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Abstract

Previous research has shown that contingent vocal imitation has a reinforcing
effect on vocalizations emitted by children. Nevertheless, the precise contingencies
that have a reinforcing effect on vocalizations remain unclear. This study examined
the effects of five conditions (contingent vocal imitation, contingent interaction, non-
contingent vocal imitation, noncontingent physical touch, and a no-interaction con-
trol condition) on the vocalizations emitted by three children with developmental
disabilities. We evaluated the effects of these conditions using an alternating-
treatments design embedded within a multiple-probe-across-participants design. Con-
tingent vocal imitation led to greater increases in the vocalizations emitted by all three
participants than by those in all the other conditions, and the size of this effect was
large. We also found increases in orienting responses during the contingent imitation
condition and increases in echoic responses postintervention for two of the partici-
pants. We discussed implications for practitioners who work with young children
with language delays.

KEYWORDS

Over the past few decades, human language has captured
the interest of scientists across disciplines including psy-
chology, neuroscience, paleontology, anthropology, lin-
guistics, molecular biology, and genetics (Mithen, 2024).
Researchers have pursued intriguing lines of scientific
inquiry into language from diverse theoretical perspec-
tives. For example, chimpanzees have been shown to
emit several grunts and manual signs with different func-
tions (Soldati et al., 2023), songbirds seem to exhibit
species-typical song (Doupe & Kuhl, 1999), African grey
parrots have been trained to discriminate between numbers
(Pepperberg, 2006), and dogs have been trained to exhibit a
vocabulary seen among 2-year old human toddlers
(Pilley & Reid, 2011). However, none of these animals pro-
duce a wide variety of completely novel utterances charac-
teristic of verbal behavior often demonstrated by toddlers
(e.g., Lipkens et al., 1993; Peldez et al., 2000; Sivaraman
et al., 2021). Although it has captured the interest of myriad
scientists, fundamental questions persist about the contin-
gencies operating in a young child’s social environment and
their influence on verbal behavior.

From a behavioral perspective, early language
develops as a function of contingent interaction between

contingent imitation, orienting, vocal imitation, vocalizations

infants and their caregivers. Infant communication begins
with crying and cooing, which may initially be respon-
dent behavior elicited by food deprivation or a care-
giver’s physical touch (Alcaraz et al., 1998; Pelaecz &
Novak, 2024). Fairly early in development, however,
these behaviors come under operant control, as conse-
quences follow infants’ cries or coos. For example, care-
givers soothe, feed, or change a crying infant, leading
cries to become differentiated according to specific moti-
vating conditions (Alcaraz et al., 1998). Between 9 and
12 months of age, infants demonstrate a variety of behav-
iors such as orienting, canonical babbling, joint attention,
social referencing, and generalized motor imitation
(Mundy et al., 2007, Pohl et al.,, 2018; Walden &
Ogan, 1988). Of particular relevance to the current study
is canonical babbling (i.e., the emission of prespeech
photophones such as “baba” or “kaka”), which is thought
to refine vocal speech (Yoo et al., 2024). During the first
year of life, protophones (speech-like sounds emitted by
infants) have been shown to outnumber cries and shrieks
by a factor of five and disruptions in their production are
associated with an increased likelihood of language disor-
ders (Oller et al., 1998, 2021). Infants seem to emit
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babbles when they are alone, as a form of vocal practice,
and when they are interacting with adults (Long
et al., 2020).

To identify the environmental variables influencing
speech production, one aspect of early infant-caregiver
interactions that has gained attention is caregivers’ contin-
gent vocal imitation of their infant’s babbles (e.g., Field
et al., 1985; Gros-Louis et al., 2006; Masur & Olson, 2008).
Researchers have noted that during everyday interactions,
caregivers often imitate their child’s motor and vocal
responses. Maternal imitation' of infant babbles resulted in
more vocalizations, smiles, and complex articulations emit-
ted by infants aged 3 to 8 months than nonimitative interac-
tions (Field et al., 1985). In the behavior analysis literature,
Peldez et al. (2011) demonstrated that contingent vocal imi-
tation increased infant vocalizations. This study, although
instrumental for the expansion of the operant learning
approach to speech development, did not investigate the
effects of contingent imitation on other behaviors such as
orienting and echoing or the effects of other reinforcement
contingencies such as contingent social interaction on infant
vocalizations.

The seminal study by Peldez et al. (2011) demonstrat-
ing the effects of contingent imitation on increasing the
vocalizations of human infants has since been replicated
with other populations including young children with
speech difficulties, children with Down syndrome, and
those at elevated likelihood for autism spectrum disorder
(Fiani et al., 2021; Ishizuka & Yamamoto, 2016; Neimy
et al., 2020; Pelaez et al., 2018). What remains less clear
is how this approach compares to other reinforcers, such
as nonimitative social interaction or physical touch, when
delivered contingently or noncontingently. The effects of
physical touch have been shown to be critical for infants’
sociocommunicative development (Cascio et al., 2019;
Provenzi et al., 2020) and specifically in increasing
infants’ orienting responses toward the caregiver (Pelaez-
Nogueras et al., 1996). However, the effect of physical
touch on vocalizations remains largely unexplored.

Additionally, several studies have highlighted the pos-
itive effects of contingent interaction on neurotypical
infants’ vocalizations (e.g., Elmlinger et al., 2019;
Goldstein et al., 2003, 2009; Gros-Louis et al., 2014).
However, only a few studies have compared contingent
social interaction with contingent imitation, and findings
have been mixed. For example, Neimy et al. (2020) inves-
tigated the effects of three mothers using contingent imi-
tation versus motherese speech (e.g., contingently saying,
“Hii sweet babyyy”) and found that two of the children
produced more vocalizations with contingent imitation,
although one child showed similar rates of vocalizations
across both conditions. In most prior studies reviewed
above, mothers conducted the research sessions, making

A more precise description may be contingent vocal emulation (Zentall, 2004)

because the mother did not copy the movements of the child’s vocal cords, only
the results of those movements (i.e., the sounds produced). We chose to use the
term contingent vocal imitation to be consistent with prior studies on this topic.

it difficult to distinguish whether vocal imitation func-
tioned as a reinforcer on its own or whether the mother’s
presence served as a conditioned reinforcer. Although
involving mothers may be a practical necessity when con-
ducting sessions with infants, from both theoretical and
applied perspectives, separating these effects may
increase precision in identifying the specific contingent
stimuli functioning as reinforcers.

Before proceeding, it is important to briefly highlight
emerging developments in the nonhuman literature
because an analysis of verbal behavior development is
only complete when both phylogeny and ontogeny are con-
sidered (Morris, 1988). Biologists have observed vocaliza-
tions by infant bonobos and chimpanzees during early
infant—caregiver interactions, similar to the babbles emitted
by human infants, suggesting an evolutionary foundation of
human language among nonhuman primates (Kojima, 2008;
Oller et al., 2019; Sclafani et al., 2023). A critical procedural
difference that has been noted is that unlike human care-
givers, who are vocally responsive to infant vocalizations
(through contingent imitation and other contingent verbal
interactions; Masur & Olson, 2008), bonobo and macaque
mothers do not emit contingent vocalizations. In addition,
although these mothers respond contingently, (e.g., by pick-
ing up the infant), there is no increase in vocalizations emit-
ted by macaque or bonobo infants over time (Sclafani
et al., 2023). In contrast, human mothers emit contingent
vocal responses, both formally matched and unmatched with
the sound made by their infant, and they seem to be critical
in promoting infants’ vocalizations.

Toddlers’ vocalizations do not always occur in isola-
tion and may be emitted alongside other behaviors such
as orienting toward a caregiver or shifting gaze between
an object and a caregiver (e.g., Kovdcs et al., 2014).
Investigating the collateral effects, if any, of reinforcement
contingencies that influence vocalizations on other co-
occurring behaviors appears to be a worthwhile pursuit. To
the best of our knowledge, no prior research has systemati-
cally examined this relation. Although several theoretical
assertions have been made regarding the importance of
early orienting responses including joint attention, social
referencing, and more recently, mutually entailed orienting
(e.g., Hayes & Sanford, 2014; Sivaraman et al., 2023), more
empirical studies that demonstrate the behavioral processes
facilitating these critical repertoires are needed. Finally, a
few studies have investigated the effects of contingent vocal
imitation on children’s echoic responding, but they all typi-
cally measured whether the child imitated any of the adult’s
vocalizations during the contingent imitation sessions
(e.g., Neimy et al., 2020). It seems important to conduct
assessments on children’s echoic responses with a predefined
set of vocal antecedent stimuli outside of the contingent imi-
tation sessions.

