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A B S T R A C T

The Functional Behavioral Assessment (FBA) approach involves the use of single-case designs (SCD) to study the
problem behavior-environment contingencies and conduct interventions that consider this functional relation-
ship. Although this approach has been considered an evidence-based practice (EBP) for the treatment of several
psychological problems, no meta-analytic studies of FBA-based interventions on delusions, hallucinations and
disorganized speech -commonly operationalized as “atypical vocalizations”- have been carried out. Therefore,
the purpose of this study was to review and synthesize the results of FBA-based interventions on adults' atypical
vocalizations. We conducted a systematic review and a multi-level meta-analysis of these interventions, using a
recently developed effect size estimator for SCD studies (i.e., log response ratio). All the studies that met our
eligibility criteria provided evidence supporting the effectiveness of FBA-based interventions on atypical voca-
lizations, with an overall average effect size of a 72% reduction. Both the publication year and the methodo-
logical quality were found to be significant moderators. Despite some methodological limitations, we can con-
clude that FBA-based interventions are effective to reduce atypical vocalizations. The implications of these
results could be of interest for the mental health community.

1. FBA-based interventions on adults’ delusions, hallucinations
and disorganized speech: a single case meta-analysis

Delusions, hallucinations and disorganized speech are symptoms of
different mental illnesses and disorders as a schizophrenia, bipolar
disorder or some types of dementia (APA, 2013). These phenomena are
the source of serious problems in the functioning of personal, social and
work daily life. In addition, they generate large economic and social
costs (Whiteford et al., 2013). Although many efforts have been in-
vested in dealing with these problems (Lutgens, Gariepy, & Malla, 2017;
Skelton, Khokhar, & Thacker, 2015; Turner, van der Gaag, Karyotaki, &
Cuijpers, 2014), providing an effective, efficient and ethically-informed
treatment is still one of the main unresolved objectives of psychiatry
and psychology (National Institute for Health and Care Excellence,
2014).

In this regard, the functional approach to psychology might offer
some interesting insights. Within this approach, delusions, hallucina-
tions and disorganized speech have traditionally been operationalized
in terms of bizarre or atypical vocalizations (Sturmey, Ward-Horner,
Marroquin, & Doran, 2007). A large body of evidence from the behavior

analysis literature has shown that atypical vocalizations are behavioral
responses influenced by environmental contingencies (Layng &
Andronis, 1984; Mace, 1994; Mace, Lalli, & Lalli, 1991; Wong, 2014).
These studies assess the contextual variables that maintain this kind of
problems to produce significant clinical changes by directly modifying
their maintaining variables (Mace, 1994).

Moreover, Functional Behavioral Assessment (FBA) is a pretreat-
ment ideographic set of assessments which aim is to identify variables
associated with the occurrence of a specific behavior, in order to de-
velop an idiosyncratic intervention aimed at promoting behavioral
changes (Iwata et al., 1994). There are three types of FBA: indirect (e.g.
interviews), descriptive (e.g. direct observations) and experimental
(e.g. manipulation of contextual variables). All of them have proven
useful to determine the variables that maintain different problem be-
haviors (Beavers, Iwata, & Lerman, 2013). In addition, some assessment
procedures can be modified to overcome the limitations intrinsic to a
specific kind of problem, like psychotic behavior (Sturmey et al., 2007).

Therefore, FBA-based interventions are interventions guided by the
results of a previous FBA. They typically employ a single-case design
(SCD), which allows for the variables that control problem behavior to
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be detected and manipulated. These interventions are thus designed
attending to the function of problem behavior (i.e., why does it occur)
and not to its topography. They might also be more ecologically valid,
since they can facilitate the generalization of clinical changes across
different contexts. The more the FBA conditions resemble the natural
circumstances in which the problem behavior occur, the more likely the
successful achievement of a stable behavioral change will be (Hurl,
Wightman, Haynes, & Virués-Ortega, 2016).

Since FBA-based interventions were first formally established in
institutional contexts (Carr, 1977; Iwata, Dorsey, Slifer, Bauman, &
Richman, 1994), the major developments and applications have oc-
curred in educational settings and, specifically, in the intervention on
children with developmental problems (Madden, Dube, Hackenberg,
Hanley, & Lattal, 2013). However, the very first steps towards the de-
velopment of formal FBA-based interventions were taken in in-
stitutionalized patients diagnosed with schizophrenia or other severe
mental problems (Ayllon & Michael, 1959; Lindsley, 1956). These stu-
dies were the first to demonstrate how the behavior of people diagnosed
with schizophrenia could be maintained and modified according to the
principles of operant behavior (Ferster & Skinner, 1957).

The functional definition of hallucinations, delusions and dis-
organized speech has allowed for the establishment of a whole research
field focused on the development of interventions aimed at achieving a
significant clinical change in atypical verbal behaviors traditionally
associated with schizophrenia (Rosenfarb, 2013). The main advances in
this research field could be summarized in four key points:

1) Pathognomonic symptoms of schizophrenia (e.g., hallucinations,
delusions, etc.) or other serious mental illnesses are problems that
can be successfully treated by managing the contingencies that
maintain these behaviors (Burns, Heiby, & Tharp, 1983)

2) Functional analysis can be used to establish these maintaining
contingencies (Mace et al., 1991)

3) These contingencies can be managed and controlled through verbal
interaction (Baruch, Kanter, Busch, & Juskiewicz, 2009)

4) Through this type of intervention, pharmaceutical spending is re-
duced (Markwick, Smith, & Mick, 2014).

