be greater when supplemented with
other validated assessments such as a PA or CSA (Rooker
et al., 2018). However, our moderator analysis revealed
no statistical significance for PA use nor CSA use. More
research is needed to understand how the assessment meth-
ods used to select stimuli (based on preference, response
competition, or matched status) affect the success of NCR.

Behaviors and Participants

For 20 participants (28.17%), authors did not report how they
concluded that the behavior was maintained by automatic
reinforcement. Given that matched stimulation is concep-
tually linked to automatic reinforcement, if authors make a
false determination of function, it may affect outcomes. Our
moderator analysis verified this concern; we found that FBA
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type moderated outcomes. The data pattern suggests that
there may be a larger decrease in challenging behavior when
researcher use experimental or descriptive assessments com-
pared to if the assessment is not reported. However, because
pairwise comparisons were not significant (confidence inter-
vals included zero), we need a larger sample to increase con-
fidence in these findings. In general, these findings suggest
FBA may be important to verifying the automatic reinforce-
ment function systematically. We suggest future researchers
continue to compare outcomes when using different FBA
methodologies to extend these findings.

Matched Stimulus Implementation Approaches

The results of our descriptive coding also revealed a few
interesting patterns about the types of interventions used
with matched stimuli. First, although there are many dif-
ferent schedules of reinforcement researchers use to deliver
matched stimuli (e.g., DRO, NCR-FT, NCR-C), 94.36% of
participants received NCR-C. Thus, practitioners should
note NCR-C as the most researched schedule for delivering
matched stimuli and future researchers should evaluate the
effects of matched stimuli when delivered via other sched-
ules. Unfortunately, we did not have sufficient examples to
test differences in reinforcement schedule delivery within
our moderator analysis.

The moderator analysis revealed a statistically larger effect
for comparisons that used one matched stimulus over those
that used multiple matched stimuli. These findings are similar
to Clay et al. (2018), who found that providing noncontingent
access to one stimulus (identified via CSA) was either equally
effective as or more effective than using multiple stimuli. We ini-
tially hypothesized that multiple stimuli would result in stronger
effects as there might be a larger chance that at least one of the
stimuli is functionally matched. One potential interpretation for
these findings is that when multiple stimuli are used, they may
not all be “equally” matched. In general, the basic literature sug-
gests that one sense modality (e.g., visual stimuli) may not be
discrete enough for a functional classification, as there are pub-
lished examples in which stimuli within the same sense modal-
ity (e.g., visual or stimuli) may have differences in reinforcer
potency (e.g., Barnes & Baron, 1961; Baron & Kish, 1962).
Given the exploratory nature of this analysis and that the results
were not what we expected, we encourage future researchers to
continue to directly evaluate this effect.

Limitations

One limitation of this review is that when researchers con-
ducted an assessment to select matched stimuli, they did not
always conduct a subsequent evaluation of the effectiveness
of the stimulus selected from the assessment. For example,

Rapp (2006) conducted an MO assessment but did not select
a stimulus from this assessment nor conduct a subsequent
analysis. Although we could use these data in our meta-
analysis, we could not accurately characterize this compari-
son as informed by an MO assessment, because the data
included in our meta-analysis were from the MO assessment.
Thus, the stimulus used during this assessment was actually
selected by inference. Overall, this type of issue limited the
conclusions we could draw from this sample about the role
of matched stimulus assessment type. Thus, although these
assessments are present in the literature, there were insuf-
ficient evaluations of matched stimuli selected from these
assessments for us to include this as a variable in the mod-
erator analysis. Future researchers could consider directly
comparing the outcomes of matched stimuli selected using
each of the assessment methodologies.

Another limitation of this review is that we used
relatively narrow search terms to identify articles (e.g.,
"matched stimul*" and behavior). It is possible that using
broader search terms commonly associated with matched
stimulus interventions (e.g., environmental enrichment,
noncontingent reinforcement) would have resulted in
identifying more articles. We used an ancestral search to
identify relevant articles that may not have used terms like
matched stimuli or matched stimulation (e.g., Favell et al.,
1982). We found 46.88% (n = 15) of our studies using this
ancestral search, suggesting that our search terms did not
capture all relevant articles. Likewise, excluding theses
and dissertations (i.e., grey literature) may have biased our
findings in a positive direction (Tincani & Travers, 2019).
Future researchers may consider expanding their search
criteria to include other keywords and databases beyond
APA PsycINFO and including grey literature.

Conclusions

Overall, our data suggest interventions using matched stim-
uli are an effective method for reducing challenging behavior
maintained by automatic reinforcement (when compared to
a control condition or a condition using unmatched stimuli).
In addition, because we found matched stimuli to be sig-
nificantly more effective than unmatched stimuli, we rec-
ommend practitioners who are considering using compet-
ing stimulation to also consider matching the function of
the stimulus such that engagement with the stimulus may
provide the same stimulation as, and thus replace the con-
sequences of, the challenging behavior. Based on our mod-
erator analysis, practitioners are more likely to have suc-
cess with matched stimulation if they use one stimulus at
a time and verify the automatic reinforcement function of
the challenging behavior using either direct or experimental
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FBA methods. More research is needed to further refine and
evaluate the methods for identifying and selecting matched
stimuli (e.g., inferring, MO assessment, unmatched com-
parison, experimental sensory analysis) and how different
schedules of matched stimulus delivery (e.g., NCR-C, NCR-
FT, DRO) may influence outcomes.
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