Therefore, the purpose of the current study was to com-
pare the effects of five conditions (contingent vocal imita-
tion, contingent interaction, noncontingent vocal imitation,
noncontingent physical touch, and one no-interaction
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control condition), all implemented by an experimenter, on
the vocalizations emitted by three toddlers diagnosed with
developmental disabilities by using an alternating-treatments
design. As a secondary purpose, we investigated whether
there were any effects of these contingencies on the children’s
spontaneous orienting responses toward the researcher and
the influence on echoic responses posttraining.

METHOD
Participants

Participants included three male children, Andy, Brad,
and Manuel, aged between 28 and 36 months. Based on
caregiver reports, all three were White children and Brad
was Hispanic. We did not receive ethnicity information
from Andy and Manuel’s caregivers. Andy and Manuel’s
families spoke English at home, and Brad’s family spoke
Spanish. All three participants had been classified with a
developmental delay or disability and were enrolled in
a district-based early intervention school that implemen-
ted the Comprehensive Application of Behavior Analysis
to Schooling model (CABAS; Selinske et al., 1991;
Singer-Dudek et al., 2021). The experimenter was an
Asian female teacher employed at the same school as the
participants, and she was also enrolled as a first-year doc-
toral student in an applied behavior analysis graduate
program. She was familiar to all three participants and
provided them with regular individualized instruction
outside the study.

These participants were selected for the study because
they were preverbal (i.e., did not emit any functional
vocal-verbal behavior and emitted a relatively low num-
ber of protophone vocalizations (e.g., “ba,” “eee”), rang-
ing from 5 to 20 during a 2-minute session conducted
prior to the start of the study. During prestudy observa-
tions that were part of the regular assessments conducted
at the children’s school, all participants occasionally
(approximately 25%-50% of opportunities) oriented
toward a familiar adult when they entered the room or
when adults spoke to the child or called out the child’s
name. The participants typically communicated wants or
needs by pulling a familiar adult toward a desired item
or pointing to it. None of the participants had a general-
ized motor imitation repertoire. At the school, they were
working on picture exchange (e.g., selecting a picture
from a picture board array of nine stimuli) when they
wanted one of the items in the array. All three children
received sessions with a speech-language therapist. In
their applied behavior analysis instructional sessions,
only Andy had been exposed to an echoic program,
which involved prompting him to repeat a sound made
by the instructor. However, these trials frequently
resulted in crying, leading to the program’s discontinua-
tion. Brad and Manuel had not received echoic instruc-
tion prior to the study.

Setting

The study took place at an early intervention school in a
suburban area outside a metropolitan city. The school
served children between 18 and 42 months of age. All ses-
sions were conducted at child-sized tables in a quiet room
that was adjacent to the classroom. The room contained
a child-sized desk and two child-sized chairs. A variety of
toys without sounds (e.g., Lego blocks, pretend play sets,
toy vehicles, animals) and books were available during
each session. In addition, the experimenter set up a
mobile phone paired with a wireless microphone next to
the participants to capture their vocalizations and record
the sessions. During the noncontingent vocal imitation
condition (described below), the experimenter wore ear-
phones and listened to a recording of all the vocalizations
emitted by the participant in a preceding condition. The
experimenter also used a timer throughout the study.

Dependent variables and response measurement

We measured each participant’s vocalizations during
2-min sessions. We defined vocalizations as voice sounds
with a discrete onset and offset including babbling and
cooing but excluding coughing, whining, crying, sneez-
ing, and loud breathing. We used a frequency measure
and counted the number of vocalizations emitted and
each occurrence of vocalization was separated from
another by at least 1s (i.e., consistent with definitions
used in Peldez et al., 2011; Poulson & Kymissis, 1988;
Neimy et al., 2020). In addition, we measured the partici-
pants’ orienting responses. We defined orienting as the
child making eye contact with the experimenter or look-
ing at the general region of the experimenter’s face. We
measured orienting using 5-s partial-interval recording
during each 2-min session and reported the data as the
percentage of intervals with orienting.

Finally, we used the Early Echoic Skills Assessment
(EESA; Esch & Sundberg, 2014) to evaluate each partici-
pant’s echoic responses. We measured correct and incor-
rect responses and reported the number of correct echoic
responses emitted by each participant. We scored a cor-
rect echoic response if the child’s vocal behavior was
emitted within 5 s and shared point-to-point correspon-
dence with the vocal stimulus presented by the experi-
menter. All other responses and no responses were scored
as incorrect echoic responses.

Experimental design and data analysis

We used an alternating-treatments design embedded
within a multiple-probe-across-participants design. Each
participant underwent a baseline phase and an inter-
vention phase. During the baseline phase, the partici-
pants experienced the control condition. During the
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intervention phase, they each experienced five experimen-
tal conditions (i.e., contingent imitation, noncontingent
imitation, noncontingent physical touch, contingent
interaction, and the control condition) every day. Each of
these conditions were separated by at least 20 min. The
sequence of the presentation of conditions was deter-
mined by block randomization using randomizer.org
(Urbaniak & Plous, 2013). However, contingent vocal
imitation always preceded noncontingent vocal imitation.
We simply assigned these two conditions to be one unit
during randomization. All participants experienced the
five experimental conditions for a total of 10 times each,
following which the most effective condition was alter-
nated with the control condition for four sessions each.

We supplemented the visual analysis of the vocaliza-
tions data with statistical analyses. Specifically, we calcu-
lated the percentage exceeding the median (PEM) to
serve as an overlap index (Ma, 2006; Parker et al., 2011).
We computed PEM by comparing the data collected dur-
ing the contingent imitation sessions for each participant
with the median number of vocalizations in the baseline
phase. We also evaluated the effects of the intervention
sessions on echoics using a concurrent multiple-probe
design.

General procedure

All sessions were 2 min in duration. The child sat at a
table with access to a few regular classroom toys that
were chosen at random and used with all three children,
and the experimenter sat next to the child. If the child
made any requests such as pulling the experimenter’s arm
toward a toy, the experimenter helped with opening the
toy but did not emit any vocal-verbal behavior toward
the child. This only occurred with Manuel a few times
when he needed help with opening a box of toy stamps. If
the participant was fussy and hard to comfort (i.e., crying
or whining), the experimenter terminated the session and
resumed a new session once the participant was calm.
This happened once for Brad, who was experiencing ill-
ness at the time, and we did not plot the data that were
obtained for this session.Baseline.

Control

During the baseline phase, we conducted control sessions
during which the experimenter did not emit any vocaliza-
tions. She simply sat next to the child and pretended to
be busy with a datasheet.

Intervention.

During the intervention phase, we rapidly alternated
between contingent imitation, noncontingent imitation,
noncontingent physical touch, contingent interaction,
and control sessions. Control sessions were conducted
exactly as described above.

Contingent vocal imitation

During this condition, immediately following each vocaliza-
tion emitted by the participant, the experimenter imitated
the same vocalization in an animated manner while smiling
and making eye contact with the child. For instance, if the
participant ~ vocalized  “shwuwu,” the experimenter
responded by immediately echoing “shwuwu.”

Noncontingent vocal imitation

During this condition, the experimenter emitted all the
vocalizations emitted by the child during the previous
contingent vocal imitation session, matched in temporal
distribution, while making eye contact with the child.
The experimenter wore earphones connected to a record-
ing of the previous contingent vocal imitation session and
imitated her own vocal responses as in the recording.
During this phase, there were no programmed conse-
quences for the child’s vocalizations. The experimenter
did not emit any sounds for at least 2 s following the
child’s vocalizations (see Vollmer et al., 1997). We had to
delay the delivery of noncontingent vocalization a few
times for all participants, and we did not record these
instances.

Noncontingent physical touch

During this condition, the experimenter provided physi-
cal touches (e.g., pat on the back) to the participants on a
10-s fixed-time schedule. The experimenter smiled and
made eye contact with the child when she provided physi-
cal touches. As in the noncontingent vocal imitation con-
dition, there were no programmed consequences for the
child’s vocalizations. If the child vocalized, the experi-
menter waited 2 s before delivering the next scheduled
physical touch.

Contingent social interaction

Following every occurrence of a vocalization, the experi-
menter immediately provided a vocal-verbal response to
the participant (e.g., “I like how you are making the
sound,” “You have such a beautiful voice,” “You are
really talkative today,” “Great job talking”) using an ani-
mated tone of voice, accompanied by a smile and eye
contact. The experimenter did not imitate or repeat
vocalizations produced by the participant.