Briefly, the key achievement of behavioral analysis in clinical con-
texts is that it has proven effective in changing user behaviors in a cost-
efficient, non-invasive and idiosyncratic way (Madden et al., 2013).

According to APA Presidential Task Force (APA, 2006), systematic
reviews and meta-analyses (e.g., Lutgens et al., 2017; Turner et al.,
2014) have been established as a useful tool to evaluate and compare
the effects of different interventions and thus determine if a given
procedure can be regarded as an Evidence-Based Practice (EBP).
However, few publications have focused on studying the available
evidence of FBA-based interventions. Perhaps this lack of studies is due
to common misunderstandings about the SCD used in FBA scientific
literature (see Shadish, 2014). However, due to the efforts made to
improve the mathematical models that allow for a more adequate
synthesis of SCD studies and to the renewed interest in person-centered
practice, these types of studies are increasingly being recognized as a
valuable source of evidence for improving decision-making in health
systems (Shadish, Hedges, & Pustejovsky, 2014). For example,
Common, Lane, Pustejovsky, Johnson, and Johl (2017) carried out a
meta-analysis of FBA–based interventions for students with or at-risk of
high-incidence disabilities, showing that FBA–based interventions
could be determined as an EBP following the Standards for EBP (APA,
2006; Shadish, 2014). In addition, Hurl et al. (2016) performed a meta-
analysis of studies comparing FBA-based interventions with non-FBA-
based interventions. They found that, while the former had a large ef-
fect on the reduction of problem behavior, the latter had no effect when
compared to no intervention. They also showed that the effect of FBA-
based interventions on appropriate behaviors was four times greater
than the effect found in non-FBA-based interventions.

However, research on FBA-based interventions on problem beha-
viors other than developmental or school-related problems is still
scarce. Regarding FBA-based interventions on delusions, hallucinations
and disorganized speech, different narrative reviews have been pub-
lished (Layng & Andronis, 1984; Mace, 1994; Mace et al., 1991; Travis
& Sturmey, 2008; Wong, 2014) but no systematic reviews nor meta-
analytic syntheses have been carried out. Therefore, the main objective
of this paper is to review and synthetize the published evidence of FBA-
based interventions on atypical vocalizations.

2. Method

2.1. Literature search

The research question in plain terms was: Are FBA-based interven-
tions effective in treating adults’ delusions, hallucinations and dis-
organized speech? This question was elaborated considering the
strategy PICOS commonly used to identify components of clinical evi-
dence for systematic reviews in evidence-based practice and is endorsed
by the Cochrane Collaboration (Higgins et al., 2011).

Consequently, we reviewed different SCD studies that reported
outcomes of FBA-based interventions on adults’ atypical vocalizations.
The literature search was conducted using the following databases:
PsycInfo, PubMed, Web of Science, and Open Gray. Common search
terms employed were functional analysis, hallucinatory speech, delusional
statements and disorganized speech. Only papers published in English or
Spanish were included, both because the vast majority of scientific
literature is published in these languages and because these were the
only languages well known by the authors. No restrictions on the
publication date were applied. Preliminary searches started in January
2018 and formal screening of search results against eligibility criteria
was carried out in February 2018. This work was carried out following
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses standards (Moher, Liberati, Tetzlaff, & Altman, 2009) and
reporting standards of the Meta-Analysis Reporting Standards (APA
Publications and Communications Board Working Group on Journal
Article Reporting Standards, 2008). The search strategy can be found in
the following link: https://osf.io/7vzda/?view_only=
92e057b116bc4297a70557c7420f680d. In addition, the search pro-
tocol was pre-registered in PROSPERO.

Studies were considered for inclusion if they met the following
criteria: single-case design and FBA-based interventions for hallucina-
tory speech (e.g., verbal responses to not present stimuli), delusional
speech (e.g., obviously false statements) or disorganized speech (e.g.,
stereotyped or repetitive verbal responses) in adult participants. All
cases were included regardless of the mental disorder diagnosis or
concurrent pharmacological treatment. Studies that did not conduct a
functional assessment or did not perform an intervention on an adult
were excluded. A total of 213 studies were retrieved from the database
searches and, finally, 23 SCD studies met inclusion criteria and were
included in the review. Fig. 1 shows the study selection process flux
diagram.

2.2. Variables and data extraction procedure

The data extraction of the selected studies was focused on the fol-
lowing variables: patient information (age, gender, mental disorder
diagnosis), problem behavior information (behavioral topography and
behavior function), intervention characteristics (functional assessment
method, intervention technique, duration, intervention setting, con-
current pharmacological treatment and pharmacological treatment
changes), methodological characteristics (single-subject experimental
design) and intervention outcomes (behavioral direct measures in
baseline, post-treatment data and follow-up data of problem behaviors
and appropriate behaviors). To extract the results of each intervention
we used the WebPlotDigitizer software (Rohatgi, 2018), as
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recommended by Moeyaert, Maggin, and Verkuilen (2016). This soft-
ware allowed us to extract each individual data point of the behavioral
measures reflected in the graphs provided by the included works.

The literature search process inter-rater reliability was separately
calculated as follows. Firstly, screening inter-rater reliability was cal-
culated as the percentage of times that both raters independently
evaluated a publication as either eligible or non-eligible for inclusion; it
was 94%. Secondly the inter-rater reliability of intervention and
methodological study characteristics was calculated as the percentage
of data variables within each study that were exactly rated by both
researchers. All studies were evaluated by one researcher, while the
other reviewed 1 of every 3 studies selected at random; the inter-rater
reliability at this phase was 100%. Finally, data extraction inter-rater
reliability –calculated as the percentage of data extracted from one
intervention per case within each study that were equally rated by both
researchers, with a 1% margin of error-, was conducted in the same
way. Again, inter-rater reliability at this phase was 100%. All dis-
agreements were settled by consensus with a third researcher.

