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An important communication skill for children with autism is answering multiple questions
about visual stimuli (e.g., “What is it?” “What color is it?”). We targeted answering “What num-
ber?” and “What shape?” in the presence of numbers inside shapes, and “What is it?” and “What
color?” in the presence of colored objects (e.g., a yellow cat) with 3 preschoolers with autism. In
addition to a progressive time delay, we required the participants to answer the questions by
echoing a keyword from the questions. For example, we taught them to answer, “What color?”
with “color blue.” In the context of a multiple-probe design across behaviors within a multiple-
probe design across participants, the procedure was effective in increasing trained responses and
producing within- and across-category generalization. The echoic may have facilitated the
responses by increasing the salience of the auditory stimuli and strengthening intraverbals within
autoclitic frames.
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Multiply controlled verbal behavior is an
integral part of language development (Michael
et al., 2011; Pence Turnbull & Justice, 2012).
Examples include tacting multiple visual stimuli
(Miguel et al., 2005), emitting intraverbals
under the control of multiple verbal stimuli
(i.e., convergent multiple control; DeSouza
et al., 2019; Devine et al., 2016), and emitting
multiple verbal responses under the control of a
verbal stimulus (i.e., divergent multiple control;

Glodowski & Rodriguez, 2019). Multiply con-
trolled verbal behavior occurs routinely when
parents tact and ask questions about object fea-
tures while holding them up to their young
children (e.g., “This is a doll. It has two eyes.
What else does it have?”; Floor &
Akhtar, 2006; Miguel, 2016). Sometimes par-
ents wait to initiate verbal interactions about an
object until they notice their child paying
attention to it by pointing to or playing with it
(Horne & Lowe, 1996). For children with
autism, this language learning does not happen
purely incidentally (Tager-Flusberg
et al., 2011), and there is limited research on
teaching multiply controlled verbal behavior to
children with autism (DeSouza et al., 2017;
Stauch et al., 2017).
Two behavior analytic accounts of language

learning suggest that echoic responses facilitate

We thank Melanie McCarthy-Pepin, Jason Pepin, and
Taylor Murphy of Behavioral Connections for their
invaluable on-site support of this study. We also thank
Gretchen Dittrich and Philip Chase for their feedback on
earlier versions of this manuscript. We have no conflicts
of interest relevant to this article to disclose.
Address correspondence to: Judah B. Axe, Department

of Behavior Analysis, Simmons University, Room
W304A, 300 The Fenway, Boston, MA 02115.
Email: judah.axe@simmons.edu
doi: 10.1002/jaba.790

Journal of Applied Behavior Analysis 2020, 9999, 1–19 NUMBER 9999 ()

© 2020 Society for the Experimental Analysis of Behavior (SEAB)

1

https://orcid.org/0000-0001-9510-0896
https://orcid.org/0000-0001-6182-2145
https://orcid.org/0000-0002-5733-3709


the acquisition of multiply controlled verbal
behavior. In the naming account, when an
adult names an object, the child echoes the
word, which is part of the explanation for
tacting the object later without direct training
(Horne & Lowe, 1996). In the analysis of joint
control, selecting the correct comparison in an
auditory–visual conditional discrimination task
(i.e., receptive discrimination) is facilitated by a
match between the product of the echoic of the
spoken sample and the product of the tact of
the correct comparison (Lowenkron, 2006).
Researchers have examined the role of the
echoic in facilitating multiply controlled verbal
behavior, including receptive discrimination
(Charlop, 1983; Petursdottir et al., 2014) and
intraverbals (Kisamore et al., 2013, 2016).
Receptive discrimination is multiply con-

trolled by the verbal stimulus (e.g., “Find dog”)
and the nonverbal stimulus (e.g., the picture of
the dog). Charlop (1983) demonstrated the
efficacy of requiring children with autism and
echolalia to echo the “keyword” before the
selection. For example, a participant heard,
“Find boat,” repeated “boat,” and then pointed
to the boat. Causin et al. (2013) presented
10-12 picture cards and asked children with
autism to hand over three pictures (e.g., “Give
me the horse, pig, and sheep”). The procedure,
based on joint control, required the participants
to repeatedly echo and self-echo the three key-
words (e.g., “horse, pig, sheep”).
Researchers have targeted multiply controlled

intraverbals that involve discriminating ques-
tions such as, “What’s an animal that’s red?”
and “What’s a vehicle that’s red?” (Kisamore
et al., 2016), as well as “What do you sweep?”
and “What do you sweep with?” (Ingvarsson
et al., 2016). Correct intraverbal responding to
such questions requires the response to come
under the multiple control of two verbal stim-
uli (e.g., “animal” and “red,” “sweep” and
“with”; Axe, 2008; Eikeseth & Smith, 2013;
Sundberg & Sundberg, 2011). For example,
when teaching intraverbal responses to question

pairs such as, “Name the opposite of tall” and
“Name the same as tall” to typically developing
preschoolers, Kisamore et al. (2013) first
showed that constant time delay, differential
reinforcement, error correction, and errorless
teaching were ineffective. They then required
the differential observing response (DOR;
Farber et al., 2017; Fisher et al., 2019) of echo-
ing the instruction. For example, the instructor
stated, “Name the opposite of tall” and then,
“You say it.” Echoing “opposite tall” facilitated
correct intraverbal responding. Kisamore
et al. (2016) extended these results with a
DOR of echoing keywords (e.g., saying, “fruit
green” after “Tell me a fruit that’s green”).
Echoing the keywords may have enhanced their
salience and led to correct intraverbal
responses.
For another type of multiply controlled ver-

bal behavior, consider a child who is asked
“What is it?” in the presence of a blue car and
“What color?” in the presence of a red ball. In
each case, a correct response must be under the
stimulus control of a verbal (i.e., the question)
and a nonverbal (i.e., the object) stimulus or
stimulus property (e.g., the color [i.e., a condi-
tional discrimination]). The question, “What
color?” evokes “red” only if both the verbal
stimulus (i.e., “color”) and the nonverbal prop-
erty of the ball (i.e., red) multiply control the
response (Michael et al., 2011). This multiply
controlled response is part intraverbal and part
tact (i.e., an intraverbal-tact; Bondy
et al., 2004) and is addressed in Milestone
11 in the tact section of the Verbal Behavior
Milestones Assessment and Placement Program
(VB-MAPP; Sundberg, 2008). If a child
responds incorrectly, such as saying “ball” when
asked “What color?”, the verbal stimulus may
not be exerting stimulus control over the
response, a situation indicative of restricted stim-
ulus control or stimulus overselectivity (Dube
et al., 2010, 2016).