Pre- and postintervention echoic assessments.

The experimenter used the EESA Group 1 items to
evaluate each participant’s echoic clarity of simple and
reduplicated syllables. During each trial, the experi-
menters delivered the target syllable using the instruction
“Say [sound]” and gave participants 5s to repeat the
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sound. Each session consisted of 25 trials. We deviated
from the traditional EESA administration in two ways:
(a) no prompts, reinforcement, or error correction were
provided for correct or incorrect responses and (b) each
trial was presented only once.

Interobserver agreement and procedural fidelity

A second, independent trained observer collected data on
30% of sessions to evaluate interobserver agreement
(IOA). Both observers practiced collecting vocalization
data from videotaped pilot control sessions prior to the
commencement of the study until 100% agreement was
achieved on three consecutive videos. The total count
IOA for vocalizations was 99% for Andy (range: 90%-—
100%) across conditions and, specifically, was 100% dur-
ing control, contingent imitation, and noncontingent imi-
tation and 97% each during noncontingent physical
touch (range: 90%-100%) and contingent interaction
(range: 92%-100%). IOA for vocalizations across condi-
tions was 98% for Brad (range: 86%-100%) and, specifi-
cally, 96% during control sessions (range: 86%-—100%),
100% during contingent imitation, 93% during noncontin-
gent imitation (range: 88%-100%), and 100% during non-
contingent physical touch and contingent interaction. IOA
for vocalizations across conditions was 98% (range: 88%—
100%) for Manuel and, specifically, 98% (range: 92%—
100%) during control sessions, 100% during contingent imi-
tation, 98% (range: 95%-100%) during noncontingent imi-
tation, 96% (range: 88%-100%) during noncontingent
physical touch, and 100% during contingent interaction.

Interval-by-interval IOA for orienting across condi-
tions was 97% for Andy (range: 92%-100%) across
conditions. Specifically, IOA was 97% during the control
condition (range: 96%-100%), 97% during contingent
imitation (range: 92%-100%), 93% during noncontin-
gent imitation (range: 92%-100%), 97% during
noncontingent physical touch (range: 92%-100%), and
99% during contingent interaction (range: 96%-100%).
IOA for Brad’s orienting responses was 99% (range: 96%—
100%) across conditions, specifically, 100% during the con-
trol condition, 97% (range: 96%-100%) during contingent
imitation, 99% (range: 96%-100%) during noncontingent
imitation, 100% during noncontingent physical touch, and
99% (range: 96%-100%) during contingent interaction.
IOA for Manuel’s orienting responses was 98% (range:
92%-100%), and, specifically, was 97% (range: 96%—100%)
during control sessions, 99% during contingent imitation
(range: 98%-100%y), 96.7% during noncontingent imitation
(range: 92%-100%), 100% during noncontingent physical
touch, and 99% during contingent interaction (range:
98%—-100%). IOA was 100% for echoic responses for all
participants.

In addition, for 30% of sessions, the second author
measured procedural fidelity (Ingham & Greer, 1992) by
assessing whether the experimenter followed the correct

procedure for each condition. Correct execution involved
immediately delivering or delaying the consequence if a
child vocalization occurred (as applicable for each condi-
tion; e.g., 2-s delay for vocalizations in the noncontingent
imitation sessions). For contingent imitation and contin-
gent interaction sessions, we recorded whether the experi-
menter vocally imitated the child or provided a vocal
verbal response after each vocalization. For noncontin-
gent imitation sessions, we recorded whether the experi-
menter made all the same sounds she had made during
the contingent imitation sessions. For the noncontingent
touch sessions, we recorded whether the experimenter
gently touched the child every 10 s. For control sessions,
we recorded whether the experimenter remained silent
after each vocalization emitted by the child. Procedural
fidelity was 100% across these sessions.

RESULTS

Figure 1 shows the number of vocalizations emitted in
each 2-min session by Andy, Brad, and Manuel. In the
first tier, during the baseline phase, Andy emitted an
average of 10 vocalizations (Mdn = 10, range: 5-13) dur-
ing each session. Visual analysis of Andy’s data during
the intervention phase showed that the number of vocaliza-
tions emitted during the contingent vocal imitation sessions
was higher than any of the other conditions, averaging
23 vocalizations (Mdn = 23, range: 18-27). During the non-
contingent imitation, contingent interactions, noncontingent
touch sessions, and control sessions, Andy averaged 14 vocali-
zations (Mdn =14, range: 9-18), 12 vocalizations
(Mdn = 12, range: 2-19), 10 vocalizations (Mdn = 11, range:
3-15), and 9 vocalizations (Mdn = 11, range: 4-15), respec-
tively. Subsequently, we alternated between control and con-
tingent vocal imitation for four sessions each, and Andy
emitted an average of 29 vocalizations during contingent imi-
tations session (Mdn = 25, range: 24-42) and 13.5 vocaliza-
tions during the control sessions (Mdn = 13, range: 10-18).
Andy consistently emitted a higher number of vocalizations
during the contingent imitation sessions than during the con-
trol and the other conditions.

In the second tier, during the baseline phase, Brad
emitted an average of 15 vocalizations (Mdn =15,
range: 11-21) during each session. Similar to Andy,
visual analysis of Brad’s data during the intervention
phase showed that the number of vocalizations emitted
during the contingent vocal imitation sessions was
higher than any of the other conditions. Specifically,
during the contingent imitation sessions, he averaged
22 vocalizations (Mdn = 23, range: 13-30). During the
noncontingent imitation, contingent interactions, non-
contingent touch sessions and control sessions, Brad
averaged 7 vocalizations (Mdn = 8, range: 0-13), 11 vocali-
zations (Mdn = 12, range: 2-20), 7 vocalizations (Mdn = 8,
range: 3-13), and 11 vocalizations (Mdn = 13, range: 2-19)
respectively. He averaged 21 vocalizations (Mdn = 20,
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FIGURE 1 Number of vocalizations emitted across conditions. BL = Baseline.

range: 19-26) and 10 vocalizations (Mdn = 10, range: 0—
19) in the final four contingent imitation and control ses-
sions, respectively. Apart from one noncontingent physical
touch session, Brad emitted a higher number of vocaliza-
tions during the contingent imitation condition than during
the other conditions.

Manuel emitted an average of 10 vocalizations
(Mdn = 10, range: 7-12) during each session in the base-
line phase. Visual analysis of Manuel’s data during the

intervention phase also showed that the number of vocal-
izations emitted during the contingent vocal imitation
condition was higher than during any of the other
conditions. Specifically, during the contingent imitation
sessions, he averaged 22 vocalizations (Mdn = 20, range:
13-42). During the noncontingent imitation, contingent
interaction, noncontingent touch sessions, and control
sessions, Manuel averaged 7 vocalizations (Mdn = 6,
range: 2-19), 5 vocalizations (Mdn = 2, range: 0-13),
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6 vocalizations (Mdn = 6, range: 2-15), and 10 vocalizations
(Mdn = 8, range: 3-23), respectively. Finally, he averaged
19 vocalizations (Mdn = 18, range: 17-21) and 6 vocaliza-
tions (Mdn = 5, range: 4-8) during the final four contingent
vocal imitation and control sessions, respectively.

We supplemented the visual analysis with statistical
analyses and compared PEM for the five conditions in
the study. For Andy, all 10 contingent imitation sessions
were above the baseline median, yielding a PEM of
100%. Using the same approach, PEM for Brad and
Manuel’s contingent imitation sessions were 90%
and 100%, respectively, indicating an overall large effect
across participants for the imitation sessions relative to
baseline (Dowdy et al., 2021; Scruggs et al., 1986). We
also computed PEM by comparing the data collected
during the contingent imitation sessions for each partici-
pant with the median number of vocalizations in the non-
contingent imitation sessions, noncontingent physical
touch, and the contingent interaction sessions. For all
these comparisons, PEM for Andy, Brad, and Manuel
was 100%, indicating an overall large effect across partic-
ipants of the contingent imitation sessions relative to all
other conditions.