2.3. Quality analysis

We conducted a quality analysis to determine the methodological
quality of the study sample. Two researchers independently conducted
a quality analysis of each intervention within each SCD study, following
the criteria of the What Works Clearinghouse (WWC) SCD Panel
(Kratochwill et al., 2010). We chose to follow the WWC SCD re-
commendations because it specifies in great practical detail how to
conduct a comprehensive analysis of the key methodological char-
acteristics of a good single case design. In addition, it allowed us to
classify each intervention within each reviewed study depending on a)
whether it met the WWC standards, it met them with reservations or it
did not meet them; and b) whether its visual analysis showed strong,

moderate or no evidence of a causal relation between the intervention
and the observed changes in the target behavioral outcome. To quantify
the results of the quality analysis, each intervention was assigned a
score from 0 to 6 following the quality index guidelines described in
Hurl et al. (2016), p. 6= interventions that meet the WWC standards
and present strong evidence of a causal relation; 5=meet the standards
and present moderate evidence; 4=meet the standards with reserva-
tions and present strong evidence; 3=meet the standards with re-
servations and present moderate evidence; 2=meet the standards and
present no evidence; 1=meet the standards with reservations and
present no evidence; and 0=do not meet the standards.

The quality analysis inter-rater reliability was calculated as the
percentage of included interventions which methodological character-
istics and visually-inspected evidence for a causal relation were rated
the same by both researchers. As with the data extraction process, one
researcher rated all studies and the other was randomly assigned the
30%. The quality analysis inter-rater reliability was 100% for metho-
dological characteristics and 90% for the visual analysis of the inter-
vention outcome. All disagreements were settled by consensus.

2.4. Effect size analysis

Among the different effect size estimators found in the literature, we
chose the Log Response Ratio (LRR; LRRd for a decrease size effect and
LRRi for an increase size effect), a recently developed effect size esti-
mator for single-case studies of free-operant behavior (Pustejovsky,
2015, 2018). It was chosen for its statistical properties and for its
adequacy to the characteristics of our study sample (see Pustejovsky,
2015, 2018; Zimmerman et al., 2018). In addition, in contrast to other
parametric effect sizes, this within-case parametric effect size estimator
can be obtained for each case within a SCD study, thus allowing for a
quantitative synthesis of single-case interventions to be performed

Fig. 1. Flux diagram.
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(Pustejovsky, 2015, 2018). The LRR effect size parameter is defined as:

⎜ ⎟= ⎛
⎝

⎞
⎠

ψ
μ
μ

ln ,B

A

where ln() stands for the natural logarithm function, μA stands for the
baseline mean level and μB stands for the treatment mean level. How-
ever, this effect size parameter implies a series of assumptions that may
not be realistic given the characteristics of many SCD studies. Thus, a
series of bias corrections are needed to achieve a proper effect size
estimator. Specifically, the problem of auto-correlation (i.e., non-in-
dependent sampling of the outcome measure) could yield biased LRR
sampling variances (Pustejovsky, 2018a, 2018b, 2018c). A method to
control for this problem is outlined below.

Although the main target of our review were the interventions on
atypical vocalizations (i.e., LRRd), the LRR was also calculated for in-
terventions on appropriate behavior (i.e., LRRi), when this measure was
included. Since 5 studies (Alumbaugh, 1971; Ayllon & Michael, 1959;
Nydegger, 1972; Slade, 1972; and; Vandbakk, Arntzen, Gisnaas,
Antonsen, & Gundhus, 2012) did not assessed behavioral outcomes
through direct observation or did not report the results across each
intervention phase, the LRRd was estimated from the data of 19 cases
(18 studies), out of the 23 studies that first met the inclusion criteria.
Out of those 19 cases, only 11 included measures of appropriate be-
havior. Since many cases included several interventions, we only cal-
culated the LRR for the intervention that showed the highest quality
analysis index. All calculations were done with the software R v3.0.5 (R
Core Team, 2018), specifically the SingleCaseES package (Pustejovsky,
2018a, 2018b, 2018c).

2.5. Quantitative synthesis

We then proceeded to conduct a quantitative synthesis of the results
of the 19 FBA-based interventions for atypical vocalizations. The WWC
SCD Panel stablishes that a 5-3-20 threshold must be met before the
results of a given set of SCD studies can be summarized, so that it must
include: a) at least 5 studies that meet the WWC standards with or
without reservations; b) studies carried out by at least 3 different re-
search teams from three different institutions with no overlapping au-
thorship; c) a total number of cases of at least 20. Although our study
sample met a) and b), it did not meet c), given that we only had 19 case
interventions. Still, since the characteristics of our study sample were
quite close to meet the WWC 5-3-20 threshold, we deemed it appro-
priate to conduct an exploratory quantitative synthesis.

Prior to the analysis, we screened for standardized z values larger
than 3.29 or smaller than −3.29 to control for the presence of potential
outliers that could influence the overall average outcome (Assink &
Wibbelink, 2016). We then conducted a random effects multilevel
meta-analysis (Assink & Wibbelink, 2016; Konstantopoulos, 2011)
using the metafor package in R (Viechtbauer, 2010). The random ef-
fects approach to meta-analysis was deemed appropriate given the
considerable degree of heterogeneity of our study sample. On the other
hand, the multilevel meta-analytic model was deemed appropriate
since it adds random effects at both the case level and the study level,
thus accounting for the problem of correlation between effects within
the same study (Konstantopoulos, 2011; Pustejovsky, 2018a, 2018b,
2018c).