degli Espinosa et al. (2020) evaluated a
three-step procedure for teaching intraverbal-
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tacts to two children with autism. They
targeted three groups of questions: number ver-
sus color (i.e., “What number?” and “What
color?” when presenting different colored num-
bers), object versus color (i.e., “What is it?” and
“What color?” when presenting different col-
ored objects), and animal versus animal sound
(i.e., “What is it?” and “What does it say?”
when presenting animals). The first step of the
intervention was echoic training with relevant
verbal stimuli (e.g., echoing “color green,”
“number two,” “it’s a cat,” “it says meow”).
This procedure aimed to establish intraverbal
control between the fixed class terms
(e.g., “color”) and variable terms (e.g., “green”).
The second step was simultaneous simple dis-
crimination training in which each session con-
tained one question in the presence of multiple
pictures and prompts to answer with an echoic
of the keyword in the question and the tact
(e.g., saying “color blue” in the presence of
“What color?” and a blue card). The purpose
of this step was to establish control between
the verbal antecedent (e.g., colors) and the non-
verbal property of the visual stimulus
(e.g., blue). The third step was intraverbal-tact
training in which the experimenter asked two
questions in the same session (e.g., “What
color?” and “What number?”), randomly
rotated across compound stimuli. As demon-
strated in a multiple-baseline design across
behaviors, this three-step training procedure
resulted in the acquisition of intraverbal-tact
responses, as well as generalization within
(e.g., novel colors) and across (e.g., novel visual
stimuli) stimulus classes.
Responding with the echoic and the tact,

such as “color blue,” may be described as
responding with an autoclitic frame that has
formal structure and temporal contiguity of
words (Palmer, 2007; Skinner, 1957). The
structure is the functional feature of an
autoclitic frame that provides additional
intraverbal control (i.e., temporal contiguity)
for answering questions. In other words,

reinforcement for echoing a class word
(e.g., “number”) in temporal contiguity with
members-of-that-class words (e.g., “four,”
“seven”) strengthens the intraverbal relations
and future probability of emitting member
words matching stated class words
(Palmer, 2007).
Considering the potential facilitative effects

of echoic behavior on listener and intraverbal
behavior, the purpose of the current study was
to examine the effects of requiring echoic
responses in the context of time delay on
trained and novel intraverbal-tacts with chil-
dren with autism. This study extended degli
Espinosa et al. (2020) in several ways. First, we
omitted the initial echoic training phase and
prompted echoics in the context of intraverbal-
tact training. Second, we used the conditional-
only method of conditional discrimination
training rather than the simple-conditional
method (Grow et al., 2011). Third, we used a
multiple-probe design across behaviors within a
multiple-probe design across participants.

Method

Participants
The three participants were diagnosed with

autism and received center-based behavior ana-
lytic services for 4-6 hr per day, 5 days per
week, for at least a year prior to the study. All
participants had strong attending skills, such as
orienting to the instructor, looking at materials,
and shifting gaze between materials and the
instructor. Mark was 5 years 1 month and
scored at the beginning of Level 3 (score of
122) of the VB-MAPP (Sundberg, 2008).
Because strong listener responding was required
in this study, we report that Mark mastered
Milestone 12 (M-12) for Listener Responding
(LR) and M-8 for Listener Responding by Fea-
ture, Function, and Class (LRFFC). Mark was
multiracial, spoke English at home, and lived
with his mother, father, older sister, and older

3Requiring Echoics for Intraverbal-Tacts



brother. His mother was a business owner, and
his father was a ground agent for an airline.
David was 5 years 8 months and scored at

the beginning of Level 3 (score of 133) of the
VB-MAPP. He mastered M-14 for LR and M-
13 for LRFFC. David was African American,
spoke English at home, and with his older sis-
ter, spent equal time with his separated mother
and father. David’s mother had attended col-
lege and worked for an insurance company and
his father held a master’s degree and taught at a
community college. Jack was 3 years 7 months
and scored at Level 2 (score of 75) of the VB-
MAPP. He mastered M-14 for LR and M-8
for LRFFC. Jack was Caucasian, spoke English
at home, and lived with his mother, father,
older brother, and paternal grandmother. Jack’s
parents held master’s degrees and were special
education teachers. Part of Mark’s and Jack’s
education was spent in an integrated preschool
with assistance from a Registered Behavior
Technician.

Preassessments
To be included in the study, participants

had to (a) echo two-word phrases (e.g., “love
mommy,” “shape circle”), as well as one four-
word phrase (i.e., “it is a cat”), with 100%
accuracy; (b) tact the colors, numbers, shapes,
and objects targeted in the study with 100%
accuracy; (c) emit approximately 150-200 tacts;
(d) demonstrate at least a “moderate problem”
on the “Failure to Make Conditional Discrimi-
nations” barrier of the VB-MAPP; and
(e) demonstrate below 75% correct responses
during two 12-trial preassessment intraverbal-
tact sessions with visual stimuli not targeted in
the study (see Figures 1 and 2).
Preassessments of these repertoires consisted

of the following methods. First, the experi-
menter assessed echoic behavior by asking each
participant to repeat 15 phrases similar in
length to the responses targeted in the study
(e.g., “number five,” “it is a cat”). Second,

because we did not want to expose the partici-
pants to the questions used in the experiment
(e.g., “What color?”), we assessed tact reper-
toires using a pointing procedure. To test tacts
of colors, the experimenter placed six colored
cards (brown, yellow, green, purple, blue, and
red) on the table in front of the participant and
modeled tacting the first two cards while
pointing to them. Then the experimenter
pointed to the third card (and so on) and
waited for the participant to tact the color. The
mastery criterion was tacting each stimulus cor-
rectly twice (i.e., 12 trials; did not include
modeled trials). The experimenter used the
same procedure to test tacting six numbers by
presenting cards with black numbers (1-6) on a
white background, shapes by presenting cards
with black shapes (circle, diamond, star, square,
triangle, and oval) on a white background, and
objects by presenting two-dimensional visual
stimuli (pictures of: purple cup, blue cat, red
flower, green spoon, yellow hat, brown car).
Third, to assess intraverbal-tacts, the experi-

menter presented one picture at a time in front
of the participant (marked PA in Figures 1 and
2) and asked, “What shape?” and “What num-
ber?” in the first 12-trial session, and “What is
it?” and “What color?” in the second 12-trial
session. All procedures were the same as the
probe procedures (see below), except there were
no interspersed mastered trials. The experi-
menter did not deliver prompts and said,
“Good job” after correct and incorrect
responses.

