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A B S T R A C T

Acceptance and Commitment Training has been employed to increase behavioral flexibility in only a handful of
studies with children with autism. In the current study, we conducted a direct contingency functional analysis of
the inflexible behavior of three children with autism and developed a function-based treatment. Upon finding
that this intervention was either inefficient or ineffective, we conducted a secondary functional assessment of
indirect (verbal) contingencies and employed a 4-h Acceptance and Commitment Training to decrease inflexible
behaviors and increase manding for rule changes. All three children responded to the treatment, results main-
tained at follow up, and showed generality in the presence of siblings. Guidelines for the use of Acceptance and
Commitment Training when treating behaviors slated for reduction are discussed.

Behavioral invariance is among the defining characteristics of
autism spectrum disorders (ASD; American Psychiatric Association,
2013). For example, Frith (1972) demonstrated restricted use of colored
stamps and musical tones available in two tasks in children with autism
compared to typically developing children. Similarly, Boucher (1977)
taught children with and without autism to move cars in and out of
garages; however, only half of the children with autism varied their
movements or sampled available novel stimuli even when receiving
reinforcement for doing so. Unfortunately, the tendency toward in-
variant responding may limit opportunities for reinforcement (Mullins
& Rincover, 1985), lead to deficits in problem solving (Parsonson &
Baer, 1978; Skinner, 1953), or difficulties in social interaction (Sidman,
1960).

The Diagnostic and Statistical Manual of Mental Disorders (5th ed.;
DSM-5; American Psychiatric Association, 2013) defines ASD in terms
of a) persistent deficits in social communication/interaction and b)
restricted, repetitive patterns of behavior. The latter of these categories
can involve physical and vocal stereotypy (e.g., Ahearn, Clark,
MacDonald, & Chung, 2013; Tiger, Wierzba, Fisher, & Benitez, 2017),
perseverative interests (Sullivan, Martens, Morley, & Long, 2017), and
inflexible play (Shireman, Lerman, & Hillman, 2016). Routines and ri-
tuals as well as unbending insistence upon others doing things in an
idiosyncratic way has unwanted effects that can be associated with
significantly diminished life outcomes. For example, Mullins and
Rincover (1985) showed that children with restricted and repetitive
behaviors did not sample, and therefore did not contact richer re-
inforcement schedules. Similarly, Bernard-Opitz, Sriram, and Nakhoda-

Sapuan (2001) showed that children with autism failed to respond to
verbal and nonverbal social cues and developed more limited problem-
solving skills than typically developing counterparts after both viewed
animated models in computer simulations. Importantly, Bernard-Opitz
and colleagues showed that component skill deficits are a leading factor
in assessing and treating many restricted and repetitive behaviors.
However, a critical distinction is the difference between behavioral
invariability due to skill deficits in contrast to reinforcement for be-
having inflexibly (i.e., “cannot do” versus “will not do”). The topic to
which this paper is addressed is the repetitive insistence upon rules as
opposed to skill deficits.

1. Contingency management and functional analysis of inflexible
behavior

Some studies have shown promising results at increasing appro-
priate play skills using contingency management. Brodhead, Higbee,
Pollard, Akers, and Gerencser (2014) used linked activity schedules to
promote variable responding during a hide-and-seek game in toddlers
with autism. No effort was made to fade the activity schedules; thus, it
was unclear whether the environment would have come to control
novel patterns of behavior in similar game situations that require var-
iation in response topography over time. MacDonald, Sacramone,
Mansfield, Wiltz, and Ahearn (2009) successfully taught children with
autism to learn scripted verbalizations using video modeling. In a
follow-up study, Lydon, Healy, and Leader (2011) compared pivotal
response training and video modeling for teaching children with autism
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to use novel statements and actions in scripted play situations and
found greater increases using the pivotal response training procedure.
Nevertheless, the authors noted that this procedure is quite time con-
suming and may not be easy for all caregivers to implement. These
studies suggest that video modeling may be easier for caregivers to use,
and its effects have been evaluated outside of play situations (Charlop-
Christy & Daneshvar, 2003; Charlop-Christy, Le, & Freeman, 2000), but
at present, its effectiveness at inducing flexible play skills has not been
established.

It is noteworthy that in the current literature aimed at teaching
flexible play skills to children with autism no assessment efforts have
been made to uncover the function of repetitive insistence upon rules as
opposed to skill deficits. This is not surprising, since most published
functional analysis studies are aimed at more serious challenging be-
havior. Nevertheless, current efforts are being made to extend the
methodology to other atypical behavior problems (Beavers, Iwata, &
Lerman, 2013; Hanley, Iwata, & McCord, 2003). For example, Larson,
Normand, Morley, and Miller (2013) evaluated conditions under which
two children engaged in physical play during school recess and found
they were most active when attention was contingent upon physical
exertion.

Despite this, at least one third of all published analogue functional
analyses (FA; Iwata, Dorsey, Slifer, Bauman, & Richman, 1994) report
challenging behaviors to be maintained by social-negative reinforce-
ment (Beavers et al., 2013). Thus, it seems likely that a portion of the
rigid insistence upon sameness seen in social play among children with
autism is maintained by avoidance or escape from the demands of social
interaction. In other words, some negatively reinforced restrictive, re-
petitive behavior could potentially involve social rules such as, “When
the rules stay the same, I get out of looking bad in front of others” or “If
the rules stay the same, others will stop making me play with them.”

To date, few studies have investigated the assessment and treatment
of social avoidance. Harper, Iwata, and Camp (2013) found social
avoidance functions to be at strength in modified FAs for four children
with intellectual or developmental disabilities and evaluated four
treatments commonly found in the literature. Only one of these treat-
ments, differential reinforcement of alternative behavior plus extinction
(DRA+EXT), served to reduce aggressive behavior (pushing, kicking,
hair-pulling, hitting, scratching) and increase social interaction.
DRA+EXT involves presenting reinforcement contingent upon a re-
sponse that is functionally equivalent to an unwanted behavior. That is,
if an unwanted behavior such as aggression has in the past obtained
escape from an aversive activity, a socially acceptable response such as,
“I don’t want to play right now” would be reinforced by withdrawal of
the social demand. Other responses would not be reinforced in this
manner, and an occurrence of aggression in the presence of a social
demand would be placed on extinction. That is, the demand would be
represented until either the individual engages in the social behavior or
asks to withdraw in an acceptable way. Harper and colleagues found
that appropriate play responses generalized to baseline probes that
were conducted following every third training session throughout
treatment. However, no effort was made to evaluate maintenance after
the DRA+EXT conditions were withdrawn entirely. Additionally, it is
unclear the extent to which in-session prompting contributed to the
overall treatment effect. Moreover, the most commonly reported re-
sponse class related to social avoidance is not severe aggression, but the
type of inflexibility around play routines described above (Geurts,
Corbett, & Solomon, 2009). In this case, it is possible that DRA+EXT
would work to increase flexible play when contacting overt reinforce-
ment, but it remains unknown whether this type of play would contact
enough natural reinforcement to maintain in the absence of direct re-
inforcement contingencies.