Therefore, the main possible sources of heterogeneity in our meta-
analytic model were three: sampling variance (i.e., heterogeneity due to
the recording of the target behavior), within-study variance (i.e., het-
erogeneity due to the differences among cases within a given study) and
between-study variance (i.e., heterogeneity due to the differences
among studies). Estimates of within-study variance (ω2) and between-
study variance (τ2) were obtained through a restricted maximum like-
lihood method (Pustejovsky, 2018a, 2018b, 2018c; Viechtbauer, 2010).
However, the estimation of both variance components is dependent on

the accuracy of the sampling variance, which in the case of SCD studies
might be affected by the abovementioned problem of auto-correlation
(Hedges, Tipton, & Johnson, 2010). A procedure of robust variance
estimation with small-sample corrections was applied through the
clubSandwich package in R (Pustejovsky, 2018a, 2018b, 2018c), to
obtain robust ω2 and τ2 estimates even in the presence of auto-corre-
lation (Hedges et al., 2010; Tipton, 2015). In addition, we performed
two separated log-likelihood-ratio tests to determine whether the
within-study and between-study variance components were significant
(Assink & Wibbelink, 2016). However, given the potential threat that
the log-likelihood-ratio tests would not be significant due to the small
number of effect sizes, we also calculated the percentage of the total
amount of heterogeneity located at each level (sampling variance, case-
level and study-level). We applied the 75% rule described in Assink and
Wibbelink (2016), which states that if the sampling variance does not
account for at least the 75% of the total amount of variance, then
heterogeneity can be regarded as substantial and moderator analyses
should be performed.

Finally, to account for the amount of heterogeneity due to the dif-
ferences in the abovementioned study characteristics, we performed a
mixed effects multilevel meta-analysis. We first analyzed every poten-
tial moderator separately to detect which were significant. Once single
significant moderators were detected, a mixed effects multilevel meta-
analysis with multiple moderators was performed.

3. Results

3.1. Characteristics of the study sample

A total of 23 studies (see Table 2) were included in this review.
Tables 1 and 2 present the study characteristics and participant in-
formation. These studies report the results of FBA-based interventions
for atypical vocalizations of 24 adult participants (54.2% female). One
of the included studies reported two cases. All participants were adults
(mean= 35.5) no older than 65 years. Most participants had multiple
diagnosis (41.7%). The most frequent single diagnosis was schizo-
phrenia (29.2%). 41.7% of the participants presented multiple problem
behavior topography; delusional plus hallucinatory speech was the
most common one (33.3%). In addition, attention was the most
common function of problem behavior (58.33%).

The most used FBA method was the experimental one (41.1%). In 5
studies, two FBA-methods were used. The ABK design was the most used
in the different interventions (91%); only two studies employed a
multiple baseline design. Interventions generally included several be-
havior modification techniques (62.5%). The most common combined
intervention was the differential reinforcement of appropriate beha-
viors plus extinction of the problem behaviors (50%). In addition,
nearly half the interventions used natural change agents (45.8%).

Regarding the methodological quality, the different interventions
included in each case (n=48) showed great differences in their asso-
ciated quality analysis indexes. We rated 29 interventions (60.4%) in-
tended to decrease atypical vocalizations (extracted from the total 24
cases) and 19 interventions (40.6%) intended to increase appropriate
vocalizations (extracted from 17 cases). 12 interventions on atypical
vocalizations (41.7%), extracted from 10 different cases, demonstrated
acceptable methodological quality rates (i.e., QA index≥ 3). On the
contrary, only 5 FBA-interventions on appropriate behavior showed
acceptable methodological quality indexes. Many of the 0 scores were
due to the employment of a pre-experimental design (e.g., did not have
a minimal AB2 or ABAB design).

3.2. Intervention outcomes and meta-analysis

Table 3 reports the outcomes of the interventions included in the
meta-analysis in terms of percentage decrease of atypical vocalizations
and percentage increase of appropriate behavior, whenever this last
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measure was included. These percentage measures were obtained by a
transformation of the LRRd and LRRi1 estimates. Additional

information regarding the generalization or maintenance in time (i.e.,
follow-up) of reported results on atypical vocalizations is also displayed
here. Only 36.8% of interventions reported some kind of generalization
test (many of them were simply anecdotal), out of which 71.4% re-
ported positive generalization results. Even fewer interventions re-
ported some kind of follow-up information (21.1%), out of which 75%
reported positive maintenance results.

Table 4 shows a summary of descriptive statistics, LRRd and its
associated standard error for each intervention phase. Since none of the
standardized z values associated to each LRRd estimate were larger
than 3.29 or smaller than −3.29, all the reviewed interventions were
included in the meta-analysis.

Fig. 2 presents the forest diagram of multivariate meta-analysis of
random effects of selected interventions in atypical vocalizations. In-
terventions are ordered from greater to smaller effect size and the
confidence interval of each of the interventions is represented. In this
figure we can see how all the interventions have shown a significant
effect size in which the value 0 - which means no effect - is not within
their confidence interval.