Figure 2 shows the percentage of intervals in which
Andy (top panel), Brad (middle panel), and Manuel (bot-
tom panel) emitted orienting responses during each 2-min
session throughout the study. Andy emitted no orienting
responses during baseline (M =0, Mdn =0, range: 0)
during each session. During the intervention phase, in the
contingent imitation conditions, he averaged 45% inter-
vals of orienting (Mdn = 42, range: 25%-83%). During
the noncontingent imitation, noncontingent touch, con-
tingent interaction, and control conditions, Andy aver-
aged 28%  intervals of orienting (Mdn = 25%, range:
17%—-67%), 7% orienting (Mdn = 6%, range: 0%-21%),
11% orienting (Mdn = 13%, range: 0%-21%), and 5%
orienting (Mdn = 2%, range: 0%—17%), respectively. He
averaged 64% intervals of orienting (Mdn = 60%, range:
46%-88%) and 6% orienting (Mdn = 6%, range: 0%-—
13%) in the final four contingent imitation and control
sessions, respectively. Overall, Andy emitted a higher per-
centage of orienting responses during the contingent imi-
tation sessions than during the control and the other
conditions. Andy also emitted relatively higher levels of
orienting responses during the noncontingent imitation
conditions than during the noncontingent physical touch,
contingent interaction, and control conditions.

In the second tier, during the baseline phase, Brad
emitted no orienting responses during each session. Dur-
ing the contingent imitation conditions in the interven-
tion phase, he averaged 4% intervals of orienting
(Mdn = 0, range: 0%—-17%). During the noncontingent
imitation, noncontingent touch, contingent interaction,
and control conditions, Brad averaged 1% intervals of
orienting (Mdn =0, range: 0%-4%), 1% orienting
(Mdn = 0%, range: 0%-4%), 1% orienting (Mdn = 0%,
range: 0%-8%), and 1% orienting (Mdn = 0%, range:

0%-13%), respectively. He averaged 7% intervals of
orienting (Mdn = 8%, range: 0%-12.5%) and 2% orient-
ing (Mdn = 0%, range: 0%-4%) in the last four contin-
gent imitation and control sessions, respectively. Overall,
Brad emitted low levels of orienting responses across all
conditions, with marginally higher levels of orienting dur-
ing the contingent imitation condition. We did observe
increased orienting responses in the final four sessions of
the study when contingent imitation was alternated with
the control condition.

In the final tier, during baseline, Manuel emitted an
average of 0% orienting during the baseline phase
(Mdn = 0, range: 0-4%). In the intervention phase, dur-
ing the contingent imitation condition, he averaged 23%
intervals of orienting (Mdn = 10, range: 0%-92%). Dur-
ing the noncontingent imitation, noncontingent touch,
contingent interaction, and control conditions, Manuel
averaged 4% intervals of orienting (Mdn = 0%, range:
0%-25%), 1% orienting (Mdn = 0%, range: 0%—8%), 1%
orienting (Mdn = 0%, range: 0%-4%), and 2% orienting
(Mdn = 0%, range: 0%—-13%), respectively. He averaged
8% intervals of orienting (Mdn = 8%, range: 0%—13%) in
the final four contingent imitation sessions and no orient-
ing responses in the last four control sessions. Overall, he
emitted a relatively higher percentage of orienting
responses during the contingent imitation condition than
during the control and the other conditions, and we
found an increasing trend during the contingent imitation
sessions. Anecdotally, similar to Andy, we observed that
during the initial noncontingent imitation conditions, he
emitted a relatively high number of orienting responses
and often emitted vocalizations, oriented toward the
researcher, smiled, and waited for a few seconds.

Figure 3 shows the number of echoic responses emit-
ted by Andy (top panel), Brad (middle panel), and Man-
uel (bottom panel) pre- and postintervention out of a
total of 25 trials using the EESA. During baseline, on
average Andy emitted 9 echoics (Mdn = 9, range: 9-10),
Brad emitted 0 echoics, and Manuel emitted 0 echoics
(Mdn =0, range: 0-1). Postintervention, on average
Andy emitted 22 echoics (Mdn = 22, range: 20-23), Brad
emitted 8 echoics (Mdn = 8, range: 7-9), and Manuel
emitted 2 echoics (Mdn =2, range: 0-3). Overall, all
three participants showed an increase in the number of
echoics, although the increase in Manuel’s responses was
relatively small. These results should be interpreted with
caution because we cannot attribute the increase to any
specific intervention condition.

DISCUSSION

In the current study, we compared the effects of five spe-
cific conditions on the vocalizations emitted by three tod-
dlers with a classification of a developmental delay or
disability. We found that contingent vocal imitation pro-
duced the highest number of vocalizations for all three
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children relative to contingent social interaction, noncon-
tingent vocal imitation, noncontingent physical touch,
and the control condition. The PEM calculations showed
that the overall effect of the contingent imitation condi-
tion was larger than that in all the other conditions. We
also investigated the effects on participants’ spontaneous
orienting responses toward the researcher and found that

contingent vocal imitation sessions produced the highest
increase in orienting responses directed toward the experi-
menter for two of our participants. We found tentative effects
on children’s echoic responses. Our findings are consistent
with prior behavior-analytic research on the effects of contin-
gent imitation on vocalizations (e.g., Fiani et al., 2021; Neimy
et al., 2020; Pelaez et al., 2011; Pelaez et al., 2018), and the
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current study adds to the extant literature on a verbal  increases in vocalizations during these sessions almost
behavior approach to language development in children. immediately. A foundational assumption of behavior analy-

Upon close consideration of the contingent vocal imi- sis is that behavior is controlled by the current context and
tation sessions, we see that all participants demonstrated  the organism’s learning history (Bordieri et al., 2016).

3SUBO 1T SUOWIWIOD SAIR1D 3|qeat|dde ay) Ag pousenob ae sapie YO ‘88N JO Sajn. 104 AriqiT auljuO 4|1 UO (SUOTPUOD-PUR-SWLBIL0D A3 1M Aleig 1 Ut |uoy//sdiy) SUORIPUOD pue sWwid 1 8Y) 89S [9202/90/T0] U0 Afiqiauliuo A8|im ‘pleog ool e SAeUY Joieyeg Ag 9800, Bdel/200T 0T/I0p/wod A 1M Ale.q 1 put|uo//Sdny wouy papeojumod ‘v ‘G202 ‘€0LE8E6T



INCREASING VOCALIZATIONS

| 861

However, a question remains: Why did contingent vocal
imitation function as a reinforcer? Researchers have pro-
posed that a caregivers’ vocalizations may be repeatedly
paired with unconditioned and conditioned reinforcers early
on—such as during feeding or tactile stimulation—thus
becoming a conditioned reinforcer (e.g., DeCasper &
Spence, 1986). However, this does not explain why similar
effects are not observed during contingent interaction and
contingent imitation sessions, both conducted by the same
individual. An alternative explanation may lie in the evolu-
tionary history of a species, wherein functional reinforcers
for diverse species’ responses result from survival contingen-
cies (Petrovich & Gewirtz, 1984, 1985; Skinner, 1953,
1966). More recently, Baum (2012, 2018) posited that rein-
forcement is the selection of behavior that produces phylo-
genetically important events. A caregiver’s contingent
imitation of an infant’s vocalization may be such an event
that seems to allow them to function as a cooperating dyad
and serve as a context for verbal behavior (Hayes &
Sanford, 2014; Sivaraman et al., 2023). To our knowledge,
nonhuman infant—caregiver dyads have not yet been seen to
demonstrate this behavioral pattern of contingent vocal imi-
tation (e.g., Sclafani et al., 2023). More research is needed
to refine methods to predict and influence children’s early
vocalizations.

Across behavior-analytic theories, researchers have
emphasized the importance of automatic reinforcement in
maintaining verbal behavior. For example, researchers have
described the correspondence between say-do, hear-say as
conditioned reinforcers for verbal behavior (Greer
et al., 2017; see also Horne & Lowe, 1996; Schlinger, 1995),
coherence or “sense-making” being a powerful reinforcer
(Bordieri et al., 2016; Hayes, 1997; Wilson & Hayes, 1996),
or parity between one’s own behavior and the general prac-
tices of the verbal community being a reinforcer
(Palmer, 1996). Critically, however, during the contingent
vocal imitation sessions, the similarity was between the
child’s initial vocalization and the adult’s subsequent
response to that vocalization. Moreover, the adult’s
responses were not entirely consistent with typical practices
of the verbal community—often consisting of simplified or
less mature vocalization. Instead, the formal match between
the child and the adult’s vocalization may have been func-
tioning as a potential reinforcer. There may be several evo-
lutionary advantages to mothers emitting vocalizations that
formally match those of their infant. The imitation may
function to gain the infant’s attention or to increase bond-
ing and may also serve as a context for further interaction.
An additional consideration relevant to our study was that
the children’s classroom teacher served as the experimenter
and her prior history with the children potentially influ-
enced the results in the contingent imitation sessions.

