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Abstract
Language delays are commonly displayed by children on the autism spectrum. To 
help facilitate the development of verbal behavior, practitioners often implement 
intensive one-on-one, face-to-face instruction. However, the COVID-19 pandemic 
hindered typical face-to-face service delivery and caused practitioners to assess 
alternative approaches to facilitate clients’ continued progress. Instructive feedback 
(IF) is one teaching strategy to enhance instruction or make it more efficient. Dur-
ing this teaching procedure, instructors provide formal teaching of target responses 
and embed demonstrations of secondary target responses within sequences of 
instruction. In the current study, we investigated the efficacy of IF provided within 
telehealth instruction. Four participants on the autism spectrum participated in 
the study. Participants received two forms of telehealth instruction that targeted 
speaker-responding. The first form consisted of discrete trial instruction (DTI), and 
the second form combined DTI with IF. These results indicate that both forms of 
instruction improved speaker-responding of primary targets for all participants. 
Additionally, a secondary analysis of secondary targets indicated that two of the four 
participants acquired some secondary targets. These results suggest that including IF 
within DTI might be beneficial for some participants receiving DTI via telehealth.
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Introduction

Telehealth is a growing medium for service provision within the behavioral 
health field (Centers for Medicare and Medicaid Services, 2018). The purpose of 
telehealth is to provide clients with access to services (e.g., assessment, diagno-
sis, intervention, and consultation) that would otherwise be delayed (Nickelson, 
1998). An increased reliance on telehealth services for early intervention coin-
cided with the start of the COVID-19 pandemic (Ellison et al., 2021). However, 
telehealth has potential continued utility as a service format as clients and clini-
cians regularly encounter barriers that disrupt consistent attendance to in-person 
instructional sessions (e.g., long-distance to the service provider, car trouble, 
household obligations). Despite the growing use of telehealth services, only a 
limited number of studies have analyzed the efficacy of behavioral instructional 
approaches (e.g., discrete trial instruction) via telehealth (Ferguson et al., 2020; 
Nohelty et al. 2021; Pollard et al., 2021).

Discrete trial instruction (DTI) is an effective approach to early intervention for 
children on the autism spectrum (Smith, 2001). DTI involves a structured teach-
ing approach in which the instructor provides repeated exposures to instructional 
trials. During instructional trials, the instructor presents an antecedent stimulus 
and provides a specific allotment of time for the learner to respond (e.g., a pro-
gressive prompt delay that starts at 0 s and increases by 2 s increments, a constant 
prompt delay of 10 s). If necessary, the instructor may provide a prompt dur-
ing the response interval to assist the learner in responding appropriately. If the 
stimulus evokes an appropriate response, the instructor provides the learner with 
a preferred stimulus (e.g., social praise, tangible stimulus). Alternatively, if the 
stimulus does not evoke an appropriate response (e.g., incorrect response or no 
response), no contingent access to preferred stimuli is provided, and the instruc-
tor presents an error correction procedure. While DTI is a clinically supported 
approach for teaching academic and social skills, practitioners may encounter 
barriers relating to a client’s limited availability when implementing DTI via tel-
ehealth (Hyland et al., 2022). For example, a learner may display a decreased rate 
of acquired skills if extenuating circumstances (e.g., inconsistent family sched-
ules, limited transportation to service providers) lead to insufficient time being 
allocated toward face-to-face instruction (Love et  al., 2009). Therefore, practi-
tioners may consider efficient instructional approaches that can be feasibly pro-
vided through telehealth.

Instructive feedback (IF) is a supplemental teaching strategy that has been 
used during DTI that may promote the efficient acquisition of both primary (i.e., 
trained) and secondary (i.e., untrained) targets (Frampton & Shillingsburg, 2020; 
Nottingham et al., 2015). IF procedures embed presentations of secondary targets 
within instructional trials (Reichow & Wolery, 2011). These presented responses 
may occur during the antecedent event (i.e., before the learning trial) or during 
the consequence event (e.g., before reinforcement is delivered). For example, an 
instructor might teach a learner to identify features of animals (i.e., the primary 
targets) and use IF procedures to state letter sounds (i.e., the secondary targets) 
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after reinforcement is delivered. The instructor would first present the instruc-
tion (e.g., “Name something that a bird has.”). If the learner engages in the cor-
rect intraverbal response (e.g., “Birds have wings.”), the instructor provides a 
preferred consequence (i.e., reinforce the response) and states the secondary tar-
get (e.g., “The letter ‘A’ says, ‘/a/.’”). During IF, the learner is not required to 
engage in an echoic response when instructors present a demonstration of the 
secondary target response, and the instructor does not provide a reinforcer if the 
student echoes the secondary target response.