In cases where DRA+EXT is unsuccessful or does not maintain, it is
worth examining whether indirect contingencies (i.e., rules) have been
superimposed by the learner on top of the direct contingencies, thus
producing more intransigent nonoptimal behavior. Skinner (1969)

referred to such indirect-acting rules as contingency-specifying stimuli
that control behavior without prior exposure to the direct contingency.
For example, a child who says, “If I play, they’ll laugh at me,” may
avoid a social interaction even without prior exposure to ridicule from
others. In such cases, the rule supports behavior that is reinforced by
both physical avoidance of social interaction and avoidance of the
verbally-constructed potential ridicule of others.

Relational frame theory researchers have identified several classes
of rule-following behavior that may in some cases be helpful or, in other
cases, over-extended to produce nonoptimal reinforcement. One class of
rule-following behavior has been termed tracking (Hayes, 1989).
Tracking is rule-following due to a history of direct reinforcement for
following the rules. For example, a child who generates and follows the
rule “When I yell at them, they let me play the way I want to” might
stop following the rule if others placed his yelling on extinction.
However, if extinction does not follow yelling, the child will observe (or
track) this outcome and continue following the rule. Such over-ex-
tended tracking is potentially harmful, in that it results in diminished
opportunities for learning social skills and social play strategies. To
date, over-extended rule-following of this sort has received very little
empirical attention in the applied behavior analysis literature. One
notable exception is a small handful of studies in which Acceptance and
Commitment Therapy (ACT; Hayes, Strosahl, & Wilson, 1999) has been
employed.

2. Acceptance and commitment strategies

ACT can be thought of as a class of interventions that is rooted in
behavior analysis and, despite having been investigated predominantly
by those practicing psychotherapy, it is easily adapted to the scope of
practice of applied behavior analysts. ACT aims to undermine the
control that non-optimal rules have over behavior and thus bring be-
havior back under the control of more favorable contingencies of re-
inforcement. The target is always socially significant behavior, and al-
though many studies report changes in important overt behavior, the
evidence is not always at the level of precision that is required for
publication in flagship ABA journals. Despite this, a large number of
ACT studies do include objective measures of behavior. Issues such as
rehospitalization (Bach and Hayes (2002), sick day usage (Dahl,
Wilson, & Nilsson, 2004), smoking cessation (Gifford, Kohlenberg,
Hayes, Antonuccio, & Piasecki, 2004), opiate use (Hayes et al., 2004),
are just a few of the areas in which ACT researchers have measured
overt behavior quantitatively. As an example relevant to the current
paper, Brown, Whittingham, Boyd, McKinlay, and Sofronoff (2014)
reduced child behavior problems following acquired brain injury with
contingency management plus ACT. The researchers trained parents in
both behavior management strategies and psychological flexibility
pertaining to private events such as thoughts, emotions, and memories.
As parents learned new skills, the number and intensity of child beha-
vior problems decreased, and most improvements were maintained at
six months.

2.1. ACT and children

A recent systematic review of the literature (Swain, Hancock,
Hainsworth, & Bowman, 2013) found 21 studies in which ACT was
employed with children displaying a variety of presenting problems
such as impulsivity (Luciano, Herruzo, & Barnes-Holmes, 2001), sex-
ualized behavior (Metzler, Biglan, Noell, Ary, & Ochs, 2000), and tri-
chotillomania (Fine, Walther, Joseph, Robinson, & Ricketts, 2012). Of
these, only Fine and colleagues used a time series design and reported
on individual participant behavior. Halliburton and Cooper (2015) re-
ported on the ACT literature pertaining to adolescents and found 10
studies that focused on all six of the established ACT repertoires. Of
these, three included behavioral measures (Myles, 2002; Sabaini, 2013;
Wicksell, Dahl, Magnusson, & Olsson, 2005). Additionally, of the 10
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studies included in the review, three used single case design strategies
(Armstrong, 2011; Myles, 2002; Woidneck 2012), though of these, only
one, Myles (2002) measured the overt behavior of children. In addition
to these studies, other research teams have made use of ACT compo-
nents in treating behavior problems in adolescents. Gantlett-Gilbert,
Connell, Clinch, and McCracken (2013) increased school attendance of
children with anxiety after a brief acceptance-based ACT intervention.
Theodore-Oklata, Orsillo, Lee, and Vernig (2014) used a similar ac-
ceptance-based ACT procedure to treat relational aggression in teens.

2.2. ACT and repetitive and restrictive behaviors

To date, only two ACT studies of which we are aware have ad-
dressed invariable responding in children with autism. Of note, both of
these studies employed single case design strategies and measured so-
cially relevant, observable, measurable behavior.

Kennedy, Whiting, and Dixon (2014) evaluated an ACT-based in-
tervention that included defusion and present moment awareness ex-
ercises to treat restricted food selection in a multiple baseline across
participants design with six young children (3–5 years of age) at a local
day care center. The authors found that ACT exercises produced little or
no effect until direct contingencies of reinforcement (stickers and social
praise) were added to the intervention. Unfortunately, the authors did
not evaluate the use of a reinforcement contingency independent of
ACT, so the relative contributions of reinforcement and ACT could not
be parsed, and it is unclear whether the children would have responded
to reinforcement alone. This is an important point because, although
this study showed strong results, ACT interventions are time-con-
suming, resource-intensive, and require a relatively high degree of in-
terventionist skill to perform with fidelity. Additionally, the authors did
not evaluate maintenance, thus the durability of these results is un-
known.

