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Abstract

Lag schedules increase operant variability. Several researchers have explored their clinical and educational applications, espe-
cially to address repetitive behavior or limited repertoires in individuals with autism spectrum disorder. In the current study, we
provide the first comprehensive synthesis and appraisal of lag schedule research in humans. A multistep search strategy was
employed to identify all experimental studies of lag schedules in humans published in peer-reviewed journals. We identified 38
studies that met inclusion criteria, summarized the study and participant characteristics, and evaluated evidential certainty. The
results suggest that lag schedules are emerging as a promising applied behavioral technology for increasing operant variability,
especially in individuals with autism spectrum disorder. We conclude with preliminary practice guidelines based on evidential
certainty provided by the studies and identify future avenues of research.

Keywords Lag schedules - Operant variability - Evidential certainty - Autism

Complex behaviors such as communication, learning through
observation, reading, writing, and play develop over time as
“progressive changes in interactions between the behavior of
an individual and the people, objects, and events in the envi-
ronment” (Bijou 1993, p. 12). Such changes rely in part on
natural and contrived differential reinforcement of successive
approximations to a target response, called shaping, but an
organism must first exhibit variations in behavior the environ-
ment can reinforce. Operant variability, which can be concep-
tualized as “a continuum ranging from repetitive at one end to
stochastic at the other” (Neuringer 2002, p. 672), may consist
of variation in topography (e.g., Pryor et al. 1969), dimension-
al quantities (e.g., Blough 1966), stimuli selected (e.g., Goetz
and Baer 1973), and other characteristics of responding over
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time as a function of the environment (Skinner 1938). When
operant variability enables an organism to solve problems,
maximize reinforcement, or minimize contact with aversive
stimuli, especially when contingencies change, it may be con-
sidered adaptive (e.g., Sidman 1960). Researchers have
started to explore the possibility that reinforcing operant var-
iability itself, as opposed to any particular response variation,
may promote a more typical developmental trajectory in indi-
viduals with autism spectrum disorder (ASD) by using differ-
ential reinforcement (e.g., Miller and Neuringer 2000) to re-
place characteristic repetitive and stereotyped behavior (i.e.,
an invariance problem) with adaptive variability (e.g.,
Rodriguez and Thompson 2015) susceptible to shaping.
While most behavior analysts have focused almost exclu-
sively on the repetition-selective effects of reinforcement
since the 1930s, studies examining the potential variability-
selective effects of reinforcement have gained momentum
since the 1960s. For example, Blough (1966) demonstrated
that pigeon pecking approximated stochastic-like responding
as a result of differential “reinforcement of least frequent
interresponse times” (p. 582). In 1969, Pryor et al. reported
delivering reinforcement to porpoises contingent on novel
performances (i.e., not previously demonstrated during train-
ing). Coinciding with training, the porpoises began to demon-
strate a broad range of varied and complex response topogra-
phies, including responses not previously observed in the
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species (although see Holth 2012a, b for an alternative
interpretation). Similarly, Goetz and Baer (1973) increased
the variety of block forms produced by typically developing
4-year-old girls by delivering praise contingent on making
block forms that differed from all previous block forms within
a session.

Page and Neuringer (1985) reported more direct and con-
clusive evidence for the reinforcement of variability using lag
schedules to reinforce sequence variability in pigeons in six
rigorous experiments. Under a lag schedule, a response or
response sequence is reinforced if it differs from N responses
or response sequences, with N equal to the value of the lag.
For example, under a Lag 1 schedule, every response is rein-
forced when it differs from the preceding response within a
session (e.g., Lee et al. 2002). Under a Lag 5 schedule, a
response is reinforced if it differs from the preceding five
responses within a session (e.g., Falcomata et al. 2018). The
major findings from Page and Neuringer’s experiments were
the following: (a) response sequence variability (i.e., variabil-
ity in fixed-length sequences of left and right key presses) was
shown to be reinforced in pigeons; (b) increasing the lag value
increased sequence variability; (c) pigeons’ response variabil-
ity increased, as the required response sequence length in-
creased; (d) high levels of variability required a contingency
between response variability and reinforcement; and (e) se-
quence variability was brought under discriminative control.

Reinforcement of operant variability has now been repli-
cated many times over, across multiple species (e.g.,
Neuringer 2002), leading to the conclusion of many behavior
analysts (although not all; Palmer 2012) that variability is a
dimension of operant behavior that can be reinforced. Recent
studies in the experimental analysis of behavior have led some
behavior analysts to suggest that differential reinforcement of
“various combinations of switches and repeats” may ultimate-
ly produce a generalized, higher-order response class of “re-
inforced variation” in a manner similar to multiple exemplar
trainings (Doughty and Galizio 2015).

Stokes (1999) conducted the first basic experiment on lag
schedules in humans in which participants earned points on a
computer game by pressing up or down directional keys to
move a white square to the lower right corner of a grid.
Twenty female undergraduate students were randomly
assigned to two groups. In one group, key pressing was ini-
tially reinforced on a Lag 0 schedule, followed by a gradual
increase to Lag 2, Lag 10, and Lag 25. In the other group, the
order of the conditions was reversed. In both groups, key press
variability systematically increased across lag schedule
values, and the group exposed to the higher lag schedule
first exhibited overall higher levels of variability. Stokes
(1999) interpreted the results to suggest that variability is a
learned behavior, lag schedules teach individuals how much to
vary their behavior, and higher variability levels result from
reinforcing variability early on in an organism’s training.

In the first applied lag schedule study, Lee et al. (2002)
evaluated the effects of lag schedules on responses to social
questions (e.g., “How are you?”; i.e., intraverbal behavior) in
male participants with ASD. A Lag 1 schedule of positive
reinforcement increased intraverbal variability and the cumu-
lative number of novel and appropriate intraverbals in two out
of three participants. Multiple researchers have since extended
this work by evaluating the effects of lag schedules in isolation
and combined with other treatment components on verbal and
nonverbal behavior in multiple domains such as intraverbal
(i.e., conversational) responding to interview questions in
adults (e.g., O’Neill and Rehfeldt 2014), tacts (i.e., labeling
the environment; e.g., Heldt and Schlinger 2012), mands (e.g.,
Brodhead et al. 2016), manding (i.e., requesting reinforce-
ment) during functional communication training (e.g.,
Adami et al. 2017), activity selection (e.g., Ivy et al. 2019),
play skills (e.g., Baruni et al. 2014), feeding (e.g., Silbaugh
and Falcomata 2017), and multiple skills targeted within a
manualized social skills curriculum (e.g., Radley et al.
2017a). Findings from these studies converge to suggest that
lag schedules can increase variability in verbal and nonverbal
behavior in the otherwise repetitive behavior of individuals
with ASD. Given their potential for clinical and educational
benefit to individuals with ASD, it is imperative that re-
searchers continue to seek a better understanding of how lag
schedules work in humans generally (e.g., effects on develop-
mental trajectories and adaptive behavior) and generate prac-
tice guidelines for the appropriate use of current lag schedule-
based technology.

One study to date reviewed the published literature on lag
schedule research but also included studies of other interven-
tions for increasing variability too. Specifically, Wolf et al.
(2014) reviewed the studies of lag schedules and other inter-
ventions used to increase operant variability in individuals
with ASD and provided practice guidelines based on their
findings. Their review suggested that lag schedules were ef-
fective alone or in combination with antecedent manipulations
such as script training, prompting, and prompt fading, for
nearly 90% of participants across all 14 included studies.
Wolf et al. (2014) provided a practical and valuable initial
framework for increasing variability in individuals with
ASD using current available technology. However, the guide-
lines were not specific to lag schedules and may be outdated
due to recent growth in the lag schedule literature, they omit-
ted findings from basic lag schedule research in humans, and
there was no direct link to the evidential certainty provided by
studies critical for implementing lag schedules in the
evidence-based practice of applied behavior analysis (ABA;
Slocum et al. 2014).