Setting and Materials
The study took place at the participants’

center-based program, a primarily insurance-
funded, for-profit organization providing ABA
services located in a suburb in Southeast Massa-
chusetts. The center has six ABA classrooms
with 5-6 students in each class, as well as a
state-approved inclusive preschool program
with two classrooms. Sessions were conducted
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in a quiet room containing a table with chairs,
tangible reinforcers (e.g., toy train, iPad), edible
reinforcers (Goldfish, gummy bears), picture
cards (10 x 10 cm), a video camera, and data
sheets with the prescribed sequence of ques-
tions and visual stimuli.
Category 1 stimuli (shape/number) were

organized into a matrix table (see Figure 1) and
consisted of six numbers (1-6) written on six
shapes (circle, triangle, square, oval, star, and
diamond; see Figure 3). Category 2 stimuli
(object/color) were organized into a matrix table
(see Figure 2) and consisted of colored objects

(e.g., yellow cat) created from six objects (cup,
cat, flower, spoon, hat, and car) and six colors
(brown, yellow, green, purple, blue, and red; see
Figure 4). Cross-category stimuli included three
sets of stimuli with visual components combined
from Categories 1 and 2 (see Figure 5).
As displayed in Figures 1 and 2, we distrib-

uted stimuli in Categories 1 and 2 evenly into
three subsets: (a) both visual components
trained (Trained); (b) generalization with one
visual component trained (Gen1); and
(c) generalization with no visual components
trained (Gen2).

Figure 1
Distribution of Stimuli Across Conditions for Category 1 (Shape/Number)

Circle Square Triangle 
Shape 

Number 
Oval Star Diamond 

1 Trained Gen1 PA 

2 Gen1 Trained PA 

3 Gen1 Trained PA 

4 PA Gen2 

5 PA Gen2 

6 PA Gen2 

Note. Trained = Trained stimuli; Gen1 = generalization stimuli with one component trained; 

Gen2 = generalization stimuli with both components untrained; PA = preassessment stimuli. 

Figure 2
Distribution of Stimuli Across Conditions for Category 2 (Object/Color)

Object 

Color  
Cup Cat Flower Spoon Hat Car 

Brown Trained Gen1 PA 

Yellow Gen1 Trained PA 

Green Gen1 Trained PA 

Purple PA Gen2 

Blue PA Gen2 

Red PA Gen2 

Note. Trained = Trained stimuli; Gen1 = generalization stimuli with one component trained; 

Gen2 = generalization stimuli with both components untrained; PA = preassessment stimuli. 

5Requiring Echoics for Intraverbal-Tacts



Dependent Variable
The primary dependent variable (DV1) was

the percentage of correct intraverbal-tacts dur-
ing probes. A correct response was defined as
saying a word corresponding to the feature of
the visual stimulus indicated by the question
within 5 s. For example, when shown a picture
of a yellow cat and asked, “What color?” the
participant responded, “yellow.” An incorrect
response would be saying “blue” or “cat.” Even
though in training we required the echoic and
tact (e.g., “color yellow”), a response in the
probe with or without the echoic was consid-
ered correct. A secondary dependent variable

(DV2) was the percentage of responses with
correct question discrimination. For example,
when shown a picture of a yellow cat and
asked, “What color?” the participant responded,
“green.” This was correct for this dependent
variable because the participant discriminated
the question by saying a color, whether or not
the stated color matched the visual stimulus.
An incorrect response for DV2 would be say-
ing, “cat” because there was incorrect question
discrimination (i.e., saying the object instead of
the color). The instructor conducting sessions
collected the data.

Interobserver Agreement
To assess interobserver agreement, the first

author collected data on the dependent vari-
ables for 100% of probes across all participants
and phases. Trial-by-trial agreement averaged
95% (range, 75%-100%) during baseline pro-
bes and 100% during posttraining probes for
Mark, 97% (range, 83%-100%) during base-
line probes and 98% (range, 83%-100%) dur-
ing posttraining probes for David, and 96%
(range, 58%-100%) during baseline probes and
100% during posttraining probes for Jack.

Figure 4
Category 2 Stimuli Across the Trained, Gen1, and Gen2
Subsets

Trained Gen1 Gen2 

Brown cup Yellow cup Purple spoon 

Yellow cat Green cat Blue hat 

Green flower Brown flower Red car 

Figure 5
Cross-Category Stimuli

2-component stimuli 

number/color 

2-component stimuli 

shape/color 

3-component stimuli 

shape/number/color 

Blue five Blue oval Red oval 

Purple four Red star Purple star 

Red six Purple diamond 

5

Blue diamond 

5 6

4

5

4 

6 

Figure 3
Category 1 Stimuli Across the Trained, Gen1, and Gen2
Subsets

Trained Gen1 Gen2 

2 

3 

21

1

3

4

5

6
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Procedural Integrity
The first author measured procedural integ-

rity from videotapes during a portion of the
training sessions for all training conditions and
participants. For Mark, scores averaged 98%
(range, 90-100%) during 41% of training ses-
sions, 97% (range, 92-100%) during 57% of
massed trial training sessions, 100% during
50% of tact training sessions, and 99% (range,
98-100%) during 32% of retention training
sessions. For David, scores averaged 97%
(range, 91-100%) during 34% of training ses-
sions, 99% (range, 98-100%) during 36% of
massed trial training sessions, 100% during
40% of tact training sessions, and 100% during
42% of retention training sessions. For Jack,
scores averaged 100% during 40% of training
sessions and 38% of retention training sessions.
Jack did not receive massed trial or tact
training.