Eilers and Hayes (2015) used a multiple baseline across participants
design to evaluate the effects of a defusion exercise (“Say this in a silly
voice with me”) plus exposure for problem behavior that occurred
when repetitive behavior was placed on extinction. Participants were 3,
4, and 7 years of age. The repetitive behaviors were insistence upon a
toy being played with in a particular way, demanding to play first in a
game, and demanding to be the only person to draw on a chalkboard or
to stack blocks. After the treatment resulted in substantial deceleration
of the problem behaviors, three follow-up sessions were conducted at
three months in which the same defusion procedure was enacted and
the same low rates of problem behavior were observed. In a second
experiment, the authors used an alternating treatment design to com-
pare a defusion plus exposure exercise to a silly verbal statement fol-
lowed by exposure. Participants and repetitive behaviors were similar
to those in the first experiment, and the authors evaluated percentage of
intervals with appropriate play in addition to those with problem be-
havior. Although these results are encouraging and the methodology
convincing to a behavior analytic audience, neither experiment em-
ployed functional assessment procedures to evaluate the putative re-
inforcers that maintained the problem behaviors, nor did either ex-
periment make an effort to use contingency management procedures
before using ACT. An additional matter is that the second experiment
did not evaluate maintenance, and the first only evaluated maintenance
in the presence of treatment presented as it was during the initial in-
tervention. That is, no effort was made to evaluate the durability of the
intervention in either of these studies. This is not a serious problem,
since the children were rather young and in general, defusion effects do
not last long (Blackledge, 2007). Nevertheless, there is currently no
research on the efficacy of ACT training procedures at producing lasting
behavior changes in young children with autism with rigid and chal-
lenging behavior during play activities.

Taken together, these studies show great promise. ACT interven-
tions for children can be playful and nonaversive. However, there is a
need for behavior analysts to rule out the possibility of a more

parsimonious, direct contingency account of restricted, repetitive be-
havior in young children with autism. Such a process would involve
functional assessment of the challenging behavior and an initial attempt
to use contingency management procedures. Additionally, behavior
analysts should evaluate generalization and maintenance. When beha-
vioral strategies are at their finest, the goals are socially important, the
methods effective and efficient, the outcomes are durable over time,
and extend to novel environments or behaviors.

As a whole, the extant literature on invariant behavior in children
with autism shows a need for procedures that work when direct con-
tingency manipulation is either ineffective or inefficient. The ACT lit-
erature shows promise in this regard; thus, in the current study we
asked, to what extent will inflexible behavior decrease, and manding-
for-rule-changes increase, after a 4-h ACT training in a non-classroom
setting with a function-based treatment.

3. Method

3.1. Participants, setting, and independent variable

Three boys with autism, 8–10 years of age, receiving in-home ABA
services participated in this study. All three boys (Paul, 9-years-old,
Raul, 10-years-old, and Chin, 8-years-old) were selected for treatment
based on their history of tantrums related to deviations from previous
rules they had learned with playing games and other activities. All three
could generalize listener discriminations (e.g., when prompted, could
point to games involving reading, drawing, or physical activity); imitate
two step actions (e.g., bounce ball → throw ball), perform motor tasks
such as waving, dancing, and jumping when verbally prompted, and
answer questions in 3- to 5-word sentences. Consent from parents and
assent from each child was obtained prior to their participation in the
study. Sessions were conducted during in-home sessions in living room
or study areas of each participant's home. Each participant received a 4-
hr training in acceptance and commitment (referred to hereafter as
ACTraining to distinguish it from ACT, delivered as a form of psy-
chotherapy), delivered by the first author, a peer-reviewed ACT trainer.
Five subsequent training sessions were conducted in half-hour segments
by the second, third, or fourth author. Subsequent trainings involved
additional ACTraining exercises and discrimination training for times
when manding for rule changes is and is not acceptable (full description
below in the Procedure section).

3.2. Materials

Prior to ACTraining sessions, each participant was introduced to a
commercially available game. Spot It!™, involves conditional dis-
criminations in a matching to sample preparation that is easily ma-
nipulable to range from simple identity matches (e.g., image of red car
←→ image of red car) to complex non-identity matches (e.g., image of
red car ←→ written phrase, Where is the red car?). This game was used
to prepare game play conditions under which tantrums had been
evoked in the past when characteristic rules were altered by other
children or tutors.

During ACTraining sessions, numerous items were used to physi-
calize ACT metaphors. These items included several balls of varying size
and shape, colored pens, sticky notepads, bandanas, a bowl of ice cubes,
a wooden ruler, tape measure, a 10 ft long 11mm rope, and a children's
book, The Book with No Pictures (Novak, 2014). Additionally, exercises
were adapted from ACT for Children with Autism and Emotional Chal-
lenges (Dixon, 2014).

3.3. Design, response measurement, data collection

A non-concurrent multiple probe design across participants was
used to evaluate the effect of ACTraining on treatment resistant tan-
trums in the presence of rule changes. The primary dependent variables
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were rate per hour of inflexible behaviors and mands for rule changes.
Inflexible behavior was defined as behaving in such a way that care-
givers are forced to withdraw efforts to alter rules when doing so would
improve learning outcomes. Examples included vocally protesting or
yelling ‘no,’ ‘I don’t want to’ or similar oppositional statements sepa-
rated by 30 s or more of nonoccurrence. Inflexible behavior also in-
cluded noncompliance and aggression. Noncompliance was exhibited as
not performing as directed during a game within 10 s, delaying re-
sponses, or trying to alter the demand. Aggression was exhibited as
throwing an object at a person or throwing an object with force.
Inflexible behavior did not include asking to take a break or otherwise
requesting modifications.

Initially, children were taught to mand (i.e., request; Skinner, 1957)
for a return to earlier game rules by saying something like, “Let's keep
things the way they are.” Manding for sameness in the rules constituted
a replacement behavior; that is, it was a functionally equivalent alter-
native to tantrums, that in the past had resulted in adults giving in and
returning to game rules that were more familiar. A discrimination
training procedure (described below) was used to teach children when
to ask and when not to ask for game rules with which they had famil-
iarity. Later, an alternative, manding for rule changes, was taught
during the intervention. This was not a functionally equivalent re-
placement behavior, per se. Nevertheless, asking for rules to remain
unchanged had been limited in its utility and circumstances regularly
arise in which larger reinforcers, learning opportunities, and social in-
teractions are available only as a result of permitting others to change
the rules. For example, a child who says, “Your turn to change the rules;
I get to change the rules on the next round!” is likely to become a re-
inforcer for playmates and to thereby access remote social reinforcers in
addition to the immediate contingency of making a forthcoming rule
change. In addition, in real life social interactions, it is often not rea-
listic for one child to always have their mands for sameness reinforced,
as successful social interaction requires give-and-take, wherein peers
will not always reinforce a child's mands. Hence, during the interven-
tion, we taught participants to mand for inventive new adaptations, of
their own or designed by others, to the games they were playing.