Table 5 includes a summary of the results of both the random effects
multilevel meta-analysis (Model I) and the mixed effects multilevel
meta-analysis (Model II). Across the 19 cases, the overall average effect
size was −1.26 (p < .001), 95% CI: [-0.959, −1.56], which approxi-
mately corresponds to a percentage decrease in atypical vocalizations of
72%, 95% CI: [62%, 79%]. The associated robust standard error was
0.142. The robust within-study variance component was ω2= 0.001.
This result was expected given the low number of studies with more
than one case. On the other hand, the robust between-study variance
estimator was τ2= 0.309. This result could indicate a high degree of
unaccounted heterogeneity in effects across studies. However, none of
the two separated log-likelihood-ratio tests for each variance compo-
nent yielded significant results (p > .05). Nonetheless, since the per-
centage amount of the total variance that could be attributed to the
sampling variance level was just an 8%, we decided to follow the 75%
rule described in Assink and Wibbelink (2016) and keep the multi-level
meta-analytic model while checking for possible moderators.

Then, we conducted a mixed effects multilevel meta-analysis to
detect potential moderators that could partially account for the un-
explained heterogeneity. The potential continuous moderators con-
sidered were the publication year and the participant's age. The po-
tential categorical moderators considered were: participant's gender
(male or female), type of functional assessment (indirect, direct, ex-
perimental or mixed), intervention technique (differential reinforce-
ment, non-contingent reinforcement or time-out), behavior topography
(hallucinations, delusions, disorganized speech or mixed), diagnosis
(schizophrenia, multiple or other), diagnosis nature (developmental vs.
non-developmental condition), recording procedure (event counting,
continuous recording or partial interval recording) and the quality
analysis index (QA-0, QA-3 or QA-5).

The omnibus tests for each potential moderator yielded only two
significant moderators: the publication year (F(1, 17)= 4.497,
p= .034) and the quality analysis index (F(2, 16)= 9.393, p= .009).
The publication year regression coefficient (−0.020, p= .036) showed
that the more recent the interventions were, the larger (i.e., more ne-
gative) the effect size was. As to the quality analysis index, the average
effect size was significant for all levels (QA-0=−1.05, p < .001; QA-
3=−1.07, p < .01; QA-5=1.95, p < .01), although the QA-5 group
showed a significantly larger effect size than both the QA-0 group
(estimated difference=−0.90, p < .05) and the QA-3 group (esti-
mated difference=−0.88, p < .05). No significant differences were

Table 1
Participants, setting and study characteristics.

Included Cases

n (%)

Gender
Female 13 (54.2)
Male 11 (45.8)

Age
Early adults (18–25 years) 6 (25)
Adults (26–65 years 17 (70.8)
Unspecified 1 (4.2)

Diagnosis
Autism spectrum disorder 1 (4.2)
Moderate intellectual disability 2 (8.3)
Severe intellectual disability 1 (4.2)
Schizophrenia 7 (29.2)
Traumatic brain damage 1 (4.2)
Multiple 10 (41.7)
Unspecified 2 (8.3)

Behavior Topography
Delusional speech 4 (16.7)
Hallucinatory speech 5 (20.8)
Disorganized speech 5 (20.8)
Multiple 10 (41.7)
Delusional + Hallucinatory 8 (33.3)
Delusional + Disorganized 2 (8.3)

FBA method
Descriptive 3 (12.5)
Experimental 10 (41.1)
Indirec 6 (25)
Multiple 5 (20.8)
Indirect + Experimental 3 (12.5)
Indirect + Descriptive 1 (4.2)
Descriptive + Experimental 1 (4.2)

Behavior Function
Positive reinforcement 15 (62.5)
Attention 15 (62.5)
Negative reinforcement 1 (4.2)
Escape from aversive stimuli 1 (4.2)
Respondent conditioning 2 (8.3)
Multiple 5 (20.8)
Escape/Attention 3 (12.5)
Escape/RC 1 (4.2)
Automatic reinforcement1/Tangibles 1 (4.2)
Not found 1 (4.2)

Intervention Technique
DR 16 (66.7)
+ Ex 12 (50)
+ Inst 1 (4.2)
+ SD 1 (4.2)
NCR 4 (16.7)
TO 2 (8.3)
+ Inst 1 (4.2)
SD 2 (8.3)

Single Case Design
AB≥2 14 (58.3)
AB<2 8 (33.3)
Multiple Baseline 2 (8.3)

Notes. Intervention technique: DR=differential reinforcement;
Ex= Extinction; Inst= Instructions; NCR=non-contingent reinforcement;
TO= time out; and SD= systematic desensization. Single Case Design:
AB≥2= SCD with at least two baseline and two treatment phases;
AB<2= SCD with less than two baseline or two treatment phases. 1

Unspecified if positive or negative.

1 As it was explained above, we could not carry out a quantitative synthesis of
the results of the interventions aimed at increasing alternative behavior due to
an insufficient number of case interventions including this kind of measure
(only 11). Therefore, the LRRi for those interventions is not reported in Table 4,
because it was not finally employed for conducting a quantitative synthesis.

(footnote continued)
However, we employed it to obtain a more precise measure of the percentage
increase of appropriate behavior obtained in each of those interventions, which
appears in Table 3.
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found between the QA-3 and the QA-0.
Subsequently, we performed a mixed effects multi-level meta-ana-

lysis with both moderators. The publication year was found to be only
marginally significant (−0.021, p < .1), thus suggesting that the pre-
viously observed moderating effect of this variable was at least partially
confounded with the moderating effect of the quality analysis index.
The average effect size was significant for all levels of the quality
analysis index (QA-0=−1.17, p < .01; QA-3=−0.93, p < .01; QA-
5=−1.94, p < .01), which corresponded to percentage decreases in
atypical vocalizations of 69%, 95% CI: [46%, 82%] for the QA-0 group;
61%, 95% CI: [42%, 73%] for the QA-3 group; and 86%, 95% CI: [76%,
92%] for the QA-5 group. Again, the QA- 5 showed a significantly larger
effect size than both the QA-0 (estimated difference=−0.78, p < .01)
and the Q-3 groups (estimated difference=−1.01, p < .01), and no
significant difference was found between these last two.