Therefore, the aims of the current synthesis were to (a)
synthesize participant and study characteristics; (b) assess
what we know and do not know about the effects of lag sched-
ules in individuals with ASD and other populations from the
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basic, translational, and applied literature; (c) determine for
whom and when lag schedule-based interventions are appro-
priate; (d) update existing preliminary practice guidelines
based on the evidential certainty provided by the studies;
and (e) identify future avenues of lag schedule research.

Method
Search Procedures

A multistep search and screening process was conducted to
identify studies for inclusion. In step 1, the first author con-
ducted an electronic database search using the EBSCO host
through the University of Texas at San Antonio library by
searching the Academic Search Complete database for rele-
vant peer-reviewed journal articles written in English and pub-
lished no earlier than 1985 (i.e., publication of the seminal lag
schedule study; Page and Neuringer 1985). The following
search terms were utilized: “lag schedule*” or “operant vari-
ability” or “lag reinforcement” or “lag reinforcement sched-
ule*” or “lag schedule of reinforcement,” which yielded 40
studies. Seventeen of these studies met the inclusion criteria.
In step 2, the first author conducted an ancestral search for
additional studies by screening the references of studies in-
cluded from step 1. After removing duplicates, of those 250
references, the first author identified an additional 12 studies
that met the inclusion criteria. In step 3, the first author iden-
tified seven additional studies that met inclusion criteria by
entering the titles of each included study singly into Google
Scholar in a forward search. In total, the search process iden-
tified 36 studies for inclusion. After this search, two additional
studies were published which met the inclusion criteria and
brought the total to 38.

At each step of the search process, the first author provided
the search yield to the second author, who repeated the screen-
ing. The first author then assessed interrater reliability by cal-
culating the percentage of the total search yield at that step of
the search process that the raters agreed. Agreement at steps 1,
2, and 3 were 100%, 100%, and 86% (6/7 studies),
respectively.

Inclusion and Exclusion Criteria

Empirical (i.e., experimental and nonexperimental) evalua-
tions of lag schedules (i.e., “lag schedule” as explicitly stated
by the authors of the study, even if we later concluded that the
study did not use a lag schedule) employing any methodology
such as group design or single-subject design (including ex-
perimental or AB designs) in human participants, in any en-
vironment such as homes, schools, community, or laboratory
settings, were included. All other studies were excluded.

@ Springer

Data Extraction and Intercoder Agreement

Data extraction procedures were similar to other recent syn-
theses of behavior analytic research (e.g., Verschuur et al.
2014; Silbaugh et al. 2016). We developed a coding guide
which we used to extract data on participant and study char-
acteristics from included studies. Any features of studies con-
sidered potentially pertinent to the goals of the synthesis were
incorporated into the coding guide to minimize post hoc se-
lection biases (Cooper 2010). Participant and study coding
guide sections included operational definitions of dependent
variables and recording guidelines. The first and second au-
thors tested a draft of the coding guide by independently cod-
ing three randomly selected applied lag schedule studies to
clarify any ambiguous operational definitions or recording
guidelines and revised the coding guide as needed. We up-
dated the data in the coding guides for these lag schedule
studies according to any revisions to the coding guide. Then,
the authors discussed and agreed on a final coding guide and
initiated data extraction. To facilitate high intercoder reliabil-
ity and replication of the data extraction process (Cooper
2010), the first author coded all studies, and each coauthor
independently coded a different subset of the studies. Then,
the first author assessed intercoder agreement for all depen-
dent variables, including the questions related to evidential
certainty, coded for each study, and the mean agreement was
88%. Then, the authors discussed any disagreements until
consensus was reached on the entire data set.

Dependent Variables

The coding guide enabled data collection on 34 dependent
variables. Operational definitions and a coding guide tem-
plate are available upon request. For participant character-
istics, data were collected on age, sex, ethnicity, education
or treatment history (excluding basic experiments), and
diagnoses or conditions. For study characteristics, data
were collected on the journal, manualized interventions
(excluding basic experiments), setting (excluding basic
experiments), methodology, dependent variables in
single-subject design studies, dependent variables in
group design studies, type of single-subject design
(including further classification as a demonstration,
parametric analysis, component analysis, or sequential
analysis; Kennedy 2005), data collection methods, invari-
ance assessments (excluding basic experiments), social
validity assessment (excluding basic experiments), proce-
dural fidelity (excluding basic experiments), interobserver
agreement (excluding basic experiments), prompts (ex-
cluding basic experiments), self-monitoring procedures
(excluding basic experiments), reinforcer identification
(excluding basic experiments), stability criteria for
single-subject design studies only, condition signaling



Rev J Autism Dev Disord (2021) 8:92-107

95

for single-subject design studies only, generalization as-
sessment, maintenance assessment, treatment components
(excluding basic experiments), unwanted effects, rules
and instructions, lag schedule value, verbal operants (ex-
cluding basic experiments), reinforcement type, type of
contingency, lag schedule contingency, academic and
functional curricular areas (excluding basic experiments),
and evidential certainty (excluding basic experiments).

Evidential Certainty Classification

Certainty of evidence provided by each experiment (i.e., some
studies contained multiple experiments) was classified as sugges-
tive, preponderant, or conclusive (Verschuur et al. 2014). The
evidential certainty provided by an experiment was classified as
suggestive if the experiment did not use a true experimental
design or did not meet the criteria for a preponderant classifica-
tion. Evidential certainty was classified as preponderant if the
experiment used a true experimental design, assessed at least
30% of sessions with at least 80% agreement and fidelity, oper-
ationally defined dependent variables, and provided sufficient
procedural details to enable replication. The evidential certainty
provided by an experiment was classified as conclusive if the
study included all the attributes of a preponderant classification
and the design provided some control for alternative explanations
for treatment outcomes (i.e., threats to internal validity could be
ruled out by the design).

Results

General

We use the term “study” to refer to individual articles as
some studies consisted of multiple “experiments.” The

cumulative publications per domain are displayed in
Fig. 1. The publication of applied studies (n =30) greatly
outpaced other studies (i.e., basic and translational; n =9)
as indicated by a steep increased rate of applied study
publication beginning in 2013.

Applied Studies were published in ten journals, listed here
from most to least: The Analysis of Verbal Behavior, the
Journal of Applied Behavior Analysis, Developmental
Neurorehabilitation, the Journal of Developmental and
Physical Disabilities, Behavior Analysis: Research and
Practice, Research in Autism Spectrum Disorders, Behavior
Modification, Behavior Analysis in Practice, Behavioral
Interventions, and the Journal of Behavioral Education.

Other Basic and translational studies (i.e., other) were pub-
lished in seven journals, listed here from most to least: The
Journal of Applied Behavior Analysis, Developmental
Neurorehabilitation, Research in Autism Spectrum
Disorders, Creativity Research Journal, Psychonomic
Bulletin and Review, the International Journal of Creativity
and Problem Solving, and the Journal of Experimental
Psychology: Human Perception and Performance.

Participant Characteristics

Applied studies included 77 participants, and other studies
included 398 participants, for a total of 475 people who par-
ticipated in these studies. The percentages of participants in
each age group for applied and other studies are displayed in
Fig. 2. Of the 475 people who served as participants in these
studies, 60% (n=285) were adults and 40% (n=190) were
children. Only 15 adults (all were in applied studies) were
reported to have diagnoses of ASD, but 70 children (nearly
all were in applied studies, some in translational) were
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Fig. 2 The percentage of participants in each age group from applied and
other (i.e., basic and translational) studies. The large majority of
participants under 18 years of age were in applied studies and had a
diagnosis of ASD

reported to have diagnoses of ASD. Thus, basic studies mostly
included adults without ASD, and applied and translational
studies mostly included children with ASD.