Data were recorded on paper coding sheets by behavior analysis
graduate students trained to execute the data collection procedures and
who observed from a distance of no more than 3m from the partici-
pants. Training consisted of practice and feedback from the first author
until scoring reached a 90% accuracy threshold and data were collected
with paper and pencil or on a handheld smartphone.

3.4. Interobserver agreement, treatment integrity, and social validity

A second observer scored 33% of all sessions in all conditions from
videotape. Agreement was defined as the number of intervals of 100%
agreement divided by the total number of intervals and multiplying by
100. Interobserver agreement was 95.6% (range, 93.3—99.8%).
Treatment integrity was evaluated by an observer monitoring the de-
livery of the intervention and scoring it for fidelity of implementation
on a scoring matrix designed to identify and capture procedures used to
teach participants to engage in the six skills common to ACTraining.
Treatment integrity of the ACTraining intervention was scored at 100%.
Social validity was addressed during this treatment evaluation through
parent surveys using a Likert scale with five options that ranged from
“thoroughly agree” to “thoroughly disagree.” There were three social
validity surveys in all. One was distributed before the intervention and
asked questions regarding the importance of the goals; a second was
circulated during the intervention and asked about the acceptability of
the methods; and a third was given to parents after the treatment was
completed and asked them to rate the success of the outcomes. Social
validity was 95%, 94.2%, and 100% for the goals, methods, and out-
comes, respectively. Each child was also asked a) at the beginning if
they wanted to learn to play new games, b) midway through the ACT
intervention if they wanted to continue c) at the end of the ACT

intervention if they had fun, and d) eight weeks after the intervention if
they liked learning new games. All three children endorsed partici-
pating at each of the check points. At baseline, Paul said he did not like
playing with his sister. Chin looked away when asked the question. At
follow-up, Paul and Chin both said they liked playing with their sib-
lings.

3.5. Procedure

3.5.1. Preliminary functional analysis
Prior to beginning baseline data collection, FAs (Iwata et al., 1994)

were conducted. In each case, a functional relationship was identified
between escape from a new game-rule and inflexible behavior. Thus, in
all cases, the function of this response class was determined to be ne-
gative reinforcement from aversive task demands, and a replacement
behavior, manding to maintain the old rules (manding for sameness),
was taught.

3.5.2. Alternative response and discrimination training
Subsequent to the functional analysis, a prosocial response that was

functionally equivalent to tantrums but socially acceptable was taught.
This response, manding to maintain the old rules, was not initially in
the repertoires of any of the three participants. After mand training, the
experimenter taught each participant to respond differentially to green
and red cards that served as cues for times at which reinforcement was
available (green) or not (red) for manding to return to previous game
rules. Thus, during discrimination training, green and red cards were
established as SD and SΔ, respectively.

3.5.3. Pre-test
A pre-test was first conducted to verify that the green and red cards

did not serve any current function with respect to manding for same-
ness of the game rules. During the pre-test, SD and SΔ trial blocks were
conducted in quasi-random order. Rules to a previously mastered game
were changed, and one or the other card was placed on the table next to
the game materials. Participants sat at a 3m2 card table directly op-
posite to the experimenter and were given no instruction other than to
play the game. Games were presented and when anything other than a
response appropriate to the game was emitted, participants were re-
directed back to the game and its current rules.

3.5.4. Steps 1 and 2
On a subsequent day, Step 1 of discrimination training was initiated.

The purpose of this step was to establish the green card as an SD in the
presence of which manding for sameness would be honored. To this
end, a laminated green 3 in. by 3 in. card was placed on the table and
participants were told that when this card was visible, it was okay to
ask for the same rules that were previously in effect. Each block of 10
trials consisted of a game that had previously been mastered by parti-
cipants but now played with new rules. The new game did not require
mastery of new skills; it was simply a change in the rules of play. For
example, if previously the youngest player went first, now the oldest
played first. A verbal prompt was offered within 2 s if a child issued a
tantrum. Games were changed after each block of 10 trials.

After participants learned to mand for sameness, Step 2 began.
During this phase, the red card was presented in quasi-random order
similar to the pre-test condition. As during Step 1, when the SD was
presented, participants could mand for previous game rules, but when
the SΔ card was on the table, participant mands for the same rules as
before were placed on extinction. That is, when the red card was on the
table, a child manding for sameness was redirected to the current rules
of play. Whereas the purpose of Step 1 was to teach manding for sa-
meness, the purpose of Step 2 was to teach the discrimination between
times at which manding for sameness would be honored and times
when returning to previous rules was unavailable. When the SΔ was
presented, participants were told, “I’d like you to play by my rules now
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because we are going to practice something exciting that will help you
in school.” When the SD was presented, participants were instructed,
“When the green card is on the table, you are free to ask for the old
rules. I want you to have fun when we play!”

3.5.5. Generalization training
Training for generalization began two weeks after Step 2 and in-

volved the same red/green discriminations as before but applied more
randomly to games played at a variety of times and locations
throughout the house. The purpose of this phase was to help partici-
pants transfer newly acquired skills to more naturalistic situations. To
facilitate generalization, discriminated responding was encouraged in a
range of play situations in which experimenters were responsive to
successive approximations of the desired response class within the
child's own verbal behavior (Stokes & Baer, 1977). We expected that if
training for mand use, temporal discrimination, and locational gen-
eralization were sufficient, more complex situations and games should
occasion successful discriminated responding.

3.5.6. Secondary functional assessment
Even with robust training for generalization and maintenance, when

situations are challenging, some children return over time to insistence
upon sameness and routines (Boyd, McDonough, & Bodfish, 2012). To
account for resurgence of non-reinforceable behavior in such circum-
stances, we adopted a novel hypothesis that insensitivity to the direct
contingencies was the result of excessive tracking (e.g., “It's not sup-
posed to be this hard”).