Experimental Design
We used a multiple-probe design across

behaviors embedded in a concurrent multiple-

probe design across participants. We con-
ducted probes in clusters of the three subsets:
Trained, Gen1, and Gen2; always in that
order. After a stable baseline with Category
1 (shape/number) for Mark, we trained Cate-
gory 1 with Mark. After an increase in post-
training probes for Category 1 with Mark, we
demonstrated a stable baseline, training, and
an improvement in posttraining probes with
Category 2 (object/color) with Mark and Cate-
gory 1 with David. Then we did the same
with Category 2 with David and Category
1 with Jack. This design allowed us to attempt
to demonstrate experimental control across
participants (across behaviors, or categories), as
well as within participants in case responding
generalized from one category to the other. In
addition, baseline cross-category probes
occurred after the first Category 1 and 2 base-
line probes. Posttraining cross-category probes
occurred after the posttraining probes of Cate-
gory 1 and Category 2, as well as intermit-
tently with subsequent posttraining probes.
We conducted two consecutive posttraining
cross-category probes at the end of David’s
analysis due to unresolved tact errors. See
Table 1 for the general sequence of
conditions.

Instructor Training
The first author implemented behavioral

skills training (Parsons et al., 2012) with a
Board Certified Behavior Analyst®-level
instructor who conducted all sessions. The
training procedures were: (a) providing a
written protocol describing the experimental
steps, (b) vocally describing the procedures,
(c) asking the instructor questions about the
procedures (e.g., “When would you move the
participant from a 2-s delay to a 1-s delay?”),
(d) demonstrating the skills, and (e) asking
the instructor to practice the steps while pro-
viding corrective feedback. Once the instruc-
tor showed proficiency in the procedures, she
was prepared to start baseline probes.

Table 1

General Sequence of Procedural Steps for All Participants

Steps Procedures Stimulus Sets

1 Baseline probes Trained-C1 (Shape/Number)
Gen1-C1
Gen2-C1
Trained-C2 (Object/Color)
Gen1-C2
Gen2-C2

2 Cross-category probes Shape/Number/Color
Shape/Color
Number/Color

3 Training Trained-C1
4 C1 probes Trained-C1

Gen1-C1
Gen2-C1

5 Training Trained-C2
6 Retention training Trained-C1
7 C2 probes Trained-C2

Gen1-C2
Gen2-C2

8 Cross-category probes Shape/Number/Color
Shape/Color
Number/Color

7Requiring Echoics for Intraverbal-Tacts



Procedures
Probes
There were 12 trials in each probe session.

There were two questions and three visual stim-
uli; each question was asked twice with each
visual stimulus. The trials were arranged in a
quasirandom order (i.e., random, but no more
than two identical visual stimuli or questions
were presented consecutively). The instructor
gained the participant’s attention and put a visual
stimulus (i.e., picture) on the table in front of
the participant. The instructor asked a question
in the presence of the picture and provided 5 s to
respond. Correct and incorrect responses resulted
in the presentation of the next picture and ques-
tion. After every trial, the instructor presented a
mastered instruction (e.g., motor imitation, sim-
ple intraverbal, listener task) and delivered praise
and a tangible reinforcer contingent on a correct
response. Praise and tangible items were identi-
fied as reinforcers based on direct observations of
clinical sessions.
The cross-category probes were identical to

the probe procedures above, with one excep-
tion. For shape/number/color, there were
12 trials per session presented in a qua-
sirandom order. The instructor asked the
three questions (i.e., “What shape?” “What
number?” and “What color?”) once for each of
the three cards and then conducted three trials
with the three questions randomly matched to
the three cards. When conducting cross-
category probes, the sequence of sessions was
shape/number/color, shape/color, and then
number/color.

Training
The instructor conducted two to four training

sessions per day, three to four times per week.
The average session duration was 1.5 min (range,
1-3 min), with at least a 5-min break between
sessions. The 12-trial session arrangement was
identical to the probe sessions. Training con-
sisted of a progressive time delay based on
Miguel and Kobari-Wright (2013; i.e., 0 s, 1 s,

2 s, 3 s, 4 s, no prompt). The delay was increased
contingent on 92% (11/12) or higher correct
independent or prompted responses at each delay
for two consecutive sessions. A prompt regression
was moving to a previous time delay (e.g., 2 s to
1 s) contingent on two consecutive sessions at
10/12 (83%) or lower.
In the beginning of the session, the instructor

gained the participant’s attention, placed a visual
stimulus on the table, and asked a question. Dur-
ing the 0-s delay, the instructor delivered an
immediate prompt. For example, in the presence
of a yellow cat and “What color?” the instructor
said, “color yellow.” During the 1-s delay, the
instructor modeled the response after 1 s of no
responding or if an incorrect response occurred.
A correct response during training, defined as
echoing the keyword and emitting the correct
tact (e.g., “color yellow”), resulted in praise on a
fixed-ratio (FR) 1 schedule and a tangible/edible
reinforcer on a participant-specific schedule
(e.g., variable-ratio [VR] 5). The four keywords
were “shape,” “number,” “it is a,” and “color.” If
the participant responded with only the response
and not the echoic (e.g., “yellow”), the correction
procedure was repeating the question and imme-
diately modeling the complete response; echoing
the response resulted in praise but not a tangible/
edible reinforcer.
The mastery criterion was 92% (11/12 trials)

independent, correct intraverbal-tacts across
three consecutive sessions with an overnight
criterion. That is, a participant needed to
respond at 92% or higher during two sessions
on the same day and a third session on the next
day, or 92% or higher during one session and
during two consecutive sessions the next day.
Reaching this mastery criterion resulted in post-
training probes in the next session.