We found that contingent interaction was not effec-
tive at increasing vocalizations for any of our partici-
pants. In contrast, several prior studies have found
contingent motherese speech to be effective at increasing
vocalizations in young children (Goldstein et al., 2003,

2009; Gros-Louis et al.,, 2014). Neimy et al. (2020)
found that contingent interaction and contingent imita-
tion were equally effective at increasing vocalizations
(e.g., participants Ellie and Leah). However, the partici-
pants in their study were much younger (7-11 months of
age) and perhaps, more importantly, the children’s
mothers implemented the intervention in all the studies
mentioned earlier. See Ishizuka and Yamamoto (2016)
for null findings for contingent interaction when a
researcher implemented the sessions. An alternative
explanation is that contingent interaction was delivered
in motherese in all these prior studies and that caregivers
may have delivered formally simpler and shorter vocali-
zations than those included in the contingent interaction
condition of the present study (see Elmlinger et al., 2019).
Future research should test the length and content of
unmatched vocalizations to further differentiate between
the effects of the contingent imitation and interaction
conditions.

Anecdotally, all three of our participants engaged in
an activity that seemed like preverbal turn-taking, with
formal similarities to a conversational unit or verbal epi-
sode (Schauffler & Greer, 2006; Skinner 1957), during the
contingent imitation sessions. That is, we observed instances
where the child emitted a vocalization, waited for the experi-
menter to imitate their vocalization, and then made a new
vocalization while orienting toward the researcher and the
sequence repeated a few times. Andy and Manuel also
showed higher levels of orienting responses in some of the
initial noncontingent imitation sessions, which always fol-
lowed the contingent imitation sessions. These responses
subsequently declined over time, possibly because they were
not consistently followed by a vocal imitation response. Our
findings are consistent with those from several studies in
neuroscience and developmental psychology (Field
et al., 2001, 2013; Sanefuji & Ohgami, 2011, 2013;
Slaughter & Ong, 2014; see also Contaldo et al., 2016, for a
review), which reported increased orienting and turn-taking
behaviors following contingent imitation. Nevertheless,
more behavior-analytic research is needed to replicate and
extend these findings on orienting and preverbal turn-taking.

The effects we observed in echoic responses are pre-
liminary and exploratory. Readers should note that there
were important differences between the participants in
their baseline levels of echoing. Preintervention, Brad
and Manuel had almost no echoic responses, whereas
Andy emitted nearly 40% correct echoic responses. We
found relatively large increases in echoic responses for
Andy and Brad and only a marginal increase in Manuel’s
responses. Although we did not offer programmed rein-
forcement for echoic responses during the experiment,
this may have occurred in the natural environment out-
side the study context and potentially contributed to the
increase in echoic responses. Alternatively, it is plausible
that the topographical similarity between hearing one’s
own vocalization and that of the experimenter during the
contingent imitation sessions not only serves as a
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reinforcer for vocalizations but also might establish dis-
criminative functions for the experimenter evoking subse-
quent echoic responses (Neimy et al.,, 2020; Pelaez
et al., 2018). Nevertheless, we did not observe a large
increase in echoic responses in one of our participants,
and because we cannot attribute the improvement of the
others to anything specific (given that the intervention
involved multiple conditions), these results should be
viewed tentatively.

Several clinical implications warrant consideration.
First, we conducted 10 sessions, each lasting only 2 min
across conditions, for all three participants and observed
immediate increases in vocalizations during contingent
imitation sessions. The procedures are relatively simple
and efficient and could be replicated by behavior analysts
and other professionals with some training. We included
only those participants who made between 5 and 20 dis-
crete vocalizations during a 2-min session prior to the
study, and this may be an important inclusion criterion
for successful replication with other children. The ses-
sions with noncontingent vocal imitation were ineffec-
tive at increasing vocalizations. This highlights the
potential negative or null effects of poorly timed vocal
interactions directed toward the child in the natural
environment. Finally, the quality and content of contin-
gent vocalizations seems to be an important factor in
promoting children’s vocalizations. Long interaction
statements were ineffective, and formally matched
vocalizations were effective in the current study.

Several limitations and areas for future research war-
rant consideration. The session duration in the current
study was 2 min and always conducted in the school, and
having longer sessions in a variety of settings may offer a
more robust demonstration of the effects of these and
other reinforcement contingencies. We did not test the
effects of physical touch delivered contingently on chil-
dren’s vocalizations. We measured only total count
agreement for ease, which is a relatively weak estimate of
interobserver agreement, and we did not measure the
social validity of our goals or outcomes, which are all
important steps for future research. Next, our design did
not allow us to test the individual influence of each condi-
tion on children’s echoic responses. This would be a criti-
cal step for future research. Furthermore, caregivers
naturally provide specific forms of vocal stimulation con-
tingent on infants’ vocalizations, including but not lim-
ited to questions, imitations, naming objects, and giving
instructions and nonverbal stimulation such as physical
touch (Gros-Louis et al., 2006). We did not include all
these conditions in our study, but it seems important to
systematically test the effects of more of these conse-
quences. Conducting more systematic analyses in the
context of vocalizations seems essential to understanding
the operant processes underlying preverbal behaviors,
which are said to be critical for children to be truly ver-
bal. Further insight into the contingencies facilitating
these repertoires will not only be conceptually useful but

also have myriad clinical implications for a science of
behavior.

AUTHOR CONTRIBUTIONS

Tianyue Sun contributed to designing the study, data col-
lection, data analysis, and writing and revising the manu-
script. Maithri Sivaraman contributed to designing the
study, assisting with data collection, data analysis, super-
vision, and writing and revising the manuscript. Yifei
Sun contributed to designing the study, assisting with
data collection, supervision, and revising the manuscript.

ACKNOWLEDGMENTS

All the authors are practicing behavior analysts and
stand to benefit professionally and financially from publi-
cations attesting to the effectiveness of behavior-analytic
interventions.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Anonymized data are available from the first author
upon reasonable request.

ETHICS APPROVAL

The study was approved by the institutional review board
of the Fred Keller school, and informed consent was
obtained from all participants’ guardians.

ORCID

Maithri Sivaraman ‘© https://orcid.org/0000-0001-9886-
1199

Yifei Sun @ https://orcid.org/0000-0002-2321-4795
REFERENCES

Alcaraz, V. M., Casas, R. M., Padilla, A., & Puga, L. (1998). Operant,
respondent, and unconditioned reflex responses in language acqui-
sition. Mexican Journal of Behavior Analysis, 24(2), 239-269.
https://doi.org/10.5514/rmac.v1.i2.27106

Baum, W. M. (2012). Rethinking reinforcement: Allocation, induction,
and contingency. Journal of the Experimental Analysis of Behavior,
97(1), 101-124. https://doi.org/10.1901/jeab.2012.97-101

Baum, W. M. (2018). Three laws of behavior: Allocation, induction,
and covariance. Behavior Analysis: Research and Practice, 18(3),
239-251. https://doi.org/10.1037/bar0000104

Bordieri, M. J., Kellum, K. K., Wilson, K. G., & Whiteman, K. C.
(2016). Basic properties of coherence: Testing a core assumption of
relational frame theory. The Psychological Record, 66(1), 83-98.
https://doi.org/10.1007/s40732-015-0154-z

Cascio, C. J., Moore, D., & McGlone, F. (2019). Social touch and
human development. Developmental Cognitive Neuroscience, 35,
5-11. https://doi.org/10.1016/j.dcn.2018.04.009

Contaldo, A., Colombi, C., Narzisi, A., & Muratori, F. (2016). The
social effect of “being imitated” in children with autism spectrum
disorder. Frontiers in Psychology, 7, Article 726. https://doi.org/10.
3389/fpsyg.2016.00726

DeCasper, A. J., & Spence, M. J. (1986). Prenatal maternal speech
influences newborns’ perception of speech sounds. Infant Behav-
ior & Development, 9(2), 133-150. https://doi.org/10.1016/0163-
6383(86)90025-1