For this reason, a secondary assessment of indirect-acting con-
tingencies was conducted when participants failed to respond to the
discrimination they had been taught previously. This assessment pro-
cedure involved a) coding the frequency of certain classes of verbal
responses described in the next section, and b) hypothesizing a verbal
consequence supplied by the speaker acting as his own listener in the
presence of difficult rule changes. For example, after saying to oneself,
“It's not supposed to be this hard,” a speaker acting as his own listener
may supply his own self-reinforcement (Skinner, 1957), which is also
an SD for the subsequent tantrum. If such tantrums were periodically
reinforced in the past, it is likely that the speaker will continue to
periodically emit these verbal responses followed by an overt tantrum.
In this case, we suspect that the verbal response functions as a rule that
when repeated, signals the availability of reinforcement for overt tan-
trums. The direct-acting consequence uncovered in the direct FA is still
presumed to be the putative controlling variable. However, the indirect-
acting variable hypothesized during the secondary assessment is
thought to be a precursor behavior that could be targeted for inter-
vention before tantrums and other more serious unwanted behaviors
are emitted.

Thus, in the secondary assessment, we evaluated the number of
times participants said, “It's too hard,” “I’ll never get this right,” or
other such statements during a 45min session in which children were
exposed to a difficult game. The session was divided into ten 4.5-min
segments for coding purposes. The type of utterance participants vo-
calized most frequently provided context for our selection of the verbal
skill we taught first during the ACTraining phase. Following are ex-
amples of participant verbal behavior and the way we approached ACT
functional assessment from a purely behavior analytic lens. “It's not
supposed to be this hard” was interpreted to be an indication that the
speaker's verbal behavior is fused, or under the control of unhelpful
rules that describe weak or non-optimal contingencies of reinforcement.
“I’ll never get this right” was coded as behavior under the control of
past and future contingencies of punishment, rather than immediate
environmental events. “I’m just lousy at this!” was recorded as verbal
behavior with respect to a single view of self, conceptualized without
regard to contingency demands in the present and immediate context.
“It's too frustrating” suggested that the learner's behavior was con-
stricted in the presence of aversive contingencies. “What's the point?”

was coded as verbal behavior under the control of rigid or poorly ar-
ticulated rules that organized a limited set of actions leading to re-
inforcers that were immediately available but of minor value. “I’m not
doing this!” was interpreted as an indication that the participant was
selecting smaller, sooner reinforcers over larger, later ones available for
continued effort. To simplify the assessment, verbal behavior under
rigid control of past and future events was coded together with beha-
vior that reflected a view of self that was independent of context and
referred to as “uncentered” behavior. Similarly, verbal statements that
discounted delayed reinforcers and that indicted selection of smaller,
sooner reinforcers over larger, later ones were coded together as “dis-
engagement.”

3.5.7. Baseline
Pre-baseline sessions were 45min in length and consisted of mul-

tiple trials of Spot It!™, in which the game parameters were set to be
within each participant's current repertoire. After participants mastered
the game and regularly asked to play, new parameters were set that
were more challenging, thus evoking inflexible responses. The initial
game was considered mastered after participants required zero
prompting over two consecutive sessions. After the game was mastered,
baseline data collection began, during which an experimenter in-
troduced new rules. The first new rule consisted of the addition of a
timer and a designated number of matches required to earn a reinforcer.
A second rule change was introduced if participants mastered the pre-
vious contingency requirements. In this version of the game, partici-
pants needed to select from a series of sentences the one that most
closely corresponded to an image or symbol from the sample deck
(image of green cucumber ←→ phrase, Where is the green cucumber?).
The rule changes were likely to evoke rigid behavior because in the
past, similar changes to routines had evoked behavior from this re-
sponse class.

During the pre-baseline phase, participants learned the discrimina-
tion of the red and green cards. Thus, during baseline, all participants
were exposed to a DRA+EXT condition, analogous to that used by
Harper, Iwata, and Camp (2013) to treat social avoidance. In this
condition, participant requests to keep game rules the same as before
were reinforced; in contrast, if a participant engaged in a tantrum, the
new game rules were enforced. Thus, if their behavior was primarily
sensitive to the direct contingencies, we expected the children would
have demonstrated a decrease in inflexible behavior. However, if their
behavior was substantially under verbal rule control, we expected their
behavior to show insensitivity to the change in contingencies. Prior to
the pre-baseline discrimination training, no manding for sameness in
rules was observed in any of the three participants.

3.5.8. ACTraining
When participant inflexible responding achieved stability (Raul and

Chin) or was ascending (Paul), the first author introduced ACTraining.
Each participant was exposed to an individualized 4-hr intervention in
which six skillsets were taught. Each repertoire was taught using a
game followed by three debriefing questions. The questions were “What
happened?” (to evoke descriptions of event details, thoughts, emotions,
etc.), “So what?” (to promote generalized statements regarding when
and where the skill would be applicable), and “Now what?” (to evoke
brainstorming regarding what they might commit to trying during the
next exercise, based on their immediate experience). By design, these
questions halt responding at first. They are intended to be surprising, so
they are often repeated and, if no answer is occasioned, these questions
are clarified. For example, “So what?” can be followed by, “Why should
we care? Can you think of a time when it might be good to break the
rules?” and “Now what?” can be followed by, “What's another rule we
can change?”

3.5.9. Defusion
Participants in this study seemed to engage in restricted and
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repetitive behavior under the control of rigid and unworkable rules. In
defusion exercises, behavior is brought under the influence of rules that
describe optimal contingencies of reinforcement. The first author was
first introduced as Professor and wore a tie and blazer. During the first
15 min of the session, the experimenter removed his blazer, then his tie,
and then asked permission to remove his collared shirt, under which he
wore a Batman tee shirt. Participants were offered praise for tolerating
these changes, and they were then exposed to the debrief sequence
described above. The experimenter then read The Book with No Pictures
(2014) aloud. The book breaks two common rules about children's
books: that they must include pictures and make sense. Next, partici-
pants were asked to play a game of Tug of War, in which they were
invited to enact a struggle with a monster trying to pull them into a
bottomless pit. As in the classic ACT exercise (Hayes et al., 1999), the
monster represents the participant's rule, “You can’t change the rules!”
and the tug of war is a struggle with struggling itself. This would be an
unlikely target for young children to be able to articulate, but the so-
lution to the problem, “I let go of the rope,” is all that is needed for the
debrief to target other situations in which to let someone else have a go.