Applied No participants were infants (n = 0; age 0—1 year), 3%
of participants were toddlers (n = 2; age 1-3 years), 21% were
preschoolers (n=16; age 3—6 years), 45% were school age
(n=35; age 6-12 years), 12% were adolescent (n=9; age
1217 years), and 19% were adults (n=15; age 18 + years).
Participants were mostly male (male =55; 71%, female = 20;
26%), and gender was not reported for two participants (3%).
Twenty-three percent of experiments (n = 7) reported ethnicity
(Caucasian, African American, Hispanic). Fifty percent (n =
15) of experiments reported information about participants’
treatment or educational history. All experiments reported
their participants’ diagnoses or conditions, most participants
(79%) had diagnoses of ASD, and other diagnoses or condi-
tions included intellectual disability and learning disability.

Other No participants were infants or toddlers, 1% were pre-
schoolers (n=15), 23% were school age (n=90), 1% were
adolescent (1 =3), 68% were adults (n =270), and for 8% of
participants, we could not classify them by age group.
Participants were mostly female (male =76; 19%, female =

312; 78%), and gender was not reported for 10 (3%) partici-
pants. No experiments reported ethnicity. Forty-seven percent
(n=7) of experiments (i.e., some studies contained multiple
experiments) reported information about participants’ educa-
tion or treatment history. Thirty-three percent (n = 5) of exper-
iments reported diagnoses or conditions, and of those studies,
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participants were either typically developing or had diagnoses
of ASD.

Study Characteristics

We classified twenty-nine studies as applied research which
consisted of 30 experiments, four studies as translational re-
search which consisted of five experiments, and five studies as
basic research which consisted of 10 experiments. We con-
cluded that Camilleri and Hanley (2005) did not use a lag
schedule because reinforcement was contingent on responses
that differed from all prior responses within a session (i.e.,
differential reinforcement of novelty, not variability).
Therefore, we excluded the coding guide data from this study
when calculating dependent variables pertaining to lag sched-
ules (e.g., lag schedule values or whether lag schedules were
evaluated in isolation from other treatment components).
Study characteristics for applied and translational studies are
summarized in Tables 1, 2, 3, and 4.

Applied

Settings, Procedural Fidelity, and Interobserver Agreement
Some studies collected data in more than one setting. The
settings in which experiments were conducted were mostly
schools (48%), various other settings (24%; e.g., university-
based classroom or vocational rehabilitation center), homes
(15%), and clinics (14%). Eighteen experiments (60%)
assessed procedural fidelity. Of those experiments, fidelity
was perfect or nearly perfect (i.e., 90% or greater) for 83%,
acceptable (i.e., 80-89%) for 11%, and poor (i.e., < 80%) for
6%; 39% selected all sessions or selected sessions randomly,
and 6% assessed interobserver agreement for sessions imple-
mented by non-research persons. All applied experiments re-
ported interobserver agreement. Of those experiments, agree-
ment was perfect or nearly perfect for 73% (n=22) and ac-
ceptable for 27% (n=38), and 27% (n=28) of experiments
sampled all sessions or sampled sessions randomly (see
Table 3).

Methodology, Research Questions, and Manualized
Interventions All experiments used single-subject design ex-
perimental methodology, and researchers conducted those ex-
periments using multiple baseline or multiple probe designs
(n=12; 35%), combined designs (n=11; 32%), withdrawal
or reversal designs (n = 8; 24%), multielement designs (n =2;
6%), and changing criterion designs (n=1; 3%). When we
combined applied and translational studies that used single-
subject design experimental methodology, it was found that
researchers used these methods to answer different research
questions (Kennedy 2005), which we classified as demonstra-
tion (n = 24; 70%), sequential analysis (n =7; 21%), paramet-
ric (n=2; 6%), comparative (n=2; 6%), or component
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Table 1
translational experiments which evaluated lag schedules in isolation

Summary of study characteristics for determining the best available evidence in the evidence-based practice of ABA for applied and

Authors/ Evidential Lag  Dependent variables Age range Setting Potential unwanted effects
experiment certainty  values
Esch and Esch 3 1 Phonemes/vocal response Toddler and School Unknown
et al. (2009) variability school age
Heldt and 3 3 Tacts/different responses Preschool and ~ Home Unknown
Schlinger adolescent
(2012)
Silbaugh and 3 1 Sign manding/variant, Preschool School None
Falcomata invariant, novel,
(2019) and different
Silbaugh et al. 3 1,2 Food consumption/variant Preschool Home None
(2017) and different
Silbaugh et al. 3 1 Vocal manding/variant, Preschool Home None
(2018) invariant, novel, different
Koehler-Platten 2 1 Phonemes/variant, novel Toddler, Therapy center Mild escape behavior and
etal. (2013) preschool, perseveration on a single
school age phoneme
Lee and Sturmey 2 1 Intraverbals/variant and School age School Unknown
(2014) appropriate
Baruni et al. 1 1,2 Toy play and engagement/novel School age, School Decreased toy engagement
(2014) adolescent
Lee etal. (2002) 1 1 Intraverbals/variant and School age, School, day Higher-order stereotypy
appropriate adulthood habilitation
program
Lee and Sturmey 1 1 Intraverbals/variant and Adolescent, School Higher-order stereotypy
(2006) appropriate, novel, different adulthood
Lepper et al. 1 1,2 Verbal statements/related or unre- ~ School age, School Contextually inappropriate
(2017) lated to circumscribed interests adolescent response forms
Wiskow and 1 1 Intraverbals/variant, novel, Preschool, University-based None
Donaldson different school age lab classroom
(2016)

For evidential certainty, level 3 is conclusive, level 2 is preponderant, and level 1 is suggestive

analysis (n = 1;3%) (see Table 3). Lag schedules were embed-
ded into a manualized intervention for seven (23%) experi-
ments (e.g., O’Neill and Rehfeldt 2014; Radley et al. 2017a).

Dependent Variables, Data Collection, Stability Criteria, and
Condition Signaling Of those experiments that used single-
subject design methodology, to evaluate the effects of the
intervention, the researchers measured variant responses or
sequences in 21 experiments (62%), novel response or se-
quences in 16 experiments (47%), different (i.e., when “dif-
ferent” referred to an aspect of responding other than variabil-
ity such as the number of different responses per session; e.g.,
Contreras and Betz 2016) responses or sequences in 13 exper-
iments (35%), repetitive responses or sequences in two exper-
iments (6%), and collateral changes in behavior factored into
data collection for 18 experiments (53%). Examples of collat-
eral changes include improvements in toy engagement, activ-
ity engagement, challenging behavior, appropriate play, ste-
reotypy, appropriateness of verbal behavior, circumscribed
interest-related and unrelated verbal behavior, skill accuracy,
disruptive mealtime behavior, and relevance of behavior.

Researchers collected data manually in all experiments.
Eight experiments (27%) used stability criteria to make phase
change decisions. Three studies (10%) programmed stimuli to
signal condition changes.