Finally, while the robust within-study variance estimator remained
almost equal (ω2= 0.002), the robust between-study variance esti-
mator changed to τ2= 0.138, thus indicating that both moderators
accounted for the 55% of the between-study heterogeneity. However,
the test for residual heterogeneity was still significant (p < .001), thus
pointing at the possible influence of other variables not considered in
our model on the FBA-intervention effectiveness.

4. Discussion

After analyzing the results, it can be concluded that all the included
cases of FBA-based interventions for atypical vocalizations have proven
to be effective at detecting the behavioral functions of this kind of
problems and, consequently, implementing intervention techniques
aimed at reducing them, with high overall percentage reduction results.
However, included studies seldomly reported information regarding the
generalization or maintenance in time of these outcomes (although,
when they did, the results tended to be positive). In addition, in many
studies the frequency of appropriate behavior also increased. Still, this
last effect was not always observed, and it was highly variable. This
high variability might be partially due to the high sensitivity of the
LRRi estimate when the target behavior level approaches zero at any
given intervention phase (Pustejovsky, 2018a, 2018b, 2018c). How-
ever, it might also be probably due to the fact that the main focus of the
included FBA-based interventions was on the reduction of atypical
vocalizations rather than the promotion of alternative behaviors. Thus,
although we can be confident about the behavior reduction effects of
this type of interventions, we cannot draw firm conclusions on their
appropriate behavior increasing effects. Both issues (i.e., the relative
lack of evidence on appropriate behavior increase and the lack of
generalization and follow-up measures) should be taken into account by
future clinical research on this area.

Regarding the results of the meta-analysis, the FBA-based

Table 2
Intervention characteristics.

Study Problem
Behavior

Function Design Quality
Index1

Age Diagnosis FBA FBA-based
intervention2

Use of natural
change agents

Alumbaugh (1971) H RC AB<2 0 53 None IND SD Yes
Anderson and Alpert (1974) H Attention AB≥2 0 26 SCHZ DES DRO No
Arntzen, Tonnessen, and Brouwer (2006) D/DS Attention AB<2 0 44 Multiple IND/EX DRA/Extinction No
Ayllon and Haughton (1964) D Attention AB<2 0 47 SCHZ EX DRA/Extinction Yes
Ayllon and Michael (1959) D Attention AB<2 0 * SCHZ IND DRA/Extinction Yes
Carr and Britton (1999) DS Attention MB 0 32 MID IND/EX NCR No
Davis, Wallace, Liberman, and Finch

(1976)
D/H Attention AB≥2 0 33 SCHZ IND TO/Instructions Yes

DeLeon, Arnold, Rodriguez-Catter, and
Uy (2003)

DS Attention AB≥2 5 21 Multiple EX DRA/Extinction No

Dixon, Benedict, and Larson (2001) D/H Attention AB≥2 3 25 Multiple EX DRA/Extinction No
Haynes and Geddy (1973) H * AB≥2 0 45 SCHZ DES TO Yes
Horner, Albin, and Mank (1989) DS Attention AB≥2 3 26 SID IND/EX DRA/Extinction No
Jimenez, Todman, Pérez, Godoy, and

Landon-Jimenez (1996)
H Escape AB≥2 0 49 SCHZ DES DRO/Instructions No

Lancaster et al. (2004)
Participant 1 D/H Attention AB≥2 3 56 Multiple EX NCR No
Participant 3 D/H Attention AB≥2 3 53 Multiple EX NCR No
Mace and Lalli (1991) D/H Escape/

Attention
AB≥2 5 46 MID EX/DES NCR Yes

Mace, Webb, Sharkey, Mattson, and
Rosen (1988)

D/H Escape/
Attention

AB≥2 5 29 Multiple EX DRA/Extinction Yes

McDonough, Johnson, and Waters (2017) D Escape/
Attention

AB<2 0 45 Multiple IND/DES DRA/Extinction Yes

Nydegger (1972) D/H Escape/RC AB<2 5 20 SCHZ IND DRA/SD Yes
Rehfeldt and Chambers (2003) DS Attention AB≥2 3 23 Multiple EX DRA/Extinction No
Slade (1972) H RC AB<2 5 18 None IND SD No
Travis and Sturmey (2010) DS Attention AB≥2 3 26 TBD EX DRA/Extinction Yes
Vandbakk et al. (2012) D/DS Auto/Tangible AB<2 0 24 ASD IND DRA No
Wilder, Masuda, O'Connor, and Baham

(2001)
D Attention AB≥2 5 43 Multiple EX DRA/Extinction No

Wilder, White, and Yu (2003) D/H Attention MB 0 36 Multiple EX DRA/Extinction Yes