Massed Trial Training
Due to acquisition errors, we implemented

several supplemental training conditions to
strengthen component skills (see Table 2 for
the data, errors, and modifications, and Table 3
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for the number of sessions per condition).
Massed trial training was initiated if a partici-
pant (a) experienced three prompt regressions
(defined above), (b) emitted errors during
retention sessions, or (c) emitted errors during
probes as a result of mismatched echoic and
tact responses (e.g., “shape two,” “color hat”)
or as a result of incorrect question discrimina-
tion (e.g., responding with “it is a flower” to
“What color?”). The purpose was to train
intraverbal-tacts with prior errors with only one
question to increase the stimulus control of the
keyword over the tact response. For example, a
session was composed of 12 trials of “What
color?” with the Category 2 visual stimuli. The
instructor used the same progressive time delay,
mastery, and regression criteria as in the train-
ing condition. Contingent on mastery, the gen-
eral training condition resumed at the prompt
level implemented before massed trial training
started.

Tact Training
Tact training occurred if a participant emit-

ted two or more tacting errors for two

consecutive sessions during training or post-
training probes (e.g., responding “color green”
or “green” in the presence of “What color?”
and a picture of a yellow cat). For numbers,
shapes, and colors, tact training occurred with
the same stimuli as in the tact preassessment.
For objects, tact training occurred with the
nine experimental stimuli (i.e., three Trained,
three Gen1, three Gen2). The instructor placed
a horizontal array of the stimuli (e.g., six color
cards) on the table in the same order each ses-
sion. Like the tact preassessment, the instructor
modeled tacting the first two stimuli (the same
ones each session) and then pointed to the next
stimulus, and so on. Contingent on correct,
independent tacting, the instructor delivered
participant-specific reinforcement. Each session
consisted of 18 trials. That is, for colors,
shapes, and numbers, six cards were presented
with three opportunities to independently tact
each one. For objects, nine cards corresponding
with the Trained, Gen1, and Gen2 subsets
were presented with two opportunities to inde-
pendently tact each one. If a participant made
an error, the instructor modeled the response

Table 2

Procedural Modifications

Part. Condition, Session, and Data Errors Modification

Mark C2 Gen1, Session 12, 75% “What is it?” à “it is a yellow”
“What color?” à “color cat”

Two booster sessions with C2 Trained
subset

Mark C2 Gen2, Session 13, 67% “What color?” à “color spoon”
“What color?” à “color car”

Two booster sessions with C2 Trained
subset

Mark C2 Gen2, Session 16, 58% “What color?” à “color chicken”
“What color?” à “color spoon”
“What color?” à “color car”

Massed trial training of “What color?”

Mark C2 Trained, retention session,
75%

“What color?” à “it is flower” Massed trial training of “What color?”

Mark C2 Gen2, Session 19, 50% “What is it?” (blue hat) à “a chicken” Tact training of objects
David C1 Trained, 3 regressions “What shape?” à “shape number”

“What shape?” à “shape two”
Massed trial training of “What shape?”

David C2 Gen2, Session 16, 50% “What color?” (purple spoon) à “color
blue”

“What color?” (purple spoon) à “color
green”

Tact training of colors

David C2 Trained, 3 regressions “What is it?” à “ih-ah” (unclear) Articulation training of “it is a”
David C1 Trained, booster sessions,

errors
“What number?” (two) à “number one”
“What shape?” (square) à “shape circle”

Tact training of numbers and shapes

Jack C2 Gen2, Session 22, 75% “What is it?” (blue hat) à “Santa” Tact training of objects
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and pointed to the next card contingent on a
prompted response. The mastery criterion was
100% correct for one session. Subsequent post-
training probe sessions were preceded by a tact
training session to ensure retention of the tact
responses.

Retention Training
The first posttraining probe or tact training

session of the day was preceded by a retention
training session to ensure retention of the
Trained responses at mastery level. The instruc-
tor also conducted retention sessions for the
Category 1 and Category 2 Trained subsets
prior to administering cross-category probes.
Retention sessions were similar to training ses-
sions except the instructor used least-to-most
prompting. The instructor presented a question
and a visual stimulus and allotted 5 s to
respond. A prompt was contingent on an incor-
rect response or no response within 5 s.

Booster Training (Mark only)
This training was implemented with

Mark when trial-by-trial error analyses for
Category 2 Gen1 and Gen2 probes indi-
cated correct echoics but incorrect
intraverbal-tacts (e.g., responding “it is yel-
low” when asked, “What is it?” and “color
spoon” when asked, “What color?”). The
purpose was to increase control of the key-
words “it is” and “color” over correct

responses. Booster training was similar to
retention training and consisted of two Cat-
egory 2 training sessions. After booster
training, the instructor administered the
Category 2 and cross-category probes.

Articulation Training (David only)
When David experienced three prompt

regressions during Category 2 training, we
observed poor articulation of “it is a” (i.e.,
“ih-ah”). Before initiating massed trial training,
we conducted articulation training sessions.
These were identical to training sessions,
starting at a 0-sec prompt delay; however, when
the instructor asked, “What is it?” her model
had more exaggerated pronunciation (i.e., elon-
gated pronunciation of the three words, “it is
a”). Prompting continued each trial until David
matched this articulation. Progression to the
next prompt delay was based on clear articula-
tion for three consecutive sessions with the
overnight criteria.

Posttraining Probe—New Sequence
We changed the posttraining probe sequence

with all participants. The initial posttraining
probe sequence consisted of three probes
(Trained, Gen1, and Gen2) conducted consec-
utively with 5-min breaks between probes. In
the new sequence, only one probe occurred per
day. This decision was made when Mark’s
Gen1 and Gen2 responding decreased relative

Table 3

Number of Sessions per Category in Each Training Condition

Training Massed trial Tact training Retention

Participant C1 C2 C1 C2 C1 C2 C1 C2

Mark 12 15 7 (color) 7 (object) 32 16**
David 18 49 11 (shape) 5

(number)
11*
(shape)

9*
(color)

45 12

Jack 19 5 (object) 11

Note. Words in parentheses indicate the focus of the supplemental training. One asterisk indicates the mastery criterion
was not reached. Two asterisks indicate that retention sessions included two booster sessions.
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to responding in Trained probes on two con-
secutive days. We hypothesized that putting
the newly learned responses on extinction
resulted in variability that led to errors in each
subsequent probe session. In an attempt to mit-
igate these extinction effects, the new probe
sequence was a probe (Trained, Gen1, or
Gen2) on a new day with retention training
preceding each probe. In addition, all post-
training cross-category probes were conducted
using the new sequence.