Invariance Assessments, Reinforcer Identification, and
Academic and Functional Areas Three studies (10%) conduct-
ed invariance assessments prior to the treatment evaluation.
Seventeen studies (57%) conducted assessments to identify
reinforcers prior to the treatment evaluation. Of those studies,
14 (72%) used an empirical stimulus preference assessment,
four (22%) used indirect assessment methods, three (17%)
used functional analysis of challenging behavior, one (6%)
used a reinforcer assessment, and no studies used functional
behavior assessment (see Table 3). Using a classification
scheme for academic and functional skills (Scheuermann
et al. 2019), we classified 24 studies (75%) as targeting func-
tional skills, three studies (9%) as targeting academic skills,
three studies (9%) as targeting vocational skills, and two stud-
ies (6%) as targeting personal care skills. No studies targeted
tool skills or fine arts skills.

@ Springer



Rev J Autism Dev Disord (2021) 8:92-107

98

2ANsa33ns SI | [0A9] pue ‘Jueropuodard ST 7 [0AS] “DAISNOUOD ST ¢ [OAJ] ‘AJUTENAD [EIUIPIAS 10

WOOISSe[d 7 dxg
AKdKy0019)8 19p10-10YSIH PIseq-ANSIDATUN 93e [ooyos JUQIQJJIP ‘[OAOU ‘JUBLIBA/S)OR) ‘S[BQIOARIU] 6Tl 1 “(8107) Te 10 MOYSIA
Kynotyip WOOISSE[d 6 I dxg
Inoqe s)sa301d [BQIOA [BOOA Paseq-ANSIOATU) a3e [ooyos JUSIQJJIP ‘[OAOU ‘JUBLIBA/S[RQIOARIU] ‘Q ‘b ‘T ‘] I “(8107) ‘T 12 MONSIM
umouws[un WOl oFe [ooyos Q0UBAQ[QI JUBLIBA/S[EQIOABIIU] €T 1 (2107) 108uIyog pue esng
a3e
doudpuadop 1dwoig i) [00YdS ‘[OOYdsal] ssouarenidoidde ‘[oAou/sfeqioaenul ‘SPUBI z 1 (BL107) 'Te 10 Aoppey
10yuRd (L100)
QUON Sururern) [eUONEI0A pooyynpy KorImnooe/sfeqioAenu] €TT I IPIRIYSY PUE [[ION.O
19390 (9102)
QUON Sururen) [eUONBIOA poowpnpy K9BINOOE ‘[OAOU/S[EQIOARIIU] 1 I IPIRIYSY PUE [[IONLO
10JUd0
KdKy0019)s 10pI0-IoYSIH Jururen) [eUOIIBOOA pooynpy KoeInooe/sfeqroAenu] 741 I (S102) ‘T8 3@ [IIONL.O
umouyun o) a3k 00y AJisse|o 0} 9[qeun v°C z (9L107) 'Te 12 Kojpey
QUON [00y2S [ooyasaid ssouoyeridordde/AdAy0a103s ‘Aejd 71 z (#107) T8 12 Sue
JUIOSO[OpE
KdKy001318 19pI0-10YSIH [00y2S ‘a3e [ooyog JUAWIOTSUD AJATIOR JUBLIBA/UONII[S AJIATOR AINSI ] 4 z (6107) T 12 AAT
pooypnpe
umouws[un 00y9S/QWOH ‘o5e [ooyos jueLIeA/I0IARYQq SurSuoreyo ‘Surpuejy 1 T (L107) ‘1B 1 1wepy
JUSIOPIP
QUON QwoH Jooyosald  uelIeA/IOIABYQq dweaw dAndnisip ‘uonduwnsuod poo| 71 ¢ (L10?) Te 3 ySneqpig
JUSOSO[OpE
QUON [ooyos ‘a3e [ooyog Jeudoidde ‘[oAou sjeqIaARIUI ‘S)OR) ‘SPURIA 4 € (98102) ‘Te 10 A9[pey
JUSOSO[OpE S
umouwu [ooyos ‘o5e [ooyos oendoidde ‘[oaou ‘uerrea/s1oe) ‘SpuBlN ‘p ‘€ ‘7 ‘1 ¢ (88107) 'Te 10 Ao[pey
12JU0 (¥102)
QUON Sururern) [eUONEI0A poopnpy KorImnooe/sfeqioAenu] I ¢ IPIRIYSY PUE [[ION.O
QUON [ooyoS 93e [ooyoS juerrea/Aerd yoorg I ¢ (0102 Te e oueyjodeN
S
QUON [00YoS 93e [ooyog JUBLIBA/IOIARYDQ SUISUd[[eyd ‘SWIpURN ‘4 ‘€ ‘T ‘1 ¢ (8107) e 10 vlRWOdR
a3e
KdKy00103s 19pI0-10USTH OIUI[O/QWIOH  [00YdS ‘[00Y9SAI JUSIQYJIP ‘[OAOU ‘JUBLIBA/S[EQIOABIIU] €1 ¢ (9107) z0g pue se1onuo)
werdoxd
QUON PIseq-ANSIOAIUN) [ooyosalg JUQIQIIP/SOUIR) PUBIA! €T ¢ (9102) ‘Te 30 peaypoig
sonfea Aurerod
SJ09JJ0 pojeMUN [BNUIOJ Sumoes o3uer a8y sojqeLea yuopuadaq Se [enuopiag Juouadxa/s1oyyny

ur sa[npayds Sef pajen|eAd yorym syusunadxo [euone[suen pue pardde 10] gV Jo 9on0e1d paseq-0duapIAd dYj UT 90UOPIAD S[QB[IBAL }Sq oY) SUTUTULIDIGP I0J SONSLIS)ORIRYD APMys Jo Arewuung

sjuauodwod I9YJ0 YIM UOBUIQUIOD
olqel

pringer

A's



Rev J Autism Dev Disord (2021) 8:92-107

99

Table 3  Summary of additional study characteristics

Authors/experiment Fidelity I0A

Research question Invariance assessment Treatment components Reinforcement type

Adami et al. (2017) N Y (>90%) Demo
Baruni et al. (2014) N Y (>90%) Demo
Brodhead et al. (2016) Y (>90%) Y >90%) Demo
Camilleri and Hanley (2005) N Y (80-89%) Demo
Contreras and Betz (2016) Y >90%) Y (>90%) Demo
Dracolby et al. (2017), Exp.2 Y (>90%) Y (>90%) Comp
Dracolby et al. (2017), Exp.3 Y (>90%) Y (>90%) Demo
Esch and Esch et al. (2009) Y (>90%) Y (>90%) Demo
Falcomata et al. (2018) Y >90%) Y (>90%) Para

Heldt and Schlinger (2012) Y (>90%) Y (>90%) Demo
Ivy et al. (2019) Y (>90%) Y (>90%) Demo
Koehler-Platten et al. (2013) Y >90%) Y (80-89%) Demo
Lang et al. (2014) Y (>90%) Y (80-89%) Sequ

Lee et al. (2002) N Y (>90%) Demo
Lee and Sturmey (2006) N Y >90%) Demo
Lee and Sturmey (2014) N Y >90%) Demo
Lepper et al. (2017) N Y >90%) Demo
Napolitano et al. (2010) Y >90%) Y (80-89%) Demo
O’Neill and Rehfeldt (2014) Y (>90%) Y (>90%) Demo
O’Neill et al. (2015) Y (<80%) Y (>90%) Sequ

O’Neill and Rehfeldt (2016) N
O’Neill and Rehfeldt (2017) N

Y (80-89%) Demo
Y (80-89%) Demo/Para

Radley et al. (2017a) Y >90%) Y (>90%) Sequ
Radley et al. (2017b) Y (>90%) Y (>90%) Sequ
Radley et al. (2018a) Y (>90%) Y (>90%) Sequ
Radley et al. 2018b) Y (>90%) Y (>90%) Sequ
Silbaugh and Falcomata (2019) 'Y (>90%) Y (>90%) Demo
Silbaugh et al. (2017) Y (>90%) Y (>90%) Demo/Comp
Silbaugh and Falcomata (2017) Y (>90%) Y (>90%) Demo
Silbaugh et al. (2018) Y (80-89%) Y (>90%) Demo
Susa and Schlinger (2012) N Y >90%) Demo
Wiskow and Donaldson (2016) Y (>90%) Y (>90%) Demo
Wiskow et al. (2018), Exp. 1 N Y >90%) Para
Wiskow et al. (2018), Exp.2 N Y (>90%) Sequ