3.5.10. Acceptance
The three participants in this study demonstrated repeated unwill-

ingness to play during game situations in which they contacted tem-
porary frustration. In acceptance exercises, contexts are shifted to
produce behavior that is unconstrained when in the presence of aver-
sive contingencies. To teach this as a skill, experimenters brought out a
large bowl filled with ice cubes and asked participants to hold a hand
under the ice for as long as they could; the participants were also in-
structed not to feel cold under any circumstances. Participants were
timed, and there was no immediate debrief of the activity (instead, it is
replayed with different rules later. See below). Next, participants were
asked to draw a hamburger with all the things they liked on it. Then
they were asked if in order to be able to have this amazing burger, they
would allow someone to put some broccoli on it, and they were asked to
draw this, too. This exercise was debriefed and followed with a second
effort at holding a hand under the ice, except this time the participants
were instructed to be curious and marvel at the sensation of being cold.
Again, they were timed, and the event was debriefed.

3.5.11. Present moment awareness
Each participant in this study talked about always losing or never

winning. These utterances were followed by tantrums that make ac-
cessing immediately available reinforcement impossible. When beha-
vior is flexible, it can be influenced by immediate, appetitive environ-
mental contingencies in the presence of cooccurring aversive contexts.
To teach this as a skill, participants were asked to walk quietly and in
sync with the experimenter, who alternately took large slow steps, wide
slow steps, tiny rapid steps, fast large steps, etc. Following this, parti-
cipants were asked to continue to walk in silence but to list all the
smells, sounds, colors, and textures that they came into contact with
that they had not previously noticed. In the debrief, participants were
encouraged to list times when this could be useful, including times
when things were uncomfortable for them in other respects.

3.5.12. Flexible self-perspective taking
Before refusing to either ask for previous rules or play in the current

game, participants in this study made statements about being losers or
other such self-derogatory labels. From a behavioral lens, a person can
have many selves, in the sense of many repertoires of behavior, each of
which is a product of different contingencies of reinforcement (Skinner,
1974). Thus, a flexible sense of self consists of framing or “seeing”
oneself in different ways in terms of the different times and places that
one is located. To teach this as a skillset, we asked children to think of
things that they did and to write these things onto name tags preceded
by the word “I”. The experimenter modeled and did this simultaneously
with each participant. Thus “I play basketball” and “I make robots”

would be acceptable. Then, participants were asked to think of things
they didn’t like doing, but still did with the same “I” prefix. “I do
homework,” “I brush my hair,” etc., were suitable responses. Finally,
participants were asked to write things that they have done that made
them feel sad, such as “I hit my friend,” or “I broke her toy.” In the
context of all these name tags, participants were then asked to imagine
that they could be a person who does all of these things at different
times or in different situations. They were then asked if they could they
be more than one of these things at the same time. Finally, they were
then asked if other people could be these things too, even the bad ones,
when they were playing, and still be a friend.

3.5.13. Valuing
During baseline, participants in this study were heard asking,

“What's the point?” and saying, “This is stupid,” reflecting an aimless-
ness with respect to learning. In spite of this, each participant said that
they liked playing games with their families, trusted that their parents
and tutors would not try to make them feel foolish, and that playing
with others made them feel like they were part of the group. When
valuing, an individual is influenced by flexible rules that summarize
action that will likely lead to powerful, if remote, reinforcers. To de-
velop this as a repertoire, experimenters invited family members to play
a game of Tag, except the rules were unusual. In Blob Tag, one person is
“it” until tagging someone else, who joins arms with them and together
they are the blob, until they tag a third person, etc. The game ends
when everyone is united as the blob. Debriefing centers around how it
feels to be “it” all by yourself versus being a part of something much
bigger and playing together as a team. Following this, participants were
engaged in “trust falls,” in which a family member caught them as they
fell from a small stool, a chair, and from a high tabletop. Additionally,
they were asked to catch a family member in the same fashion. The
debrief focused on extending trust to another and behaving responsibly
toward others. After that, the family was brought together, and ev-
eryone was asked to hold onto a 10 ft 11mm rope tied together at the
ends. They were asked to imagine that this was the world and that the
rope was the earth's atmosphere, shielding everyone they cared about
from the cold vastness of outer space. They were asked then what they
might commit to doing to protect each other and anyone else that they
cared about. The activities were designed to help participants clarify
things they said mattered to them. Since these targets were directly
related to things the participants had said they liked (playing with
others, playing with and being part of the family) they were considered
to be of value to each of the three participants in this study rather than
rules generated by their parents or the experimenters.

3.5.14. Committed action
During baseline, participants in this study did not perform behaviors

that they had previously learned and agreed to engage in for the pur-
pose of contacting rich pools of reinforcement. Their actions contacted
smaller, sooner reinforcers at the expense of working a little harder to
access larger later ones. Committed actions achieve goals that are in an
equivalence class with stated remote reinforcers. To engage participants
in the development of specific behaviors they would perform in a
timeframe that they specified for themselves, participants were asked to
discuss and write answers to the following questions: Who do you like
the most? What are you willing to do for this person that is difficult for
you to do? What things that you don’t like might happen when you try?
Of the things you learned today, what can you do when things you don’t
like happen? What will you do to let others know you’ve done these
things? What will you do to celebrate?

3.5.15. Manding for rule changes
At the close of the ACTraining session, participants were en-

couraged to discuss what they had learned in terms of having fun when
playing games that have rules that change from time to time. The ex-
perimenter then recommended to try being creative with rules and
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asking to make up new rules, the same way they had done in this ses-
sion. The experimenters promised that they would reinforce mands for
new rules in the sessions to come. Participants were also told that they
could mand for sameness if they wanted. The aim of the intervention
was to replace invariant behavior with flexible responding that is more
sensitive to context. Manding for sameness and for new rules both in-
creased participants’ behavioral repertoires; thus, both were reinforced.

3.5.16. Follow-up sessions
The day after a participant was exposed to ACTraining, a behavior

interventionist that was regularly scheduled to meet them for ABA
sessions provided the first of five follow up sessions. The first three
follow up sessions conducted involved the same rule changes as base-
line. The fourth and fifth follow up sessions consisted of a new rule
change. Similar to discrimination training provided during the pre-
baseline phase, new rules during these sessions consisted of green and
red card conditions. In the green card condition, participants were
eligible to mand for rule changes. In the red card condition, only the
experimenter could change the rules. This was to create contexts in
which literacy and language targets could be built into structured play
and ensure that participants did not continuously ask for changes. Cards
were flipped using a random interval timer set to a minimum time of
30 s and a maximum time of 1min 30 s. This portion of the training was
enacted for the same reason the earlier discrimination training was
conducted during pre-training: to assure that manding for rule changes
did not become a new rule that participants over-extended beyond its
utility.