When implementing IF procedures, instructors may select secondary targets that 
target listener or speaker responding (Loughrey et  al., 2014; Tullis et  al., 2017). 
Additionally, instructors might select secondary targets that demonstrate expansion, 
parallel, or novel targets (Werts et al., 1995). An expansion target is a secondary tar-
get response that does not share point-to-point correspondence with the primary tar-
get response, but the secondary target is related to the primary target. For example, 
an instructor may teach a student to tact individuals dressed as various occupations 
(e.g., doctor, firefighter). During demonstrations of the secondary target response, 
the instructor indicates a function associated with the displayed occupation (e.g., 
“A doctor helps you when you are sick.” ). A parallel target is a secondary target 
response that shares point-to-point correspondence with the primary target response, 
but the secondary target does not share formal similarity with the primary target. 
For example, an instructor might teach students to tact the number eight when pre-
sented with an Arabic symbol (i.e., 8; primary target) and demonstrate the tact of the 
number eight when testing the Roman numeral (i.e., VIII; secondary target). Finally, 
a novel target is a secondary target response that does not share point-to-point corre-
spondence with the primary target response, and the secondary target does not relate 
to the primary target. A novel target is demonstrated in the previous example, where 
the instructor taught the student to identify a feature of a bird and then demonstrated 
a letter sound within the IF procedure. Previous research has demonstrated that sec-
ondary targets that share a relation to the primary targets (e.g., expansion target) 
have resulted in the emergence of responses under intraverbal control (Frampton 
& Shillingsburg, 2020; Gavidia et al., 2022; Tullis et al., 2021, 2022). In addition, 
researchers have observed the emergence of secondary targets that do not share a 
relation to the primary targets (i.e., novel target) when the target response is under 
tact control (Nottingham et al., 2020) and intraverbal control (Vladescu & Kodak, 
2013).

Previous research indicates that when IF procedures are implemented dur-
ing in-person DTI, learners acquire secondary targets, and little to no difference 
is observed in the acquisition of the primary targets (Albarran & Sandbank, 2019; 
Grow et al., 2017). To date, one study has evaluated the effects of IF implemented 
through telehealth (Ferguson et al., 2020). Ferguson et al. (2020) evaluated the effi-
cacy of IF implemented through a telehealth arrangement for three dyads of children 
on the autism spectrum (i.e., six total participants). Researchers taught each dyad to 
tact superhero characters. During the consequence event, researchers presented an 
intraverbal response that demonstrated expansion targets that corresponded to the 
target superhero’s power (i.e., the secondary target). The results of training suggest 
that students within each dyad demonstrated the acquisition of both the primary and 
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secondary targets. Despite these promising results, additional research is necessary 
to further evaluate the utility of IF within one-on-one telehealth sessions. Addition-
ally, researchers may consider evaluating the acquisition of secondary, novel targets.

The purpose of our study was to further evaluate the effects of telehealth-based 
DTI both with and without IF on the acquisition of primary and secondary targets. 
Specifically, researchers assessed two outcomes. First, we evaluated the efficacy of 
telehealth-based DTI alone and DTI with IF on the acquisition of primary targets. 
Next, we evaluated the effect that IF had on the acquisition of secondary, novel tar-
gets when IF is delivered through telehealth.