N Lag + other Pos, Neg
N Lag Positive
N Lag + other Positive
N Lag Positive
Y Lag + other Positive
N NA Positive
N NA Positive
N Lag Positive
N Lag + other Pos, Neg
N Lag Positive
N Lag + other Positive
N Lag Positive
N Lag + other Positive
Y Lag Positive
N Lag Positive
N Lag Positive
N Lag Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag + other Positive
N Lag Positive
N Lag + other Pos + Neg
N Lag Positive
Y Lag Positive
N Lag + other Positive
Y Lag Positive
N Lag + other Positive
N Lag + other Positive

Comp comparative analysis, Demo demonstration, N no, Neg negative reinforcement, Para parametric analysis, Pos positive reinforcement, Sequ

sequential analysis, Y yes

Treatment Components, Type of Contingency, Lag Value, and
Reinforcement Type For all experiments that evaluated treat-
ments (i.e., applied and translational), most experiments (n =
15; 47%) evaluated lag schedules combined with other treat-
ment components, 13 (41%) evaluated the effects of lag sched-
ules alone, three (9%) evaluated the effects of lag schedules
alone and combined with other treatment components, but no
studies compared the effects of lag schedules in isolation to
alternative treatments (see Table 3). All applied experiments
evaluated the effects of individual lag schedule contingencies,
and no studies evaluated group contingencies with lag

schedules. Twenty-seven (90%) applied experiments evaluated
the effects of lag schedules on responses (e.g., bites of food,
instances of manding, tacts). No applied experiments evaluated
the effects of lag schedules on response sequences. Three
(10%) applied experiments evaluated the effects of lag sched-
ules on aspects of behavior we could not classify as specific
responses or sequences such as activity selections (e.g.,
Camilleri and Hanley 2005; Ivy et al. 2019) and topical con-
versation content (e.g., Lepper et al. 2017). During treatment
evaluations in applied studies, programmed contingencies
targeted topographical response variability in 17 (57%)

@ Springer



100

Rev J Autism Dev Disord (2021) 8:92-107

Table 4 Summary of additional study characteristics

Authors/experiment Prompts Rules and Generalization Maintenance Social validity
instructions assessment assessment assessment
Adami et al. (2017) N N N N N
Baruni et al. (2014) N N N N Y (+/-)
Brodhead et al. (2016) Ve, Ph, Sc Y, Inc Y, Set Y (0-2 months) N
Camilleri and Hanley (2005) N Y, Inc N N N
Contreras and Betz (2016) Pic, TD, Dtf N N N N
Dracolby et al. (2017), Exp.2 N N N N N
Dracolby et al. (2017), Exp.3 N Y, Inc N N N
Esch and Esch et al. (2009) N N N N N
Falcomata et al. (2018) N N N Y (0-2 months) N
Heldt and Schlinger (2012) Ge N N Y (0-2 months) N
Ivy et al. (2019) N N N Y (0-2 months) N
Koehler-Platten et al. (2013) N N N N N
Lang et al. (2014) Ve N Y, Comb Y (0-2 months) Y
Lee et al. (2002) Ve, Ec, Dtf N Y, Comb N N
Lee and Sturmey (2006) N N N N N
Lee and Sturmey (2014) N N Y, Comb N Y
Lepper et al. (2017) Ve N Y, Per N N
Napolitano et al. (2010) Ve, Dtf Y, Inc Y, Mat Y, 0-2 months, N
3-6 months
O’Neill and Rehfeldt (2014) N N Y, Comb N N
O’Neill et al. (2015) N N Y, Comb Y (0-2 months) N
O’Neill and Rehfeldt 2016) N N N Y (0-2 months) Y
O’Neill and Rehfeldt (2017) N N N Y (0-2 months) N
Radley et al. (2017a) Ve N N Y (0-2 months) N
Radley et al. (2017b) N Y, Com N Y (0-2 months) Y
Radley et al. (2018a) N N N Y (0-2 months) N
Radley et al. (2018b) N Y, Inc, Com N Y (0-2 months) N
Silbaugh and Falcomata Ec, TD,LTM N N N N
(2019)
Silbaugh et al. (2017) N, Dtf N N N N
Silbaugh and Falcomata N N N N N
(2017)
Silbaugh et al. (2018) Ec, TD N N N N
Susa and Schlinger (2012) Ec, N N N N
Wiskow and Donaldson N Y, Inc, Com Y, N N
(2016)
Wiskow et al. (2018), Exp. 1 N Y, Inc N N N
Wiskow et al. (2018), Exp.2 Vi Y, Inc N N N

Com complete rule or instruction (i.e., contingency stated), Comb combination of setting, persons, or materials, D#f due to lag schedule failure, Ec echoic
prompt, Ge gesture prompt, /nc incomplete rule or instruction (i.e., contingency not stated), L7M least to most prompting, Mat generalization across
materials, N no, Per generalization across persons, Ph physical prompt, Sc script, Set generalization across settings, 7D time delay prompt fading, Ve
verbal prompt, Vi visual prompt, Y yes, (+/-) positive and negative responses

experiments, selection-based response variability in six (20%)
experiments, and a combination of topographical and selection-
based response variability in nine (30%) experiments.

The range of lag schedule values evaluated in the literature
is displayed in Fig. 3. The most frequently evaluated lag
schedule values were Lag 1 (n=23; 77%), followed by Lag
2, Lag 3, and Lag 4. Lag 9 was the highest lag schedule value

@ Springer

evaluated by an applied experiment. Of the 77 participants in
applied experiments, lag schedules of positive reinforcement
were evaluated in 74 (96%) participants, lag schedules of neg-
ative reinforcement were evaluated in two (3%) experiments,
and for one experiment, we could not determine whether
the lag schedule is consisted of positive or negative
reinforcement.
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Fig. 3 The percentage of applied
and other (i.e., basic and
translational) studies that
evaluated each lag schedule value

Percentage of Experiments
N
=

No Lag

Prompts, Self-Monitoring, Rules and Instructions, and Verbal
Operants Thirteen experiments (43 %) included prompts in lag
schedule conditions, and 17 experiments (57%) did not in-
clude prompts in lag schedule conditions. Of those experi-
ments that included prompts, four (31%) included them as a
remediation strategy after lag schedules failed to produce the
desired increases in variability. Examples of prompts include
vocal prompts, model prompts, gestural prompts, physical
prompts, scripts, pictorial prompts, time delay, and prompts
embedded in error correction procedures. Some prompts were
faded, eliminated, or both, and others were not (see Table 4).
Anecdotally it appears that all prompts were response
prompts. One applied study used self-monitoring (Radley et
al. 2018b). Seven experiments (23%) included rules, instruc-
tions, or both in treatment evaluations, and 23 experiments
(77%) did not (see Table 4). Twenty-one applied experiments
(70%) targeted verbal operants in the treatment evaluation,
and six experiments (20%) targeted nonverbal operants in
the treatment evaluation. Of those experiments that targeted
verbal behavior, seven (33%) targeted manding, four (19%)
targeted tacts, and 14 (67%) targeted intraverbals (and poten-
tially autoclitics).