Social Validity
The first author presented a survey to parents

and staff from the center where the study was
conducted with a PowerPoint presentation of the
study, as well as graphs and videos of baseline
probes, training, and posttraining probes. The
survey had 11 questions on a 5-point rating scale
(a modified version of the Behavior Intervention
Rating Scale; Elliott & Treuting, 1991).

Results

Figure 6 depicts the percentage of correct
intraverbal-tacts (DV1; dots) and the percent-
age of correct intraverbal-tacts with correct and
incorrect tacts (DV2; bars) for all participants
during within-category probes. Figure 7 dis-
plays data for cross-category probes.

Baseline Probes
Baseline probes across participants for DV1

and DV2 averaged around 50% (i.e., 47%,
58%, and 52% for Category 1 and 49%, 55%,
and 67% for Category 2 for Mark, David, and
Jack, respectively). Exceptions were five (out of
19) baseline probes for David as they were
above 70% (range, 75% - 83%). For Jack,
before Category 1 training (up to Session 19),
the mean percentage correct for DV1 in Cate-
gory 2 was 58% (range, 33%-75%). Error ana-
lyses revealed tact errors with objects
(e.g., saying “Santa” instead of “hat”). After
training in Category 1 and object tact training

in Category 2, responding in the last three
baseline probes increased to 89% (range, 75%-
100%) for DV1 and 95% (range, 92%-100%)
for DV2.

Posttraining Probes
For Category 1 for Mark, DV1 and DV2

were at or above mastery in 9/12 and 12/12
posttraining probes, respectively. For Category
2 for Mark, the posttraining probe average was
82% (range, 50%-100%), compared to a mean
of 47% (range, 25%-58%) in baseline. Error
analyses of the decreasing trend in the first set
of posttraining probes (Sessions 11-13) revealed
correct question discrimination but incorrect
classes (e.g., responding “color cat” to “What
color?” and “it is brown” to “What is it?”).
After booster training, the Trained and Gen1
probes were at mastery, and the Gen2 probe
was 58%. Error analyses indicated responding
with correct question discrimination but incor-
rect classes mostly to “What color?”
(e.g., “color cat”). Levels were slightly reduced
in post-massed trial training probes and addi-
tional error analyses revealed tact errors
(e.g., saying “chicken” when presented with
“What is it?” and a card with a blue hat). Post-
tact training probes showed increases to 100%
across all subsets. Overall, levels of DV2 were
similar to DV1 with the exceptions of higher
levels of DV2 compared to DV1 in Sessions
7, 12, and 18 in Category 1 and Sessions
17, 18, and 21 in Category 2.
For David, across the nine Category 1 post-

training probes, the average was 82% (range,
67%-100%) for DV1 and 99% (range, 92%-
100%) for DV2. During the initial training,
David met the criterion for a training modifica-
tion (i.e., three regressions in his training
sequence). Error analyses indicated echoic
responding with an incorrect class mostly to
“What shape?” (e.g., “shape one”). Therefore,
massed trial training of shapes occurred before
the first set of posttraining probes. Due to
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tacting errors during these probes, we next con-
ducted tact training of shapes and numbers.
During tact training, David did not reach the

mastery criterion for the trained tacts and dem-
onstrated tacting errors during the last two sets
of posttraining probes, represented by DV1

Figure 6
Percentage of Independent, Correct Responses During Probes

Note. Cross-category probes were administered after sessions denoted with an asterisk. Data points represent DV1;

grey bars represent DV2.  
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data below mastery and DV2 data at or above
mastery. In Category 2 posttraining probes,
David demonstrated 83% correct responding
for DV1 and 100% for DV2. Most errors were
incorrect tacts of colors.
For Jack, Category 1 posttraining probes

averaged 92% (range, 83%-100%) for both

DV1 and DV2. There were no posttraining
probes for Jack in Category 2.

Cross-Category Probes
Baseline cross-category probes averaged

around 40-50% (i.e., 52%, 42%, and 39% for

Figure 7
Percentage of Correct Responses During Cross-Category Probes
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Mark, David, and Jack, respectively). Final
posttraining cross-category probes for DV1, fol-
lowing the additional training for Mark and
David, averaged 97%, 64%, and 78%, for
Mark, David, and Jack, respectively. For David,
DV2 averaged 80%.

Discussion

Progressive time delay with the requirement
to echo keywords resulted in the acquisition
and generalization of intraverbal-tacts with
three children with autism. Specifically, the
children learned to provide correct answers
when asked, “What number?” and “What
shape?” in the presence of different numbers
inside shapes, as well as when asked, “What is
it?” and “What color?” in the presence of differ-
ent colored objects. The training procedure
required the participants to echo the keyword
from the question and emit the tact
(e.g., answering “What color?” with “color
blue”). Acquisition of these skills was demon-
strated in a multiple-probe design across behav-
iors with two participants and a concurrent
multiple-probe design across all three partici-
pants. In addition, within- and across-category
generalization was demonstrated. These out-
comes are important as answering questions
about visual stimuli is a developmental mile-
stone (Sundberg, 2008) and central to the
expansion of comprehension (Pence Turnbull &
Justice, 2012).
This study extends prior research on using

echoic responding to facilitate multiply controlled
listener responding (Causin et al., 2013), intra-
verbals (Kisamore et al., 2016), and intraverbal-
tacts (degli Espinosa et al., 2020). This study also
extends degli Espinosa et al.’s (2020) procedure
in three ways. First, we reduced the number of
training steps by omitting the initial echoic train-
ing phase and prompting and reinforcing echoics
in the context of intraverbal-tact training. The
reduced number of steps may allow for a more
rapid adoption of these procedures in practice.