Notes. Behavioral problem: H=hallucination; D= delusion; DS=disorganized speech. Function: RC= respondent conditioning; Auto= automatic reinforcement.
Mental diagnostic: SCHZ= schizophrenia; MID=mild intellectual disorder; SID= severe intellectual disorder; TB= traumatic brain disorder; ASD= autism
spectrum disorder. Behavioral technique: SD= systematic desensitization; DRO=differential reinforcement of other behaviors; DRA=Differential reinforcement of
alternative behavior; TO= time out and NCR=non contingent reinforcement. Design: AB≥2= SCD with at least two baseline and two treatment phases;
AB<2= SCD with less than two baseline or two treatment phases. 1 Single-case design quality index for the interventions on atypical vocalizations. 2 Only the
intervention techniques included in the meta-analysis were included, except in the case of Alumbaugh (1971), Ayllon and Michael (1959), Nydegger (1972), Slade
(1972) and Vandbakk et al. (2012). The interventions reported in these five studies were not included in the meta-analysis because they did not assess behavioral
outcomes through direct observation or did not report the results across each intervention phase.
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interventions on atypical vocalizations show a high degree of beha-
vioral change, with associated percentage decreases of problem beha-
vior ranging from 62% to 79%. This suggests that the functional ana-
lysis of behavior is a reliable assessment tool to guide the treatment of
atypical vocalizations and consequently achieve significant clinical
changes.

Furthermore, as the results of our mixed-effects multilevel meta-
analysis suggest, this effectiveness might be independent of person-re-
lated variables (i.e., gender, age), diagnosis-related variables (i.e.,
problem behavior topography, diagnosis and nature of the diagnosis)

and intervention-related variables (i.e., type of FBA and behavior
modification technique used). This could be due to the core char-
acteristic of this kind of intervention: its idiosyncratic adaptation to the
contingencies of the person's behavior regardless of its topography, its
related diagnosis or its developmental nature. Therefore, as shown by
Hurl et al. (2016), considering the functional aspect of a certain pro-
blem behavior, regardless of its allegedly bizarre topography, could be
a key therapeutic tool to enhance the therapeutic power of our inter-
vention.

However, the absence of a significant difference in the effect size

Table 3
Intervention outcomes.

Studya Problem behavior
reduction (%)

Appropriate behavior increases
(%)

Reduction generalization/
Achievementb

Reduction maintenance (follow-up)/
Achievementc

Anderson and Alpert (1974) 50.1 * Yes/Yes No/*
Arntzen et al. (2006) 47.8 543.8 Yes/Yes No/*
Ayllon and Haughton (1964) 60.4 237.1 No/* No/*
Carr and Britton (1999) 59.7 * No/* No/*
Davis et al. (1976) 62.9 * Yes/No Yes/No (unspecified)
DeLeon et al. (2003) 89.5 * No/* No/*
Dixon et al. (2001) 56.1 268.5 No/* No/*
Haynes and Geddy (1973) 37.5 * No/* No/*
Horner et al. (1989) 47.4 12.1 Yes/No No/*
Jimenez et al. (1996) 87.4 * No/* Yes/Yes (6 weeks)
Lancaster et al. (2004)
Participant 1 69.2 206.9 No/* No/*
Participant 2 61.9 −42.8 No/* No/*
Mace and Lalli (1991) 85.4 * Yes/Yes No/*
Mace et al. (1988) 78.1 112.3 Yes/Yes No/*
McDonough et al. (2017) 91.1 * No/* Yes/Yes (2, 4 and 6 months).
Rehfeldt and Chambers (2003) 63.9 144 No/* No/*
Travis and Sturmey (2010) 85.1 259.6 No/* Yes/Yes (6 months, 1, 2 and 4 years)
Wilder et al. (2001) 91.5 96.1 No/* No/*
Wilder et al. (2003) 73.6 32.5 Yes/Yes No/*

a Only the outcomes of the 19 interventions included in the meta-analysis are reported.
b The achievement of the generalization of reduced problem behavior is reported dichotomously since not all interventions included specific generalization

measures (e.g., some of them merely reported generalization in a narrative way or included mixed data from diverse treatment or extra-treatment settings). In
addition, some studies reported specific generalization measures, but these were either: a) already included in the data employed for the calculation of the overall
percentage decrease of problem behavior (when these measures were part of the intervention included in the meta-analysis); or b) were part of a separate inter-
vention that was not included in the meta-analysis and, thus, was not quantitatively analyzed by the authors of the present study.

c The achievement of maintenance of reduced problem behavior at follow-up is reported dichotomously for not all interventions included specific measures (e.g.,
some of them merely reported maintenance in a narrative way). In addition, some studies reported specific follow-up measures, but these were screened out of the
data gathering for the evaluation of intervention efficacy and were not quantitatively analyzed by the authors of the present study.

Table 4
Summary statistics and LLR effect size estimates for atypical vocalizations of included studies.

Study Baseline phase Treatment phase Effect side

ỹA sA n ỹA sA n LRR SER

Anderson and Alpert (1974) 52.310 5.786 8 25.8716 15.340 18 −0.695 0.145
Arntzen et al. (2006) 20.673 5.342 7 10.814 5.897 41 −0.649 0.129
Ayllon and Haughton (1964) 77.163 27.510 20 30.196 21.548 18 −0.927 0.186
Carr and Britton (1999) 98.815 2.450 19 39.634 29.491 61 −0.909 0.095
Davis et al. (1976) 50.395 25.286 7 18.843 22.854 79 −0.992 0.233
DeLeon et al. (2003) 16.677 2.033 22 0.176 0.172 16 −2.249 0.356
Dixon et al. (2001) 12.496 3.859 6 5.510 1.825 19 −0.823 0.147
Haynes and Geddy (1973) 47.258 5.843 13 29.393 13.657 22 −0.470 0.104
Horner et al. (1989) 1.6482 0.206 10 0.864 0.121 11 −0.641 0.149
Jimenez et al. (1996) 14.772 9.547 8 1.864 2.019 23 −2.07 0.321
Lancaster et al. (2004)
Participant 1 49.262 6.985 9 15.069 6.754 12 −1.177 0.137
Participant 2 80.951 15.416 8 30.876 15.594 10 −0.953 0.173