Generalization, Maintenance, Social Validity, and Unwanted
Effects Nine (27%) experiments (applied and translational)
assessed generalization (i.e., measuring the dependent var-
iable in a nontreatment context such as a novel setting,
novel materials, or with novel people). Of those experi-
ments, none assessed generalization across behaviors.
However, generalization was assessed in two (22%) exper-
iments across settings, in one (11%) experiment across
persons, in one (11%) experiment across materials, and
five (56%) experiments across a combination of settings,
persons, or materials (see Table 4). Also, of those experi-
ments that assessed generalization, full generalization was
obtained in six (67%), some generalization (i.c., at least
some participants) was obtained in two (22%), and no gen-
eralization was observed in one (11%). Generalization was
assessed for fewer than three data points in five (56%)
experiments and more than three data points in five
(56%) experiments. Thirteen (43%) applied experiments
assessed maintenance (i.e., the continuation of treatment
effects following the removal of one or more treatment

40
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components). Of those experiments, maintenance was
assessed at 0—2 months (n=11; 85%) and 3—-6 months
(n=1; 8%). Seven experiments (54%) demonstrated full
maintenance (i.e., maintenance of treatment effects) for
all participants, and six (46%) demonstrated some mainte-
nance (i.e., observed for at least some participants). Three
(23%) experiments assessed maintenance for less than
three data points, and 10 (77%) assessed maintenance for
three or more data points (see Table 4).

Five (17%) applied experiments assessed social validity (see
Table 4). All of those experiments used an indirect assessment
instrument, and no experiments used objective direct measures of
social validity (e.g., giving participants a choice of treatment in a
concurrent operants arrangement). Eighty percent (7 =4) of those
experiments reported only positive social validity scores, and
20% reported some negative scores. Twelve (40%) applied ex-
periments and one (7%) other experiment (i.c., translational) re-
ported unwanted effects such as higher-order stereotypy
(Schwartz 1982) associated with a lag schedule condition (see
Tables 1 and 2 for unwanted effects).

Evidential Certainty When all applied and translational exper-
iments were examined, evidential certainty was rated conclu-
sive for 13 (41%) experiments, preponderant for six (19%)
experiments, and suggestive for 12 (42%) experiments. The
12 experiments that evaluated lag schedules in isolation are
summarized in Table 1. Of these experiments, five (38%) pro-
vided a conclusive level of evidential certainty, and the depen-
dent variables were manding, food consumption, tacts, and
vocalizations.

Other

Settings, Procedural Fidelity, and Interobserver Agreement
Translational studies were conducted in the spare room of a
child development center (Dracolby et al. 2017), a university-
based lab classroom (Wiskow and Donaldson 2016), a lab
(Murray and Healy 2013), and a home setting (Silbaugh
et al. 2017). Due to the use of automated procedures, proce-
dural fidelity was not applicable for 10 (67%) experiments.
Four translational experiments (27%) assessed procedural fi-
delity, which was perfect or nearly perfect for those studies.
Four translational experiments (27%) assessed interobserver
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agreement and reported perfect or nearly perfect agreement,
which was not applicable due to automated procedures for
seven (47%) experiments.

Methodology and Manualized Interventions Four experi-
ments (27%; translational studies) used single-subject experi-
mental methodology, and 11 experiments (73%) used group
design methodology. For 13 (87%) experiments, treatment
manualization was not applicable, and no studies embedded
lag schedules in a manualized treatment even when potentially
applicable (i.e., translational experiments).

Dependent Variables, Data Collection, and Condition
Signaling All basic studies measured sequence variability to
evaluate the effects of lag schedules. Ten (67%) experiments
used automated data collection methods (i.e., for computer-
based tasks), and four translational experiments used manual
data collection methods (i.e., observation and recording). One
experiment (7%; Dracolby et al. 2017, Exp. 3) used condition
signaling, and all other experiments used did not use condition
signaling, or it was not applicable to the study.

Invariance Assessments, Reinforcer ldentification, and
Academic and Functional Areas One translational experiment
(7%) used an invariance assessment, and invariance assess-
ment was not applicable for 13 (87%) experiments. One trans-
lational experiment (7%) used empirical stimulus preference
assessments to identify potential reinforcers. Reinforcer iden-
tification methods were not applicable for 13 experiments.
One (7%) translational experiment targeted personal care
skills (i.e., feeding), and one (7%) targeted academic skills
(i.e., naming members of categories).

Type of Contingency, Lag Value, and Reinforcement Type
Fourteen (93%) experiments programmed individual contin-
gencies of lag schedules, and one (7%) experiment pro-
grammed a group contingency lag schedule. Four (27%) ex-
periments targeted response variability, and 11 (73%) targeted
sequence variability. One (7%) experiment targeted
topography-based variability, and 14 (93%) experiments
targeted selection-based variability, but no experiments
targeted a combination of topography-based and selection-
based variability. Experiments evaluated lag schedule values
ranging from 1 to 25 (see Fig. 3). All experiments evaluated
lag schedules of positive reinforcement.

Prompts, Self-Monitoring, Rules and Instructions, and Verbal
Operants Prompts were either not embedded in lag schedule
conditions or not applicable in all experiments. No experi-
ments used self-monitoring. Three (20%) experiments used
rules or instructions, six (40%) did not, and rules or instruc-
tions were not applicable in the remaining experiments. Verbal
operants were targeted in one (7%) translational experiment,
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and nonverbal operants were targeted in one (7%) translation-
al experiment.

Discussion

We used a multistep search strategy to identify all experimen-
tal studies of lag schedules in humans published in peer-
reviewed journals. Thirty-eight studies met inclusion criteria,
and we summarized study and participant characteristics and
assessed evidential certainty. The results suggest that lag
schedules are emerging as a promising applied behavioral
technology for increasing operant variability in individuals
with ASD but that the research should be considered fairly
limited for any given skill domain (e.g., verbal behavior, play,
feeding, activity selection) given that the methods vary con-
siderably across studies and many of the different applications
of lag schedules await further replication. Additionally, more
lag schedule research in adults with ASD generally, typically
developing adults using single-subject design methodology,
and typically developing children and adults is needed to bet-
ter understand the effects of lag schedules on verbal and non-
verbal behavior in typically and atypically developing individ-
uals. We discuss the results in relation to the purposes of the
current study: (a) determine what is and is not known about
the effects of lag schedules in individuals with ASD and other
populations, (b) determine for whom and when lag schedule-
based interventions are appropriate, (c) propose current prac-
tice guidelines based on the evidential certainty from the stud-
ies, and (d) identify future avenues of research.

What We Know and Do Not Know About Lag Schedules Basic
and applied researchers have proposed a wide range of poten-
tial clinical applications of lag schedules such as the mitiga-
tion of resurgence of challenging behavior following function-
al communication training (e.g., Adami et al. 2017), the treat-
ment of food selectivity (e.g., Silbaugh and Falcomata 2017),
enhancing the adaptive use of play skills (e.g., Baruni et al.
2014), verbal skills (e.g., Lee et al. 2002), generating novel
and creative behavior (Stokes 1999), strengthening problem-
solving skills or accelerating learning (e.g., Stokes et al.
2008b), and in general replacing repetitive and stereotyped
behavior with increased operant variability (e.g., Silbaugh
et al. 2017). Overall, the data suggest that lag schedules in-
crease variability and novel behavior in individuals across age
groups from preschool to adulthood, including typically de-
veloping individuals and those with developmental disorders
or intellectual disability.