Second, rather than the simple-conditional
method of conditional discrimination training,
we used the conditional-only method by inter-
spersing trials with two questions (e.g., “What
number” and “What shape?”) within each train-
ing session as the conditional-only method has
been shown to be superior (Grow et al., 2011).
Third, because we used a multiple-probe across
behaviors design embedded in a concurrent
multiple-probe design across participants rather
than a multiple-baseline design across behaviors,
we were able to detect generalization while
retaining experimental control. The merits of
these three methodological components across
studies should be examined in future research.
There are several potential explanations for

the effects of the training procedures, particu-
larly the echoic requirement, on the acquisition
and generalization of intraverbal-tact responses.
First, echoing the keyword may have
“enhanced stimulus control by all relevant con-
trolling stimuli instead of just one of them”
(Kisamore et al., 2016, p. 843). In baseline,
responding was most often around 50% as the
participants tacted one feature of the visual
stimulus independent of the question
(i.e., restricted stimulus control; Dube
et al., 2010). For example, all three participants
generally said the number (not shape) in Cate-
gory 1 when asked both questions. In Category
2, when asked both questions, Mark and David
generally said the object (not color), and Jack
generally said the color (not object). In train-
ing, however, echoing “shape,” for example,
may have enhanced the salience of the discrimi-
native verbal stimulus and exerted stimulus
control.

Second, the intraverbal control between the
keyword (e.g., “color”) and the visual feature
(e.g., blue) in an autoclitic frame facilitated
stimulus control (degli Espinosa et al., 2020;
Palmer, 2007). The participants had a learning
history with the words/phrases “color,” “it is a,”
“shape,” “number,” and other members of
those classes. They would not have had a
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history, or would have had an aversive history,
with word combinations such as “color cat,”
“it’s a blue,” “shape three,” and “number cir-
cle.” Emitting the tact in an autoclitic frame
may have served to use the category word to
“self-prompt” the correct tact (e.g., “color” self-
prompted “blue” through an intraverbal rela-
tion). Anecdotally, Mark repeatedly stated the
keyword before each tact.
Third, there may have been a phenomenon

similar to joint control (Causin et al., 2013;
Lowenkron, 2006). When asked, “What
color?” in the presence of a yellow cat, the
participant may have said, “color” as a form
of rehearsal, and then scanned for the object
and color components of the visual stimulus.
When the component matched the product
of the echoic (e.g., the yellowness of the cat
matched the product of the echoic, “color”),
the participant emitted that response
(e.g., “yellow”). The relation in the current
study is slightly different than the conceptu-
alization by Lowenkron (2006) because the
participant tacted an aspect of the visual
stimulus with intraverbal control and the
product of the echoic. However, the concep-
tualization is rather close to Lowenkron’s
original description of joint control, and our
analysis may be better considered a specific
type of convergent multiple control (Michael
et al., 2011).
Finally, although a history of reinforcement

can help explain the demonstration of trained
conditional discriminations, mediation is
required to explain generalized conditional dis-
criminations (Causin et al., 2013;
Lowenkron, 2006). For example, the partici-
pants had a history of reinforcement for
responding with “color yellow” when asked
“What color?” in the presence of a yellow cat,
but no history of such responding in the pres-
ence of a red car (Gen2). Correct responding
with “red” when asked “What color?” in the
presence of a red car may have been facilitated
by applying the strategy of echoing “color” and

then emitting “red.” Similarly, the participants
did not have a history of responding with the
cross-category probe stimuli but appeared to
apply the strategy of echoing the keyword when
presented with those untrained stimuli. Such
echoing may be considered a problem-solving
strategy that, once learned, may be applied to
novel situations (Axe et al., 2019;
Miguel, 2018; Palmer, 1991; Skinner, 1957).
Although we did not conduct a comparative

or component analysis to determine if the
echoic was necessary to facilitate the post-
training responses, several findings support the
facilitative role of the echoic. First, even though
echoing the keyword was not required for cor-
rect responses in the probes, within-session ana-
lyses indicated that Mark and David emitted
the echoic in 100% of the first and last sets of
posttraining probes for Categories 1 and 2, as
well as in the cross-category probes. Jack ech-
oed in 100% of posttraining probes for Cate-
gory 1, but in the last set of probes of Category
2, he echoed “color” in 33%-67% of responses
and “it is a” in 0% of responses. In most cases,
even when echoics were not prompted or
reinforced, their presence supports the assertion
that echoing the keyword facilitated correct
intraverbal-tacts.
Second, after training, acquisition, and gen-

eralization in Category 1, Jack acquired Cate-
gory 2 intraverbal-tacts without training. A
potential explanation for this outcome is similar
to the explanation provided above in which
echoing the keyword may have generalized
from Category 1 to Category 2 stimuli (Causin
et al., 2013). Even though Jack echoed the key-
word in few responses in Category 2 (see data
above), this does not rule out covert echoing.
Third, Mark and David met criteria for the

massed trial training condition. Mark’s errors
were mismatches of keywords and tacts
(e.g., “color hat”). David met three regression
criteria and therefore, did not proceed through
the planned prompting hierarchy. The goal of
massed trial training was to isolate a keyword
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to increase stimulus control of visual features
(e.g., training “color X" in response to massed
trials of “What color?”). This procedure may
have also strengthened keyword-member-of-
class (our own term) intraverbal responses
(e.g., “color” evoking a color). After reaching
mastery during massed trial training and
restarting the general training, Mark and David
reached mastery in three and four sessions,
respectively. An alternative route would be
starting with building a history of intraverbal
relations through echoic training (i.e., degli
Espinosa et al., 2020), and future research
should explore relevant component analyses.
Additionally, the error pattern for David in
Category 2 was unclear pronunciation of “it is
a”; he said “ih-ah.” Horne and Lowe (1996)
stressed the importance of clear pronunciation
in the acquisition of naming and we hypothe-
sized that clear pronunciation of keywords
would strengthen keyword-member-of-class
intraverbal control. The articulation training
led to David mastering the trained set without
additional modifications.
The current results may have implications

for the sequence of training tacts, intraverbals,
and intraverbal-tacts. Mark and David required,
on average, twice as many training sessions
with Category 2 (object/color) compared to
Category 1 (shape/number). This may be due
to the long history of reinforcement for tacting
objects and colors many children with autism
experience in early intensive behavioral inter-
vention (Taylor & McDonough, 1996). Some
curricula recommend teaching tacts of objects
with “What is it?” and later, teaching tacts of
colors by showing colored index cards and ask-
ing, “What color?” (e.g., Sundberg, 2008).
Such curricular sequences appear to use simple-
conditional discrimination training with respect
to the question–visual stimulus conditional dis-
criminations, which has been shown to render
the question a neutral, as opposed to a condi-
tional, stimulus (Grow et al., 2011). In other
words, this sequence may produce

overselectivity of the visual stimulus (Dube
et al., 2016). Category 2 (shape/number) may
have been acquired more quickly by Mark and
David than Category 1 due to a shorter history
of reinforcement of tacts of shapes and num-
bers under the control of the questions “What
shape?” and “What number?”, which appear in
language curricula later than tacts of objects
and colors (Sundberg, 2008). Sundberg
suggested introducing “What is it?” and “What
color?” as the first two questions for
intraverbal-tacts (Intraverbal M-10). When
introducing intraverbal-tacts, practitioners may
avoid producing overselectivity by first targeting
questions other than “What is it?” and “What
color?” such as “What shape?” “What number?”
“What does it say?” and “What does it have?”
Additionally, the results were socially valid.