Methods

Participants

Researchers recruited four 4–5-year-old individuals diagnosed with autism spec-
trum disorder (ASD) to participate in this study. The participants had previously 
received face-to-face applied behavior analysis (ABA) services, including instruc-
tion via DTI, from a university-based early intervention (EI) program. Additionally, 
researchers observed that all participants had an established echoic repertoire (i.e., 
participants echoed complete sentences consisting of at least five words), and car-
egivers indicated that participants had no prior exposure to formal instruction that 
used IF. Eligible participants had access to a stable internet connection, and a car-
egiver was present for each session. Prior to the initial baseline session, each partici-
pant and caregiver met with the primary researcher who certified that all participants 
met the following inclusion criteria: (1) attended (i.e., eye gaze directed to relevant 
materials) to digital materials for at least 12 consecutive trials and (2) produced a 
vocal tact of previously mastered targets, presented through a tablet, for at least 10 
out of 12 trials.

Board Certified Behavior Analysts (BCBAs) that oversaw eligible participants 
completed the Verbal Behavior Milestones Assessment and Placement Program 
(VB-MAPP; Sundberg, 2008) prior to the participant’s acceptance in the study (see 
Table  1 for VB-MAPP scores associated with each targeted verbal operant). Jose 
was a 5-year-old white, European American boy enrolled in a public-school kin-
dergarten classroom. Jose previously received two years of one-on-one DTI and 
natural environment teaching (NET) instruction. Jose displayed an emerging basic 

Table 1  Total and targeted 
verbal operant VB-MAPP 
milestones scores across 
participants

Each participant’s scores correspond to each of the highlighted cat-
egories within the VB-MAPP

Participant Tact Listener Reading Echoic Intraverbal Total

Jose 14.5 13.5 5 10 7.5 130.5
Elmer 15 14.5 4 10 10 131.5
Sabrina 14.5 13.5 5 10 7 123
Stacy 15 15 5 10 10 152
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conversation repertoire, and before each session, he infrequently engaged in recipro-
cal conversations. Elmer was a 4-year-old white, European American boy enrolled 
in a half-day EI program at a university-based preschool. Elmer previously received 
one year of one-on-one DTI and NET structured instruction. At the time of the 
study, Elmer attended a university-based preschool for 12 hours a week and received 
NET structured, small-group instruction. Elmer displayed an established conversa-
tion repertoire and frequently engaged in reciprocal conversations. Sabrina was a 
5-year-old white, European American girl enrolled in a public-school kindergar-
ten classroom. Sabrina previously received two years of one-on-one DTI and small 
group NET structured instruction. Sabrina displayed an emerging basic conversation 
repertoire and infrequently engaged in reciprocal conversations. Stacy was a 5-year-
old white, European American girl. Stacy was homeschooled by her mother. Previ-
ously, Stacy received two years of small-group NET. Stacy displayed an established 
conversation repertoire, and before each session, she frequently engaged in recipro-
cal conversations.

Setting and Materials

The first and third authors acted as instructors throughout the study. Instructors con-
ducted all sessions on the  ZoomTM Video Communications, Inc. (Zoom) platform. 
Instructors accessed Zoom calls from their homes or a private office at a university-
based preschool, and participants’ caregivers connected to Zoom calls from their 
homes. Jose and his caregiver completed their sessions either at their kitchen table 
or in their home office. Elmer and his caregiver completed their sessions in their 
dining room, living room, or bedroom. Sabrina and her caregiver completed all their 
sessions exclusively at their kitchen table, whereas Stacy and her caregiver con-
ducted their sessions in their living room. Two participants connected to Zoom calls 
through an electronic tablet (e.g., iPad), and two participants connected via home 
computers. To protect each participant’s privacy, instructors used a HIPAA-compli-
ant Zoom account. Additionally, instructors agreed to end research sessions if a third 
party (i.e., an individual not affiliated with the study) entered the instructional space 
within the participant or instructor’s setting.

All digital stimuli were organized and presented in trials according to procedures 
described by Mattson et al. (2020)—a protocol for developing DTI procedures via 
Google Slides (Google LLC, 2006). The slide decks that instructors presented dur-
ing probe sessions included a final slide that displayed a variety of preferred vid-
eos, and participants selected one to watch following the session. Prepared materials 
were presented using Zoom’s “Share Screen” feature. During all calls, one caregiver 
sat with the participant and delivered preferred edible items.