Affected Behaviors and Unwanted Effects Increased variant
and novel responding were demonstrated across a variety of
verbal and nonverbal behavior, mostly in individuals with
ASD, such as phonemes, mands (mand frames, nonvocal
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modalities, sign, vocal), tacts, intraverbals, activity selections,
feeding, toy play, and conversational content. Depending on
multiple variables such as the context, the participant charac-
teristics, the programmed lag schedule contingency, and the
domain of operant behavior targeted, when lag schedules are
arranged to increase operant variability, practitioners can ex-
pect collateral improvements in toy engagement, activity en-
gagement, challenging behavior, appropriate play, stereotypy,
appropriateness of verbal behavior, verbal behavior unrelated
to circumscribed interests, skill accuracy, disruptive mealtime
behavior, or the relevance of behavior. However, we caution
that lag schedules may produce unwanted effects such as
higher-order stereotypy (outlined in Tables 1 and 2) under
some conditions, typically with lower lag schedule values
(e.g., Lag 1, Lag 2) which suggests that it may be important
for practitioners to anticipate potential unwanted effects and
plan for rapid data-based adjustments.

Outcome Generality and Maintenance Most experiments did
not assess generalization. Of the experiments that did assess
generalization, most assessed generalization across a combi-
nation of variables such as both persons and settings. Most
demonstrated full generalization (i.e., for all participants), but
only half of those experiments provided three or more data
points to allow for visual analysis and a determination of
whether generalization was transient. Perhaps more impor-
tantly, of the experiments that assessed generalization
(Brodhead et al. 2016; Lang et al. 2014; Lee et al. 2002; Lee
and Sturmey 2014; Lepper et al. 2017; Napolitano et al. 2010;
O’Neill etal. 2014, 2015; Wiskow and Donaldson 2016), only
four (Lee et al. 2002; Lee and Sturmey 2014; Lepper et al.
2017; Wiskow and Donaldson 2016) evaluated the effects of
lag schedules alone (i.e., the remaining five combined lag
schedules with other intervention components), and all
targeted intraverbals or verbal statements directed at a conver-
sational partner in mostly school age children using Lag 1 or
Lag 2 schedules of positive reinforcement. Therefore, the ev-
idence for generality (i.e., across settings, people, stimuli) of
increased variability or novel responding attributable to lag
schedule interventions alone is limited to a handful of exper-
iments that targeted a relatively narrow range of verbal oper-
ant behavior in a narrow range of ages of children with ASD
with low lag schedule values and positive reinforcement. No
experiments evaluated the extent to which increased variabil-
ity generalized to untrained behavior as would be expected if
variability was a pivotal response. Less than half of experi-
ments assessed maintenance, and almost all experiments that
assessed maintenance did not exceed 2 months. Of those ex-
periments, most provided more than three data points in the
maintenance phase but only roughly half demonstrated full
maintenance. The findings converge to indicate that the extent
to which lag schedule interventions can produce generalized
behavior change such as widespread lasting meaningful

replacement of repetitive or stereotyped behavior with adap-
tive variability in individuals with ASD remains a largely
unanswered empirical question.

Basic Research Findings What we know from basic research
about the effects of lag schedules in humans is limited to
sequence variability in college students (e.g., pressing a se-
quence of keys on a keyboard to move across a pyramid in a
computer-based task). In one experiment (Stokes 1999), re-
sponse sequence variability under a continuous schedule of
reinforcement was higher following a history of reinforcement
for varying than a history of reinforcement not selective for
response variability. The author suggested that early chal-
lenges (i.e., contingencies with large variability requirements)
may adjust a “set point” or “level of variability” that is more
resistant to change across time and schedules with increasing-
ly lower variability requirements. That is, organisms may
learn to vary more persistently when the early learning history
of the behavior requires high levels of variability to produce
reinforcement.

Basic studies in the current synthesis may inform our un-
derstanding of the effects of lag schedules on sequence vari-
ability in adults, such as the impact of lag schedule values and
reinforcement history on the adaptive use of reinforced
variability. Based on the results of two experiments, Stokes
and Balsam (2001) proposed that to obtain higher sustained
levels of variability, an organism needs to contact “(1) an
initial period of reinforcement, followed by (2) an early
change in the criterion that results in lower reinforcement
and (3) an increase in variability that helps satisfy the new
criterion” (Stokes and Balsam 2001, p. 181). Further, they
suggested that the opportunity to establish a set point of var-
iability may be localized to a particular optimal stage in an
organism’s training in which if variability is targeted, subse-
quently we can expect relatively more maintenance or persis-
tence than if variability was targeted in less optimal stages of
training. Stokes et al. (2008a) demonstrated that baseline var-
iability levels were higher in fifth grade students than students
in lower grades on a computer maze game, and as sequence
variability increased across lag schedule values, the group
differences disappeared. When sequence variability was rein-
forced, older children made fewer errors than younger chil-
dren, suggesting that older children on average may exhibit
more sequence variability than younger children during
problem-solving and make fewer errors when sequence vari-
ability is reinforced. In 2008, Stokes and Lai conducted five
experiments, and in all, an early optimal period for acquiring a
variability level was identified. In experiments 1, 2, and 3,
they showed that early constraints that require high variability
sustain higher variability levels than early constraints that can
be mastered without high variability. Experiments 3, 4, and 5
showed that high levels of variability facilitate greater transfer
(i.e., stimulus generalization). Early mastery of a specific task
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did not facilitate transfer. Rather, high variability appeared to
facilitate transfer to the novel task because the lag group had
become sensitive to changes in contingency, not because it
had already mastered an earlier version of the task. In summa-
ry, basic experiments have informed our understanding of the
reinforcement of sequence variability in adults. The findings
from these experiments suggest that high lag schedule values
engender more variability and an early history of reinforce-
ment for relatively high levels of variability early in a learner’s
history during a critical timepoint may improve generalized
persistence of sequence variability by helping the learner more
effectively adapt to changes in the environment.

Types of Response Variability Further examination of basic,
translational, and applied experiments suggests a disconnect
between what we know about the effects of lag schedules from
these different research domains. Basic experiments exclu-
sively targeted sequence variability, only a handful of experi-
ments were conducted by a small number of researchers, and
experiments did not use within-subjects designs necessary for
demonstrating functional relations between lag schedules and
participants’ performance. Therefore, confident conclusions
about lag schedule effects on sequence variability in humans
require considerably more research and replication. Moreover,
reinforcement of sequence variability seems to have little rel-
evance in clinical contexts. Applied and translational experi-
ments examined variability or novelty in topography-based
responding (e.g., signs used to mand for a reinforcer),
selection-based responding (e.g., activity selection or nonvo-
cal functional communication modalities), or a combination
(e.g., selecting and saying responses to interview questions).
However, most of these experiments too have yet to be repli-
cated, and whether lag schedule effects on selection-based
sequence variability are similar to their effects on
topography-based or selection-based variability in individual
responses in humans is another empirical question requiring
further research.

Where, when, and for whom are lag schedule interventions
appropriate? The majority of participants in applied studies
were children with diagnoses of ASD suggesting that lag
schedule interventions may be useful for producing clinically
indicated increased operant variability in this population.
Generally, when deciding whether a given behavioral inter-
vention is appropriate for a client, practitioners conduct a pre-
scriptive pretreatment assessment, which includes considering
the function(s) of existing problem behavior and what is ex-
pected of the typical learner. For example, in the early stages
of developing an intervention for food selectivity, a practition-
er would be expected to develop feeding goals and select
relevant interventions based on the consideration of typical
feeding skill and related social skill development. The results
of formal indirect (e.g., feeding problem questionnaires) and
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direct (i.e., observation) assessments would be analyzed to
rule out medical factors and determine the following: (a) if
behavioral intervention is appropriate; (b) the function of in-
appropriate mealtime behavior (e.g., using functional behav-
ior assessment); and (c) appropriate feeding skills, mealtime
behavior, or foods to target during intervention (e.g., Piazza
et al. 2015).