On the 5-point scale (1 = Strongly Disagree,
5 = Strongly Agree), the mean rating from par-
ents and staff was 4.6 (range, 4.2-5.0). Some of
the highest ratings were for the following items:
“It is important to teach children with autism
to answer questions about objects and
pictures,” “The intervention quickly improved
the children’s question answering,” and “This
procedure is a valuable contribution to
behavior-analytic work.” Two of the lowest rat-
ings were to “Answering using a full sentence is
an appropriate strategy” and “Most teachers
would find this intervention suitable for the
language challenge described.” Although effica-
cious, future research should explore ways of
ensuring the procedures are even more socially
valid (e.g., inviting parents or teaching staff to
collaborate on selecting the targets).
There were several limitations of the current

study. First, some of the trained responses were
grammatically uncommon. The four trained
responses were (a) “What is it?” à “it is a X;”
(b) “What color?” à “color X;” (c) “What
shape?” à “shape X;” and (d) “What number?”
à “number X.” Responses (a) and (d) are
grammatically common, whereas responses
(b) and (c) are grammatically uncommon.
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Social validity respondents expressed concerns
about the children saying, “shape” and “num-
ber” as part of answers. Nevertheless, the proce-
dure was effective and echoing the keywords
may have facilitated correct responding. When
selecting stimuli, it was important for physical
features of the visual stimuli to relate to all
questions. For example, it is more grammati-
cally common to show animals and teach
“What is it?” à “it is a cow” and “What does
it say?” à “it says moo.” However, “moo” does
not have a physical form, whereas the color of
the cow does. In practice, and as a child
acquires more intraverbal-tacts, practitioners
may teach questions with more common gram-
matical forms. Additionally, practitioners may
extend responses, such as “the color is X" and
“the shape is X,” by using textual or audio pro-
mpts or scripts. Although future researchers
may assess fading responses from “What color?”
à “color blue” to just “blue,” this fading may
happen naturally.
Second, all participants emitted tacting errors

despite preassessment results indicating 100%
correct tact responding with all visual compo-
nents of the experimental stimuli. Because
David exhibited the most tacting errors
(e.g., tacting yellow as green, 3 as 8, square as
triangle), we arranged separate tact training ses-
sions for numbers, shapes, and colors. During
preassessments, we tested tact components
using stimuli that were different than the stim-
uli used in the study (see Figure 2) to not over-
expose the participants to the experimental
stimuli. For example, we preassessed hat using
a yellow hat (see Figure 2), and when Mark
was asked, “What is it?” in the presence of the
blue hat in the Gen 2 probe (see Figure 2), he
said, “chicken” (see Table 2). Future
researchers should consider testing tact compo-
nents with the experimental stimuli to mitigate
these tacting errors. Third, we did not counter-
balance the order of the categories across partic-
ipants. Counterbalancing would have
demonstrated stronger experimental control if

some participants experienced training and
posttraining probes with object/color first and
shape/color second.
Fourth, responses in four of David’s base-

line Trained probes were high (75%-83%)
which threatens internal validity. In baseline
(e.g., Category 1 [shape/number]), David
answered “What number?” with the correct
number, which was 50% of the trials. For
“What shape?” he may have guessed
(i.e., chance responding), which would be
50% of 50%, or 25%. Adding those together
(50% + 25%) results in 75% correct
responding. This limitation is tempered as
baseline Trained responding in Category
2 dropped to near 50% in the last baseline
probe. There is a substantial change in the
level of correct responding between baseline
and posttraining probes with DV2 (negating
the tacting errors), and there is a substantial
change in the level of correct responding
between baseline and posttraining generaliza-
tion probes for DV1. Finally, condition
changes across participants were inconsistent
due to individualized error analyses and mod-
ifications. More consistency would allow
stronger conclusions regarding the conditions
affecting the intraverbal-tact repertoire.
In addition to the suggestions above, there

are numerous avenues for future research. First,
future researchers should isolate requiring
echoics as an independent variable by evaluat-
ing a prompt fading procedure with and with-
out echoic training or requiring an echoic of an
irrelevant word (Charlop, 1983). This may pro-
vide stronger support for the value of the
echoic training and the mechanism involved.
Second, researchers could target selection
responses using the same antecedents as a pre-
requisite training to establish strict conditional
discrimination. For example, when asked,
“What number?” the child points to the num-
ber, and when asked, “What shape?” the child
points to the shape. However, this may not be
possible in all cases (e.g., a colored object).
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Third, to assess the role of joint control in pro-
ducing the responses, researchers may block the
echoic of keywords by requiring a random
word or phrase prior to responding (Clough
et al., 2016). An example would be presenting
a yellow cat, asking, “What color?” and requir-
ing the response, “A, B, C, D, Yellow.” Mea-
suring latencies to responding in the echoic and
blocking conditions could help elucidate mech-
anisms. Finally, future researchers should
extend the categories beyond objects, colors,
shapes, and numbers.
In conclusion, few studies have explored

multiply controlled verbal behavior with chil-
dren with autism. Echoics may be responsible
for mediating the acquisition and generalization
of intraverbal-tacts. Whereas the literature is
replete with analyses of verbal behavior under
simple stimulus control, future researchers
should continue examining analyses and proce-
dures for teaching generalized, multiply con-
trolled verbal behavior.
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