95UB01 7 SUOLILLIOD 3AIIRID 3cfedt [dde au Aq paue0b 8.2 Sao11e YO 9SN JO S3INJ 10} AIq1TUIIUQ AB]IM UO (SUOTPUOD-PUR-SULLBYW0D" A |IM A Teq 1 jBUUO//STIY) SUONIPUOD PuUe SWLB | 8U} 89S *[9202/90/T0] Uo Akelqi8ulluO A8]1A ‘Preog LoeoleD 1sAfeuY Jolreyes Ad 9800. BCRI/200T 0T/I0p/wod A& 1M Afeq 1 jpul|uo//sciy Wouy pspeojumod ‘ ‘6202 ‘S02E8E6T


https://orcid.org/0000-0001-9886-1199
https://orcid.org/0000-0001-9886-1199
https://orcid.org/0000-0001-9886-1199
https://orcid.org/0000-0002-2321-4795
https://orcid.org/0000-0002-2321-4795
https://doi.org/10.5514/rmac.v1.i2.27106
https://doi.org/10.1901/jeab.2012.97-101
https://doi.org/10.1037/bar0000104
https://doi.org/10.1007/s40732-015-0154-z
https://doi.org/10.1016/j.dcn.2018.04.009
https://doi.org/10.3389/fpsyg.2016.00726
https://doi.org/10.3389/fpsyg.2016.00726
https://doi.org/10.1016/0163-6383(86)90025-1
https://doi.org/10.1016/0163-6383(86)90025-1

INCREASING VOCALIZATIONS

863

Doupe, A. J., & Kuhl, P. K. (1999). Birdsong and human speech: Com-
mon themes and mechanisms. Annual Review of Neuroscience, 22,
567-631. https://doi.org/10.1146/annurev.neuro.22.1.567

Dowdy, A., Peltier, C., Tincani, M., Schneider, W. J.,
Hantula, D. A., & Travers, J. C. (2021). Meta-analyses and effect
sizes in applied behavior analysis: A review and discussion. Journal
of Applied Behavior Analysis, 54(4), 1317-1340. https://doi.org/10.
1002/jaba.862

Elmlinger, S. L., Schwade, J. A., & Goldstein, M. H. (2019). The ecol-
ogy of prelinguistic vocal learning: Parents simplify the structure
of their speech in response to babbling. Journal of Child Language,
46(5), 998-1011. https://doi.org/10.1017/S0305000919000291

Esch, B. E., & Sundberg, M. L. (2014). Early echoic skills assessment
(EESA). In M. Sundberg, VB-MAPP: Verbal behavior milestones
assessment and placement program: A language and social skills
assessment program for children with autism or other developmental
disabilities (pp. 42-48). Concord: AVB Press.

Fiani, T., Izquierdo, S. M., & Jones, E. A. (2021). Effects of mother’s
imitation on speech sounds in infants with Down syndrome.
Research in Developmental Disabilities, 119, Article 104118.
https://doi.org/10.1016/j.ridd.2021.104118

Field, T., Ezell, S., Nadel, J., Grace, A., Allender, S., and
Siddalingappa, V. (2013). Reciprocal imitation following adult
imitation by children with autism. Infant and Child Development,
22(6), 642-648. https://doi.org/10.1002/icd.1812

Field, T., Field, T., Sanders, C., & Nadel, J. (2001). Children with
autism display more social behaviors after repeated imitation ses-
sions. Autism: The International Journal of Research and Practice,
5(3), 317-323. https://doi.org/10.1177/1362361301005003008

Field, T. M., Guy, L., & Umbel, V. (1985). Infants’ responses to
mothers’ imitative behaviors. Infant Mental Health Journal, 6(1),
40-44. https://doi.org/10.1002/1097-0355(198521)6:1<40::AID-
IMHJ2280060107>3.0.CO;2-L

Goldstein, M. H., King, A. P., & West, M. J. (2003). Social interaction
shapes babbling: Testing parallels between birdsong and speech.
Proceedings of the National Academy of Sciences of the
United States of America, 100(13), 8030-8035. https://doi.org/10.
1073/pnas.1332441100

Goldstein, M. H., Schwade, J. A., & Bornstein, M. H. (2009). The value
of vocalizing: Five-month-old infants associate their own noncry
vocalizations with responses from caregivers. Child Development,
80(3), 636-644. https://doi.org/10.1111/1.1467-8624.2009.01287.x

Greer, R. D., Pohl, P., Du, L., & Moschella, J. L. (2017). The separate
development of children’s listener and speaker behavior and the
intercept as behavioral metamorphosis. Journal of Behavioral and
Brain Science, 7(13), 674-704. https://doi.org/10.4236/jbbs.2017.
713045

Gros-Louis, J., West, M. J., Goldstein, M. H., & King, A. P. (2006).
Mothers provide differential feedback to infants’ prelinguistic
sounds. International Journal of Behavioral Development, 30(6),
509-516. https://doi.org/10.1177/0165025406071914

Gros-Louis, J., West, M. J., & King, A. P. (2014). Maternal respon-
siveness and the development of directed vocalizing in social
interactions. Infancy, 19(4), 385-408. https://doi.org/10.1111/
infa.12054

Hayes, S. C. (1997). Behavior epistemology includes nonverbal know-
ing. In L. P. Hayes & P. M. Ghezzi (Eds.), Investigations in behav-
ioral epistemology (pp. 35-43). Context Press.

Hayes, S. C., & Sanford, B. T. (2014). Cooperation came first: Evolu-
tion and human cognition. Journal of the Experimental Analysis of
Behavior, 101(1), 112-129. https://doi.org/10.1002/jeab.64

Horne, P. J., & Lowe, C. F. (1996). On the origins of naming and other
symbolic behavior. Journal of the Experimental Analysis of Behav-
ior, 65(1), 185-241. https://doi.org/10.1901/jeab.1996.65-185

Ingham, P., & Greer, R. D. (1992). Changes in student and teacher
responses in observed and generalized settings as a function of
supervisor observations. Journal of Applied Behavior Analysis,
25(1), 153-164. https://doi.org/10.1901/jaba.1992.25-153

Ishizuka, Y., & Yamamoto, J. I. (2016). Contingent imitation increases
verbal interaction in children with autism spectrum disorders. Autism,
20(8), 1011-1020. https://doi.org/10.1177/1362361315622856

Kojima, S. (2008). Early vocal development in a chimpanzee infant. In
T. Matsuzawa (Ed.), Primate origins of human cognition and
behavior (pp. 190-196). Springer. https://doi.org/10.1007/978-4-
431-09423-4_9.

Kovics, A. M., Tauzin, T., Téglas, E., Gergely, G., & Csibra, G.
(2014). Pointing as epistemic request: 12-month-olds point to
receive new information. Infancy, 19(6), 543-557. https://doi.org/
10.1111/infa.12060

Lipkens, G., Hayes, S. C., & Hayes, L. J. (1993). Longitudinal study of
derived stimulus relations in an infant. Journal of Experimental
Child Psychology, 56(2), 201-239. https://doi.org/10.1006/jecp.
1993.1032

Long, H. L., Bowman, D. D., Yoo, H., Burkhardt-Reed, M. M.,
Bene, E. R., & Oller, D. K. (2020). Social and endogenous infant
vocalizations. PloS ONE, 15(8), Article €0224956. https://doi.org/
10.1371/journal.pone.0224956

Ma, H. H. (2006). An alternative method for quantitative synthesis of
single-subject research: Percentage of data points exceeding the
median. Behavior Modification, 30(5), 598-617. https://doi.org/10.
1177/0145445504272974

Masur, E. F., & Olson, J. (2008). Mothers’ and infants’ responses to
their partners’ spontaneous action and vocal/verbal imitation.
Infant Behavior and Development, 31(4), 704-715. https://doi.org/
10.1016/j.infbeh.2008.04.005

Mithen, S. (2024) The Language puzzle: How we talked our way out of

the Stone Age. Profile Books.