Similarly, a prescriptive pretreatment assessment for lag
schedule-based interventions for problems with “invariance”
(Rodriguez and Thompson 2015) might include (a) adminis-
tering a standardized repetitive behavior questionnaire (e.g.,
Bodfish et al. 2000) or comparing the level of adaptive vari-
ability exhibited by age-matched, independent, typically de-
veloping peers, in the same or similar contexts, to the level(s)
exhibited by one’s client; (b) determining the consequence(s)
controlling invariant responding; and (c) determining whether
repetitive responding is due to a limited repertoire. None of the
studies in the current synthesis took this approach to intervene
on an invariance behavioral problem. When we examined
how applied and translational experiments assessed invariance
problems prior to intervention, we identified only three
(Contreras and Betz 2016; Lee et al. 2002; Silbaugh et al.
2018) applied and one (Wiskow and Donaldson 2016) trans-
lational experiment which reported using what we could con-
sider a pretreatment “invariance assessment.”

Pretreatment Invariance Assessments Contreras and Betz
(2016) assessed participants’ responses to feature/function/
class questions such as “What can you find in the kitchen?”
by repeating the question and prompting the participant to
answer differently by saying “what else” or “tell me more.”
The assessment was completed when the participant stopped
emitting new responses after three to five prompts for more
responses. This assessment was used not to determine if re-
petitive responding was problematic for the participants, but
rather to aid in the interpretation of the effects of the lag
schedule after intervention. Similarly, Wiskow and
Donaldson (2016) conducted listener identification, tact, and
category pretests to rule out the possibility that repetitive
responding was due to a deficient verbal repertoire. Lee
et al. (2002) interviewed staff familiar with the participants
to identify questions to which the participants always gave
the same answer. Silbaugh et al. (2018) described a novel
“mand topography invariance assessment” in which the ex-
perimenter provided the participant with multiple toys and
snacks and repeatedly took turns with the participant until a
toy or snack was shown to engage the participant when they
had continuous access and temporary removal or withholding
of the toy or snack evoked repetitive mand topographies.

In summary, no studies included the current synthesis com-
pared clients’ levels of variability to levels observed in similar
peers in similar contexts or assessed difficulties exhibiting
appropriate behavior to maximize reinforcement in the natural
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environment, as a basis for determining if there was an invari-
ance problem. That is, the literature does not offer practi-
tioners a prescriptive systematic approach to determining
when a client exhibits an invariance problem (Rodriguez and
Thompson 2015) or how to determine when the problem has
been solved (i.e., the client now exhibits the appropriate level
of adaptive variability). Other important questions not ad-
dressed by the current literature are the extent to which natu-
rally occurring schedules of reinforcement selective for vari-
ability exist, how they might be detected through systematic
assessment, and how such schedules influence skill develop-
ment over time. The literature in the current review exclusive-
ly focused on interventions to increase variability. However, it
may be important for researchers to develop training programs
that teach individuals not only to increase variability but also
to vary levels of variability across changes in contingencies
which include increasing variability, decreasing variability, or
maintaining current levels of variability as needed to maxi-
mize reinforcement (i.e., adaptive variability; e.g., Sidman
1960).

Social Validity The positive results of social validity assess-
ments in five experiments suggest that lag schedules and their
effects may sometimes be considered socially valid by stake-
holders; however, the evidence is limited, and it is unclear
whether lag schedule interventions are socially valid from
the perspective of the intervention recipient. Some basic non-
human research has shown that preference for conditions se-
lective for variability depends on the level of variability re-
quired to produce reinforcement (Abreu-Rodrigues et al.
2005). Future research examining objective measures of social
validity such as allowing clients opportunities to maximize
reinforcement and choose their intervention (i.c., assess
choice of schedules selective for repetition or variability in
concurrent chained schedule arrangements; Hanley 2010)
may help inform our understanding of when lag schedules
are adaptive and appropriate.

Proposed Practice Guidelines for Using Lag Schedules in the
Evidence-Based Practice of ABA Wolf et al. (2014) synthesized
research on behavioral interventions that promote variability
in individuals with ASD, which included lag schedule studies.
Based on their results, they proposed a general preliminary
approach to targeting variability in practice. Specifically, they
suggested, “(a) evaluating the number and form of different
responses needed to produce a desirable amount of variability
given the behavior and context, (b) assessing the responses
currently in the individual’s repertoire, (c) teaching new re-
sponses if needed, (d) implementing a differential reinforce-
ment procedure, and (e) incorporating prompts, if needed, to
help the learner contact reinforcement for varying” (Wolf et al.
2014, p. 9). The results of the current synthesis suggest that
these guidelines still hold up in light of recent advancements

in the literature, but we would add that practitioners should
also consider observing typically developing children in sim-
ilar contexts to verify if there is a problem with invariance.

Updated Practice Guidelines With the tentative nature of our
findings, we also recommend a conservative approach to de-
ciding whether a lag schedule intervention is warranted, fea-
sible, and appropriate. If the decision is to proceed with a lag
schedule intervention, it should be implemented within the
evidence-based practice of ABA (Slocum et al. 2014) by also
considering client characteristics, characteristics of the invari-
ance problem and associated context, and the evidential cer-
tainty and relevance of existing lag schedule interventions.
Towards this aim, practitioners can refer to Tables 1 and 2.

Using the Tables in Practice Table 1 summarizes applied and
translational experiments that evaluated the effects of lag
schedules alone. Implementing lag schedules with high inde-
pendent and dependent variable integrity can be difficult, es-
pecially when increasing the value of the lag schedule because
it can be very difficult to determine in real time whether a
response is eligible for reinforcement and deliver the reinforc-
er immediately contingent on the target response while simul-
taneously collecting accurate and reliable data (i.e., multiple
therapists may need to be present). Therefore, we recommend
that practitioners keep things simple at first by using a lag
schedule without other treatment components. However,
prompting and prompt fading should be applied when new
responses must be added to the learner’s restricted repertoire
for selection by the lag schedule. For example, first the prac-
titioner should verify that the client exhibits an invariance
problem (e.g., repetitive tacts in the presence of multiple eli-
gible nonverbal discriminative stimuli), which warrants inter-
vention and is not otherwise due to another skill deficit (e.g.,
deficient tact repertoire), and confirms the availability of ade-
quate resources (e.g., video recording equipment and/or mul-
tiple therapists). Next, the practitioner should inspect Table 1
for studies with conclusive evidential certainty (e.g., Heldt and
Schlinger 2012), with a similar dependent variable (e.g.,
tacting), in children of a similar age group (e.g., preschool),
identify the initial lag schedule value (e.g., Lag 3), and note
any potential unwanted side effects reported by researchers.
To the extent that client characteristics differ from the study
(e.g., adolescent), practitioners should modify the intervention
as needed (with as little as possible deviation from the vali-
dated procedure) to suit the client and intensify progress mon-
itoring. If sufficient improvements in the invariance problem
are not obtained, after verifying high independent and depen-
dent variable integrity, the practitioner should make adjust-
ments to the intervention based on similar studies beginning
again with those with high evidential certainty. If the practi-
tioner still struggles to obtain sufficient improvements in the
invariance problem, they should consider adding additional
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treatment components sequentially by referring to studies in
Table 2, moving from conclusive (e.g., Radley et al. 2018b) to
suggestive (e.g., Wiskow et al. 2018, Exp. 2) evidential cer-
tainty studies targeting similar dependent variables in similar
participants, again being careful to consider potential unwant-
ed side effects (e.g., Wiskow et al. 2018, Exp. 2).
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