Mace and Lalli (1991) 22.893 12.196 38 3.271 4.995 50 −1.926 0.232
Mace et al. (1988) 4.145 0.913 15 0.904 0.601 53 −1.520 0.107
McDonough et al. (2017) 51.514 19.084 11 4.113 9.331 20 −2.420 0.484
Rehfeldt and Chambers (2003) 27.518 10.062 11 9.871 7.055 20 −1.018 0.194
Travis and Sturmey (2010) 1.445 0.175 8 0.209 0.157 9 −1.902 0.253
Wilder et al. (2001) 31.773 25.106 11 2.555 4.622 20 −2.466 0.469
Wilder et al. (2003) 15.545 11.653 9 4.083 3.823 22 −1.331 0.263
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across the different FBA methods seems to be somewhat counter-
intuitive; it would be expected that interventions based on mixed or
experimental FBA methods would be able to detect the environmental
controlling variables more precisely and, consequently, modify problem
behaviors more effectively (Hurl et al., 2016). This could mean that
even indirect functional assessment techniques are precise enough to
establish the environmental contingencies of these problem behaviors.
However, it could also be due to methodological limitations (e.g., small
study sample). This should be further addressed by future research on
this topic.

On the contrary, we found significant differences due to both the
publication year and the quality analysis index. As abovementioned, the
quality analysis index assesses both the fit of the case intervention
methodology to the WWC standards and the estimated strength of the
evidence of a causal relation (Kratochwill et al., 2010). Given that both
the QA-3 and the QA-5 groups indicated moderate evidence of a causal
effect and that only QA-5 differed significantly from Q-0, it seems that
the actual moderating effect of the quality analysis index lies at its
measure of the methodological quality; in other words, case interven-
tions show a larger effect size when the quality of their methodological
design is better. This suggests that a good methodological design is
needed in order to better appreciate the effectiveness of the interven-
tion. Therefore, we would like to encourage future researchers and
practitioners to employ experimental single-case designs in their FBA-
based interventions (whenever this is deemed possible according to
ethical standards). On the other hand, when combined, the moderating
effect of the publication year was at least partially confounded with the

moderating effect of the quality analysis index. This suggest that there
is a positive time trend towards the enhancement of the methodological
quality of the FBA-interventions on atypical vocalizations.

However, this study has obvious methodological limitations that
compel us to be cautious when interpreting the results. Firstly, it is not
exempt from the characteristic biases of any meta-analysis. Publication
bias, for example, could be the reason why only cases with positive
results have been included. We have tried to control for this bias by
including searches in the gray literature. However, none of the studies
found with this resource met our searching criteria. Secondly, although
our intervention sample closely approached the 5-3-20 WWC criterion
to perform a quantitative synthesis of SCD studies, it still remained
small. To account for this potential source of bias, we included small-
sample corrections in our meta-analysis. However, our conclusions
would be better-informed with a larger study sample with better
methodological designs. Thirdly, the amount of residual heterogeneity
of our mixed effects multilevel model was still high and significant.
Future research should consider other potential moderators of the size
effect in order to account for the unexplained variance. Another po-
tential limitation is that this review only included papers with in-
dividuals aged 18 and over, it would be very interesting to open up the
focus of a future review to adolescents. Finally, it would be very in-
teresting to compare FBA-based interventions with non-FBA-based in-
terventions on atypical vocalizations, in order to determine whether
significant therapeutic differences arise.

Despite these limitations, this study is the first to quantitatively
synthesize the results of SCD studies of FBA-based interventions for

Fig. 2. Results of the random effects multilevel meta-analysis.

Table 5
Summary results of the meta-analysis.

Studies Cases Est. SE (Est.) d.f. 95% CI % reduction τ 2̂ ω2

Model 1 0.309 0.001
Overall average 18 19 −1.26 0.142 16.6 [-0.959, −1.56] [-61.672, −78.986]

Model 2 0.138 0.002
Publication year 18 19 -.0208 0.0102 7.00 [0.00325, −0.0448]
QA 0 9 9 −1.1705 0.2216 5.56 [-0.61788, −1.7232] [-46.091, −82.151]
QA 3 5 6 −0.9327 0.1454 4.33 [-0.54080, −1.3245] [-41.772, −73.406]
QA 5 4 4 −1.9474 0.1501 2.69 [-1.43744, −2.4573] [-76.246, −91.433]
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atypical vocalizations, and we hope that its results will be of help to
other mental health practitioners when choosing the appropriate eva-
luation methods to assess this kind of psychological problems. Overall,
our analyses suggest that the FBA might be an effective and efficient
method to guide an intervention for the treatment of atypical vocali-
zations. Furthermore, we believe that this might be interesting to
consider in view of the recent debate on the nature and etiology of these
phenomena (Deacon & McKay, 2015; Rosernfarb, 2013), since it sug-
gests that behaviors traditionally related to severe and enduring mental
illnesses, such as delusions, hallucinations or disorganized speech,
could be dependent on environmental contingencies and therefore
modifiable through their manipulation. If so, any given intervention on
this kind of problems should always take the environmental con-
tingencies into account, regardless of their alleged neurological
etiology. The fact that interventions designed from a medical model do
not perform a functional assessment of these problems could partially
explain why they tend to become chronic. Perhaps, we should start to
pay more attention to the functional role of these behaviors in the lives
of the people who present them.
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