Response Measurement

The primary dependent variable was the percentage of correct independent primary 
target responses emitted during each training session. The primary target responses 
for Jose, Elmer, and Stacy were vocal textual responses that corresponded to the 
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presented word, letter, or letter blends (e.g., reading the word), and the primary tar-
get responses for Sabrina were vocal intraverbal responses that corresponded to the 
presented instruction (see Table 2). For each trial, observers scored a correct inde-
pendent response if the participant produced the target vocal response within 5 s of 
the initial target stimulus presentation or an incorrect response if the participant did 
not produce the target vocal response. Following each session, researchers calcu-
lated the percentage of correct independent primary target responses by dividing the 
total target independent responses by the total trials and multiplying the quotient by 
100. The mastery criteria for all primary target stimulus sets was two consecutive 
sessions with correct independent responses above 90% or five consecutive sessions 
above 80%.

The secondary dependent variable was the percentage of correct secondary 
responses emitted during each probe session (see Table  2). The secondary tar-
get responses for all participants were intraverbal responses that corresponded to 
novel targets (i.e., primary and secondary targets shared no relation).  Similar to 
primary target responses, observers scored a correct independent response if the 
participant produced the target vocal response within 5 s of the secondary target. 
Researchers used probe sessions to evaluate the emergence of all secondary tar-
get responses.

Interobserver Agreement (IOA) and Procedural Integrity

Instructors recorded the DTI, DTI with IF, and probe conditions through Zoom. 
Secondary independent observers collected data on all dependent variables 
and procedural integrity for at least 30% of the recorded sessions. Research-
ers randomly selected sessions from a list of saved session recordings. Across 
all observed sessions, researchers defined an agreement as any trial in which 
the instructor and independent observer coded matching responses. Research-
ers calculated trial-by-trial interobserver agreement (IOA) by taking the number 
of agreements, dividing them by the total number of trials, and multiplying the 
quotient by 100. Mean IOA across all participants was 99.3% (range, 83.3-100% 
[see Table 3]).

Independent observers recorded the instructor’s implementation of condition-
specific variables (see Table  4). Researchers calculated procedural integrity by 
dividing the sum of condition-specific variables implemented correctly by the 
total condition-specific variables per session and multiplying the quotient by 100. 
Mean procedural integrity across all conditions was 99.7% (range, 91.8–100% [see 
Table 5]).

Experimental Design

Researchers employed an adapted alternating treatments design (i.e., AATD [Sinde-
lar et al., 1985]) embedded in a non-concurrent multiple baseline design across par-
ticipants. Researchers utilized a non-concurrent multiple baseline design to compare 
the effects each teaching procedure (i.e., DTI or DTI with IF) had on the acquisition 
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of their respective primary target responses. Additionally, researchers employed the 
adapted alternating treatments design to compare the effects of the teaching proce-
dures on the acquisition of the secondary targets.

Stimulus Sets

Researchers emailed each participant’s caregivers to identify appropriate targeted 
responses for primary and secondary targets. Researchers requested that caregivers 
identify potential targets that had not been directly taught to the participant and that 
might meet the participant’s current academic/behavioral goals (i.e., assessed skill 
deficit needing to be trained). Potential targets required participants to engage in 
either textual or intraverbal responding. Once researchers identified a list of poten-
tial targets, researchers requested that the caregivers not teach the selected targets 
outside of the study, and instructors probed the potential targets and assessed each 
participant’s responding. Researchers listed all potential stimuli that did not evoke 
a correct response and paired potential stimuli according to their topographical fea-
tures and corresponding response topography (Cariveau et  al., 2021). Researchers 
measured topographical features as the corresponding appearance of the stimuli 
(e.g., “G” and “C”). Response topography was measured according to the required 
number of syllables and phonemic production associated with the correct response 
(e.g., nail and tail). After pairing potential stimuli, researchers assigned one of 
each stimulus pair to each training condition. For example, if “nail” and “tail” were 
paired as potential stimuli, researchers assigned “nail” to the DTI with IF condi-
tion and “tail” to the DTI condition. This process for equating stimuli was repeated 
across all sets of stimuli until both training conditions consisted of four primary tar-
gets and untrained conditions consisted of four secondary targets. All participants 
received training on a single set of assigned targets in each condition, except Jose, 
who received training on two sets of assigned primary targets in training conditions 
and one set of assigned secondary targets in the probe condition. Table 2 lists target 
stimuli and responses for primary and secondary targets.