3.5.17. Maintenance and generalization
Maintenance sessions were conducted at 4 and 8 weeks post inter-

vention. With Chin, a third maintenance session was conducted at 9
weeks. We programmed for generalization by preparing two of the
three participants for engagement in games with their siblings at follow
up. Paul and Chin were selected for generalization probes across people
because they had young siblings that were at home at the time of their
sessions and because of their known histories of escalating social in-
teraction with their siblings. Generalization to new games was assessed
with all three participants.

3.5.18. Discrimination aid (SD and SΔ) fading
During maintenance sessions, interventionists said, “Now I’d like to

change the game rules to practice something new” but did not place the
red discrimination cards on the table. Participants were asked not to
mand for sameness or new rules for set periods of time that the inter-
ventionist specified. This was to further promote literacy and language
targets within structured play and to assess whether participants had
learned to observe contextual cues regarding acceptable times for ma-
nipulating rules. That is, if the instructions, “Now I want you to play
with my rules because I’m going to teach you something exciting” and
“Now you can ask for new or old rules; I want you to have fun playing
with me!” had come to control the participants’ behavior, we expected
that fading the SD and SΔ would be feasible without a resurgence of
tantrums.

4. Results

Results of the direct FA (left panels) and indirect functional as-
sessment (right panels) procedures are depicted in Fig. 1. In the direct
FA, all three participants demonstrated behavior under the control of
social negative reinforcement, although Chin's data are less-than-per-
fectly differentiated (Paul, top, 64.5%; Raul, center, 68%; and Chin,
bottom, 52.4%). During the indirect functional assessment, all partici-
pants displayed verbal behavior that was consistent with an inter-
pretation of excessive control by rules (Paul, top, 50%; Raul, center,
50%; and Chin, bottom, 50%).

Results of the discrimination training are depicted in Fig. 2. At pre-

test, participants exhibited poorly differentiated behavior in the pre-
sence of SD and SΔ stimuli (Paul, top, 10%; Raul, center, 21.7%; and
Chin, bottom, 17%). Step 1 produced strong responding across all
participants to the SD (Paul, top, 86%; Raul, center, 81.4%; Chin,
bottom, 62.5%). Step 2 produced strongly differentiated responding to
the SD and SΔ (Paul, top, SD=92%, SΔ = 36%; Raul, center, SD

=96.7%, SΔ = 21.7%; Chin, bottom, SD=83.3%, SΔ =36.7%). Despite
these training outcomes, results during generalization probes did not
show differentiation (Paul, top, SD=96.7%, SΔ =70%; Raul, center,
SD=95%, SΔ =55%; Chin, bottom, SD=90%, SΔ =76.7%). In other
words, during generalization training, we observed that when exposed
to naturalistic play conditions, participants did not respond effectively
to the discrimination they had been taught. That is, regardless of green
or red discriminative stimulus presentations, participants engaged in
tantrums and did not respond in ways that met the contingencies spe-
cified. Initially, we suspected that generalization had not been suffi-
ciently instructed during the pre-baseline training sessions. However,
tantrums continued even when participants were verbally prompted to
observe the green and red cards and reminded of the contingencies
indicated by the cards.

ACTraining results are shown in Fig. 3. Inflexible behaviors (closed
circles), mands for rule changes (open squares), and mands for same-
ness (open triangles) are shown for Paul (top panel), Raul (center
panel), and Chin (lower panel). During baseline, Paul emitted an as-
cending average of 9.3 tantrums (range, 6–14), zero mands for rule
changes, and 2 mands for sameness per hour (range, 2–4) across three
sessions. After ACTraining, Paul's rate of tantrums per hour dropped
considerably (M = 1.2; range, 0–5). His corresponding rate of mands
for rule changes increased (M = 5.4; range, 2–8) and rate of mands for
sameness remained low (M = 2; range, 0–2). During maintenance
probes, Paul emitted zero tantrums in two maintenance sessions, an
average of 8.5 mands per hour (range, 8–9), and 2.5 mands for same-
ness per hour (range, 2–3). During his second generalization probe,
Paul's sister joined him in games and he continued to perform at
treatment levels.

Raul's rate of inflexible behavior was stable at baseline (M = 7.25;
range, 6–8). His manding for rule changes was also stable at 0.25 per
hour (range, 0–1) as was manding for sameness (M = 2.5; range, 2–4).
After ACTraining, his inflexible behavior decelerated to an average of
2.2 per hour (range, 0–5). His manding for rule changes increased to an
average of 7.5 (range, 3–11), whereas manding for sameness dropped to
an average of 1.3 per hour (range, 0–3). During maintenance probes,
Raul did not exhibit inflexible behaviors and continued to emit treat-
ment levels of manding for rule changes (M = 9.5; range, 9–10) and for
sameness (M = 2.5; range, 2–3).

Chin emitted high rates per hour of inflexible behavior at baseline
(M = 13.4; range, 11–15). His rate of manding for rule changes was 0.4
per hour at baseline (range, 0–2) and his rate of manding for sameness
was stable at 2.2 per hour (range, 1–4). After ACTraining, Chin's rate of
inflexible responding decreased by 47.8% to 6.4 per hour (range, 0–12),
whereas his manding for rule changes increased to 4.5 per hour (range,
0–8), an increase of 11.25%. His manding for sameness remained stable
at an average of 1.2 per hour (range 0–3). During maintenance probes,
Chin continued to emit very low rates of inflexible behavior (M = 0.7;
range, 0–1), high rates per hour of manding for rule changes (M = 8.7;
range, 8–10), and low rates of manding for sameness (M = 2.3; range,
0–5).