Morris, E. K. (1988). Contextualism: The world view of behavior analy-
sis. Journal of Experimental Child Psychology, 46(3), 289-323.
https://doi.org/10.1016/0022-0965(88)90063-X

Mundy, P., Block, J., Delgado, C., Pomares, Y., Van Hecke, A. V., &
Parlade, M. V. (2007). Individual differences and the development
of joint attention in infancy. Child Development, 78(3), 938-954.
https://doi.org/10.1111/j.1467-8624.2007.01042.x

Neimy, H., Pelaez, M., Monlux, K., Carrow, J., Tarbox, J., &
Weiss, M. J. (2020). Increasing vocalizations and echoics in infants
at risk of autism spectrum disorder. Behavior Analysis in Practice,
13(2), 467-472. https://doi.org/10.1007/s40617-020-00413-2

Oller, D. K., Caskey, M., Yoo, H., Bene, E. R., Jhang, Y., Lee, C. C.,
Bowman, D. D., Long, H. L., Buder, E. H., & Vohr, B. (2019).
Preterm and full term infant vocalization and the origin of lan-
guage. Scientific Reports, 9(1), Article 14734. https://doi.org/10.
1038/s41598-019-51352-0

Oller, D. K., Eilers, R. E., Neal, A. R., & Cobo-Lewis, A. B. (1998).
Late onset canonical babbling: A possible early marker of abnor-
mal development. American Journal on Mental Retardation,
103(3), 249-263. https://doi.org/10.1352/08958017(1998)103<0249:
LOCBAP>2.0.CO;2

Oller, D. K., Ramsay, G., Bene, E., Long, H. L., & Griebel, U. (2021).
Protophones, the precursors to speech, dominate the human infant
vocal landscape. Philosophical Transactions of the Royal Society
B, 376(1836), Article 20200255. https://doi.org/10.1098/rstb.2020.
0255

Palmer, D. C. (1996). Achieving parity: The role of automatic reinforce-
ment. Journal of the Experimental Analysis of Behavior, 65(1),
289-290. https://doi.org/10.1901/jeab.1996.65-289

Parker, R. 1., Vannest, K. J., & Davis, J. L. (2011). Effect size in single-
case research: A review of nine nonoverlap techniques. Behavior
Modification, 35(4), 303-322. https://doi.org/10.1177/
0145445511399147

Pelaez, M., Borroto, A. R., & Carrow, J. (2018). Infant vocalizations
and imitation as a result of adult contingent imitation. Behavioral
Development, 23(1), 81-88. https://doi.org/10.1037/bdb0000074

Pelaez, M., & Novak, G. (2024). Language development and behavioral
systems. The Psychological Record, 74(4), 555-572. https://doi.org/
10.1007/s40732-023-00578-6

95UB01 7 SUOLILLIOD 3AIIRID 3cfedt [dde au Aq paue0b 8.2 Sao11e YO 9SN JO S3INJ 10} AIq1TUIIUQ AB]IM UO (SUOTPUOD-PUR-SULLBYW0D" A |IM A Teq 1 jBUUO//STIY) SUONIPUOD PuUe SWLB | 8U} 89S *[9202/90/T0] Uo Akelqi8ulluO A8]1A ‘Preog LoeoleD 1sAfeuY Jolreyes Ad 9800. BCRI/200T 0T/I0p/wod A& 1M Afeq 1 jpul|uo//sciy Wouy pspeojumod ‘ ‘6202 ‘S02E8E6T


https://doi.org/10.1146/annurev.neuro.22.1.567
https://doi.org/10.1002/jaba.862
https://doi.org/10.1002/jaba.862
https://doi.org/10.1017/S0305000919000291
https://doi.org/10.1016/j.ridd.2021.104118
https://doi.org/10.1002/icd.1812
https://doi.org/10.1177/1362361301005003008
https://doi.org/10.1002/1097-0355(198521)6:1%3C40::AID-IMHJ2280060107%3E3.0.CO;2-L
https://doi.org/10.1002/1097-0355(198521)6:1%3C40::AID-IMHJ2280060107%3E3.0.CO;2-L
https://doi.org/10.1073/pnas.1332441100
https://doi.org/10.1073/pnas.1332441100
https://doi.org/10.1111/j.1467-8624.2009.01287.x
https://doi.org/10.4236/jbbs.2017.713045
https://doi.org/10.4236/jbbs.2017.713045
https://doi.org/10.1177/0165025406071914
https://doi.org/10.1111/infa.12054
https://doi.org/10.1111/infa.12054
https://doi.org/10.1002/jeab.64
https://doi.org/10.1901/jeab.1996.65-185
https://doi.org/10.1901/jaba.1992.25-153
https://doi.org/10.1177/1362361315622856
https://doi.org/10.1007/978-4-431-09423-4_9
https://doi.org/10.1007/978-4-431-09423-4_9
https://doi.org/10.1111/infa.12060
https://doi.org/10.1111/infa.12060
https://doi.org/10.1006/jecp.1993.1032
https://doi.org/10.1006/jecp.1993.1032
https://doi.org/10.1371/journal.pone.0224956
https://doi.org/10.1371/journal.pone.0224956
https://doi.org/10.1177/0145445504272974
https://doi.org/10.1177/0145445504272974
https://doi.org/10.1016/j.infbeh.2008.04.005
https://doi.org/10.1016/j.infbeh.2008.04.005
https://doi.org/10.1016/0022-0965(88)90063-X
https://doi.org/10.1111/j.1467-8624.2007.01042.x
https://doi.org/10.1007/s40617-020-00413-2
https://doi.org/10.1038/s41598-019-51352-0
https://doi.org/10.1038/s41598-019-51352-0
https://doi.org/10.1352/08958017(1998)103%3C0249:LOCBAP%3E2.0.CO;2
https://doi.org/10.1352/08958017(1998)103%3C0249:LOCBAP%3E2.0.CO;2
https://doi.org/10.1098/rstb.2020.0255
https://doi.org/10.1098/rstb.2020.0255
https://doi.org/10.1901/jeab.1996.65-289
https://doi.org/10.1177/0145445511399147
https://doi.org/10.1177/0145445511399147
https://doi.org/10.1037/bdb0000074
https://doi.org/10.1007/s40732-023-00578-6
https://doi.org/10.1007/s40732-023-00578-6

864 |

SUN ET AL.

Peldez, M., Gewirtz, J., Sanchez, A., & Mahabir, N. (2000). Exploring
stimulus equivalence formation in infants. Behavior Development
Bulletin, 9(1), 20-25. https://doi.org/10.1037/h0100534

Peldez, M., Virues-Ortega, J., & Gewirtz, J. L. (2011). Reinforcement of
vocalizations through contingent vocal imitation. Journal of
Applied Behavior Analysis, 44(1), 33-40. https://doi.org/10.1901/
jaba.2011.44-33

Peldez-Nogueras, M., Gewirtz, J. L., Field, T., Cigales, M.,
Malphurs, J., Clasky, S., & Sanchez, A. (1996). Infants’ preference
for touch stimulation in face-to-face interactions. Journal of
Applied Developmental Psychology, 17(2), 199-213. https://doi.org/
10.1016/S0193-3973(96)90025-8

Pepperberg I. M. (2006). Ordinality and inferential abilities of a grey
parrot (Psittacus erithacus). Journal of Comparative Psychology,
120(3), 205-216. https://doi.org/10.1037/0735-7036.120.3.205

Petrovich, S. B., & Gewirtz, J. L. (1984). Learning in the context of evo-
lutionary biology: In search of synthesis. Behavioral and Brain Sci-
ences, 7(1), 160-161. https://doi.org/10.1017/S0140525X00026662

Petrovich, S. B., & Gewirtz, J. L. (1985). The attachment learning pro-
cess and its relation to cultural and biological evolution: Proximate
and ultimate considerations. In M. Reite & T. Field (Eds.), The
psychobiology of attachment and separation (pp. 257-289). Aca-
demic Press. https://doi.org/10.1016/B978-0-12-586780-1.50013-6

Pilley, J. W., & Reid, A. K. (2011). Border collie comprehends object
names as verbal referents. Behavioural Processes, 86(2), 184-195.
https://doi.org/10.1016/j.beproc.2010.11.007

Pohl, P., Douglas Greer, R., Du, L., & Lee Moschella, J. (2018). Verbal
development, behavioral metamorphosis, and the evolution of lan-
guage. Perspectives on Behavior Science, 43(1), 215-232. https://
doi.org/10.1007/s40614-018-00180-0

Poulson, C. L., & Kymissis, E. (1988). Generalized imitation in infants.
Journal of Experimental Child Psychology, 46(3), 324-336. https://
doi.org/10.1016/0022-0965(88)90064-1

Provenzi, L., Rosa, E., Visintin, E., Mascheroni, E., Guida, E.,
Cavallini, A., & Montirosso, R. (2020). Understanding the role
and function of maternal touch in children with neurodevelopmen-
tal disabilities. Infant Behavior and Development, 58, Article
101420. https://doi.org/10.1016/j.infbeh.2020.101420

Sanefuji, W., & Ohgami, H. (2011). Imitative behaviors facilitate com-
municative gaze in children with autism. Infant Mental Health
Journal, 32(1), 134-142. https://doi.org/10.1002/imhj.20287

Sanefuji, W., & Ohgami, H. (2013). “Being-imitated” strategy at home-
based intervention for young children with autism. Infant Mental
Health Journal, 34(1), 72-79. https://doi.org/10.1002/imhj.21375