5. Discussion

In the current study, we evaluated the utility of a 4-hr ACTraining
intervention for increasing flexibility in the context of novel rules
during game play among children with autism. Importantly, we did not
introduce ACT skills initially. Children in this study first underwent a
functional analysis to establish the direct contingencies maintaining
their behavior. When a function-based treatment, DRA+EXT, was
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found to be either inadequate or too slow to improve performance,
baseline data collection for this study began, after which ACTraining
was introduced. In other words, if three or more sessions were con-
ducted using DRA+EXT and participant tantrums did not decelerate,
we introduced ACT to reduce behavioral inflexibility that seemed related
to rigid adherence to rules rather than invariability due to skill deficit.
The original treatment was not removed after ACTraining. That is, in-
flexible behaviors were placed on extinction, and had participants
manded for a break, these mands would have been honored. However,
participants did not mand for breaks, even though prior to this ex-
periment they had been taught to do so. They also rarely manded for
sameness with previous game rules, even though this was reinforced.
However, during the ACTraining intervention, participants were ex-
plicitly taught to mand for rule changes, and this behavior increased in
the context of games, exercises and metaphors they had engaged with.
These findings are consistent with results obtained by Kennedy et al.
(2014), who found that direct contingencies plus ACTraining in mind-
fulness skills were the necessary and sufficient conditions for increasing
novel food selection by very young children with restricted eating ha-
bits. On the other hand, the current findings do not confirm those ob-
tained by Harper, Iwata, and Camp (2013), who treated inflexible be-
havior found to be functionally related to social avoidance with

DRA+EXT. Perhaps this is due to the difference in topography of the
behaviors under investigation. Harper and colleagues treated severe
aggression; in the current context, we treated more mild aggression and
other inflexible behavior, such as tantrums and mild property de-
struction. Nevertheless, ACT has been shown to be effective in treating
other forms of physical aggression (Zarling, Bannon, & Berta, 2017;
Zarling, Lawrence & Marchman, 2015). Also, in the current study, we
evaluated behavior at one and two months post intervention and found
the treatment results durable and generalized to novel contexts.

Others have reduced inflexible behavior using direct contingencies
of reinforcement (Brodhead et al., 2014; Lydon et al., 2011; MacDonald
et al., 2009). These procedures show promise, but it is of interest that in
the current study, the ACTraining intervention strategies were faded
after a few sessions prior to maintenance and generalization probes.
The ACTraining sessions were easy enough to perform that both parents
and junior interventionists were capable of implementing the inter-
ventions with fidelity, however the initial 4-hr trainings were con-
ducted by an experienced ACT trainer. In all, the results of the current
study are of interest in that we a) conducted a direct contingency
functional analysis and contingency management strategies before im-
plementing ACTraining, b) faded the intervention, c) assessed for
maintenance, and d) programmed for generalization.

Fig. 1. Primary (left column) and secondary (right column) FA results for Paul (top), Raul (center), and Chin (bottom).
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Despite these encouraging advances, this study is not without its
limitations. First, the non-concurrent multiple probe across participants
design was employed for pragmatic reasons; in the applied settings
from which we drew participants, we could not conduct concurrent
treatments. Despite the inability of a non-concurrent strategy to meet
the full demands of multiple baseline logic, a reasonable amount of
experimental control is evident in the non-overlapping data points be-
tween baseline and the intervention, strong maintenance, and equally
strong generalization data. Second, this was a package intervention.
That is, the indirect functional assessment procedure was used to un-
cover the dominant verbal function to target for change (i.e., fusion). It
is possible that none of the other five ACT repertoires that were targeted
needed the attention that they were afforded. Therefore, future in-
vestigators should attempt to target individual components and add
others only as needed, especially given that ACT can require effort and
skill to design and implement. Nevertheless, the current study showed
that a brief ACT intervention with easily implemented components was
feasible and that exercises can be designed to target both dominant
verbal functions and others simultaneously. For example, the walking
in sync exercise focused on bringing behavior under the control of
current contingencies (present moment awareness) but also addressed

the dominant problem of excessive rule-following (fusion). A third
limitation is that no effort was made to promote or assess generalization
to novel environments. Since the initial treatment was conducted at
home, generalization probes during games played with siblings may
have shown strong results simply due to the consistency of other salient
stimuli (the house, experimenter, etc.). Future researchers may wish to
investigate the degree to which ACTraining results generalize to novel
environments, different types of games, and more emotionally difficult
situations. Additionally, future researchers may also elect to examine
contexts in which more than one child learns to hold rules more flex-
ibly. Another interesting extension would be an analysis of the condi-
tions under which parents and children could learn behavioral flex-
ibility skills together, to form a common family “language” from which
to discuss matters of concern whenever they arise, rather than only in
the presence of an ABA therapist.

A final potential limitation is the fact that the indirect contingency
functional assessment was interpretative, rather than experimental.

Fig. 2. Responses to SD (closed triangles) and SΔ (open circles) for Paul (top),
Raul (center), and Chin (bottom) during discrimination training. Fig. 3. Inflexible behaviors (closed circles), mands for sameness (open trian-

gles), and mands for rule changes (open squares) for Paul (top), Raul (center),
and Chin (bottom). Maintenance probes were at one and two months. Chin
received an additional maintenance session at 2.5 months. Generalization to
new people (Paul and Chin) and novel games (all) was assessed at follow up.
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That is, our functional assessment of participant vocalizations was
based on a behavioral conceptual analysis of problematic behavioral
repertoires described in the ACT literature and we did not experimen-
tally manipulate antecedents and consequences during the assessment
to confirm these interpretations. Although this is a limitation, no pre-
vious research of which we are aware has conducted an experimental
functional analysis of the verbal relations involved in experiential
avoidance in the context of a treatment study. Still, attempting to do so
would be an exciting potential direction for future research.

Insistence upon sameness and consistency in game play routines is
problematic in young children with autism when it is accompanied by
other behaviors such as tantrums, aggression, and property destruction.
Social interaction and entry into mainstream contexts with increased
opportunities for learning and reinforcement may be limited for those
who routinely evade changes in the rules or demand others to follow
obscure routines. Additionally, when caregivers and peers reinforce
inflexible behavior, the person emitting these responses is not likely to
develop important social problem-solving skills. In the current study,
direct contingency analysis and management strategies were exhausted
before implementing indirect contingency assessment and intervention.
The results of this and other studies reviewed herein provide the basis
for emerging practice guidelines pertaining to the use of ACTraining
when treating behaviors slated for reduction: 1) begin by identifying a
socially significant, observable and measurable behavior, 2) complete a
direct contingency functional assessment, 3) attempt to ameliorate the
problem with direct contingency management strategies, 4) if these are
too slow or unable to resolve the problem, conduct an indirect con-
tingency assessment, 5) teach behavioral flexibility skills using
ACTraining strategies, and 6) employ an analytic strategy to verify that
the intervention caused the results. In this manner, ACTraining stays
true to its behavior analytic core and remains squarely within the scope
of applied behavior analysis.
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