Schauffler, G., & Greer, R. D. (2006). The effects of intensive tact
instruction on audience-accurate tacts and conversational units.
Journal of Early and Intensive Behavior Intervention, 3(1), 121-134.
https://doi.org/10.1037/h0100326

Schlinger, H. D., Jr. (1995). A behavior analytic view of child develop-
ment. Plenum Press. https://doi.org/10.1007/978-1-4757-8976-8

Sclafani, V., De Pascalis, L., Bozicevic, L., Sepe, A., Ferrari, P. F., &
Murray, L. (2023). Similarities and differences in the functional
architecture of mother-infant communication in rhesus macaque
and British mother-infant dyads. Scientific Reports, 13(1), Article
13164. https://doi.org/10.1038/s41598-023-39623-3

Scruggs, T. E., Mastropieri, M. A., Cook, S. B., & Escobar, C. (1986).
Early intervention for children with conduct disorders: A quantita-
tive synthesis of single-subject research. Behavioral Disorders,
11(4), 260-271. https://doi.org/10.1177/019874298601100408

Selinske, J. E., Greer, R. D., & Lodhi, S. (1991). A functional analysis
of the comprehensive application of behavior analysis to school-
ing. Journal of Applied Behavior Analysis, 24(1), 107-117. https://
doi.org/10.1901/jaba.1991.24-107

Singer-Dudek, J., Keohane, D. D., Matthews, K. (2021). Educational
systems administration: The comprehensive application of behav-
ior analysis to schooling (CABAS®) model. In A. Maragakis, C.
Drossel, & T. J. Waltz, (Eds.), Applications of behavior analysis in
healthcare and beyond (pp. 369-387). Springer. https://doi.org/10.
1007/978-3-030-57969-2_17

Sivaraman, M., Barnes-Holmes, D., & Roeyers, H. (2021). Nonsimulta-
neous stimulus presentations and their role in listener naming.
Journal of the Experimental Analysis of Behavior, 116(3), 300-313.
https://doi.org/10.1002/jeab.715

Sivaraman, M., Barnes-Holmes, D., Greer, R. D., Fienup, D. M., &
Roeyers, H. (2023). Verbal behavior development theory and rela-
tional frame theory: Reflecting on similarities and differences.
Journal of the Experimental Analysis of Behavior, 119(3), 539-553.
https://doi.org/10.1002/jeab.836

Skinner, B. F. (1953). Some contributions of an experimental analysis
of behavior to psychology as a whole. American Psychologist, 8(2),
69-78. https://doi.org/10.1037/h0054118

Skinner, B. F. (1957). Verbal behavior. Appleton-Century-Crofts.
https://doi.org/10.1037/11256-000

Skinner, B. F. (1966). The phylogeny and ontogeny of behavior: Con-
tingencies of reinforcement throw light on contingencies of sur-
vival in the evolution of behavior. Science, 153(3741), Article
1205. https://doi.org/10.1126/science.153.3741.1205

Slaughter, V., & Ong, S. S. (2014). Social behaviors increase more when
children with ASD are imitated by their mother vs. an unfamiliar
adult. Autism Research, 7(5), 582-589. https://doi.org/10.1002/aur.
1392

Soldati, A., Muhumuza, G., Dezecache, G., Fedurek, P., Taylor, D.,
Call, J., & Zuberbiihler, K. (2023). The ontogeny of vocal
sequences: Insights from a newborn wild chimpanzee (Pan troglo-
dytes schweinfurthii). International Journal of Primatology, 44(1),
116-139. https://doi.org/10.1007/s10764-022-00321-y

Urbaniak, G. C., & Plous, S. (2013). Research randomizer (Version 4.0)
[Computer application]. http://www.randomizer.org/

Vollmer, T. R., Ringdahl, J. E., Roane, H. S., & Marcus, B. A. (1997).

Negative side effects of noncontingent reinforcement. Journal of

Applied Behavior Analysis, 30(1), 161-164. https://doi.org/10.1901/
jaba.1997.30-161

Walden, T. A., & Ogan, T. A. (1988). The development of social refer-
encing. Child Development, 59(5), 1230-1240. https://doi.org/10.
1111/.1467-8624.1988.tb01492.x

Wilson, K. G., & Hayes, S. C. (1996). Resurgence of derived stimulus
relations. Journal of the Experimental Analysis of Behavior, 66(3),
267-281. https://doi.org/10.1901/jeab.1996.66-267

Yoo, H., Su, P. L., Ramsay, G., Long, H. L., Bene, E. R., &
Oller, D. K. (2024). Infant vocal category exploration as a founda-
tion for speech development. PloS one, 19(5), Article €0299140.
https://doi.org/10.1371/journal.pone.0299140

Zentall, T. R. (2004). Action imitation in birds. Learning & Behavior,
32(1), 15-23. https://doi.org/10.3758/BF03196003

How to cite this article: Sun, T., Sivaraman, M., &
Sun, Y. (2025). Repeat after you: Contingent vocal
imitation increases children’s vocalizations and
orienting responses. Journal of Applied Behavior
Analysis, 58(4), 852-864. https://doi.org/10.1002/

jaba.70036

95UB01 7 SUOLILLIOD 3AIIRID 3cfedt [dde au Aq paue0b 8.2 Sao11e YO 9SN JO S3INJ 10} AIq1TUIIUQ AB]IM UO (SUOTPUOD-PUR-SULLBYW0D" A |IM A Teq 1 jBUUO//STIY) SUONIPUOD PuUe SWLB | 8U} 89S *[9202/90/T0] Uo Akelqi8ulluO A8]1A ‘Preog LoeoleD 1sAfeuY Jolreyes Ad 9800. BCRI/200T 0T/I0p/wod A& 1M Afeq 1 jpul|uo//sciy Wouy pspeojumod ‘ ‘6202 ‘S02E8E6T


https://doi.org/10.1037/h0100534
https://doi.org/10.1901/jaba.2011.44-33
https://doi.org/10.1901/jaba.2011.44-33
https://doi.org/10.1016/S0193-3973(96)90025-8
https://doi.org/10.1016/S0193-3973(96)90025-8
https://doi.org/10.1037/0735-7036.120.3.205
https://doi.org/10.1017/S0140525X00026662
https://doi.org/10.1016/B978-0-12-586780-1.50013-6
https://doi.org/10.1016/j.beproc.2010.11.007
https://doi.org/10.1007/s40614-018-00180-0
https://doi.org/10.1007/s40614-018-00180-0
https://doi.org/10.1016/0022-0965(88)90064-1
https://doi.org/10.1016/0022-0965(88)90064-1
https://doi.org/10.1016/j.infbeh.2020.101420
https://doi.org/10.1002/imhj.20287
https://doi.org/10.1002/imhj.21375
https://doi.org/10.1037/h0100326
https://doi.org/10.1007/978-1-4757-8976-8
https://doi.org/10.1038/s41598-023-39623-3
https://doi.org/10.1177/019874298601100408
https://doi.org/10.1901/jaba.1991.24-107
https://doi.org/10.1901/jaba.1991.24-107
https://doi.org/10.1007/978-3-030-57969-2_17
https://doi.org/10.1007/978-3-030-57969-2_17
https://doi.org/10.1002/jeab.715
https://doi.org/10.1002/jeab.836
https://doi.org/10.1037/h0054118
https://doi.org/10.1037/11256-000
https://doi.org/10.1126/science.153.3741.1205
https://doi.org/10.1002/aur.1392
https://doi.org/10.1002/aur.1392
https://doi.org/10.1007/s10764-022-00321-y
http://www.randomizer.org/
https://doi.org/10.1901/jaba.1997.30-161
https://doi.org/10.1901/jaba.1997.30-161
https://doi.org/10.1111/j.1467-8624.1988.tb01492.x
https://doi.org/10.1111/j.1467-8624.1988.tb01492.x
https://doi.org/10.1901/jeab.1996.66-267
https://doi.org/10.1371/journal.pone.0299140
https://doi.org/10.3758/BF03196003
https://doi.org/10.1002/jaba.70036
https://doi.org/10.1002/jaba.70036

	Repeat after you: Contingent vocal imitation increases children's vocalizations and orienting responses
	Abstract
	METHOD
	Participants
	Setting
	Dependent variables and response measurement
	Experimental design and data analysis
	General procedure
	Control
	Contingent vocal imitation
	Noncontingent vocal imitation
	Noncontingent physical touch
	Contingent social interaction

	Interobserver agreement and procedural fidelity

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS APPROVAL
	ORCID
	REFERENCES