Table 3  Interobserver agreement across conditions

Baseline Treatment Probe

P DTI Range DTI w/ IF Range DTI Range DTI w/ IF Range IOA Range

Jose 100 – 92.9 85.7–100 95.8 83.3–100 100 – 100 –
Elmer 100 – 100 – 98.8 91.7–100 100 – 100 –
Sabrina 100 – 100 – 100 – 100 – 100 –
Stacy 100 – 100 – 100 – 100 – 100 –
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General Procedures

Instructors conducted sessions with the participants one to three times per week. 

Table 4  Breakdown of the component specific procedural integrity

This table depicts each condition-specific variable.

Procedural Integrity

Baseline and Probe
1 The instructor presented the target stimulus and instruction for each trial.
2 The instructor allowed up to 5 s for the participant to respond for each trial.
3 The caregiver withheld the preferred edible item and the instructor withheld 

response-specific praise for each trial.
4 The instructor presented each stimulus an equal number of times.
DTI
1 The instructor presented the target stimulus and instruction for each trial.
2 The instructor allowed up to 5 s for the participant to respond for each trial.
3 If an error occurred, the instructor re-presented the trial and provided a vocal 

prompted until the participant echoed the correct response.
4 After a correct independent response, the caregiver delivered the preferred edible 

item.
5 The instructor presented the secondary stimulus and did not state the correct 

response for each trial.
6 If the participant responded to the secondary stimulus, the instructor withheld 

response-specific praise.
7 The instructor presented each stimulus an equal number of times.
DTI with IF
1 The instructor presented the target stimulus and instruction for each trial.
2 The instructor allowed up to 5 s for the participant to respond for each trial.
3 If an error occurred, the instructor re-presented the trial and provided a vocal 

prompted until the participant echoed the correct response.
4 After a correct independent response, the caregiver delivered the preferred edible 

item, and the instructor provided response-specific praise for each trial.
5 The instructor presents the secondary stimulus and states the correct response for 

each trial.
6 If the participant responds to the secondary stimulus, the instructor withholds 

response-specific praise.
7 The instructor presented each stimulus an equal number of times.

Table 5  Treatment integrity scores across conditions

P Baseline Treatment Probe

DTI Range DTI w/ IF Range DTI Range DTI w/ IF Range TI Range

Jose 100 – 100 – 100 – 100 – 100 –
Elmer 100 – 100 – 100 – 100 – 99 98.0–100
Sabrina 100 – 100 – 100 – 100 – 97.3 91.8–100
Stacy 98.7 94.6–100 100 – 100 – 100 – 100 –
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During each Zoom meeting, participants experienced at least one session of all con-
ditions (described below). The DTI and DTI with IF conditions were presented in a 
randomized order. Instructors conducted probes every third session—after the par-
ticipant received one exposure to both the DTI and DTI with IF conditions. Lasted 
for 1 to 5 min, and a 1 to 10 min break followed. During sessions with primary tar-
gets, instructors presented the four primary targets three times in a semi-randomized 
order, yielding a total of 12 trials. During probes, instructors presented all eight sec-
ondary targets (i.e., four in the DTI condition and four in the DTI with IF condition) 
twice in a semi-randomized order, yielding 16 trials.

At the start of each Zoom call, caregivers conducted an informal preference 
assessment of available edible items. Each preference assessment consisted of car-
egivers identifying available preferred edible items (e.g., mini chocolate chips), 
vocally listing various preferred edible items that were available to the child, and the 
child selecting one item. Researchers requested that caregivers provide small edi-
ble items because we anticipated that participants would take less time to consume 
smaller items. Additionally, researchers asked caregivers to provide edible reinforc-
ers to ensure that caregivers would not require additional training on reinforcement 
systems (e.g., token economies) and participants would not be required to relinquish 
access to the preferred item multiple times throughout the session (e.g., accessing 
the item for 20 s and then handing the item to the caregiver).

Prior to implementing treatment sessions, researchers directed each caregiver to 
provide edible items if the participant emitted a correct response. Throughout treat-
ment sessions, caregivers provided the selected item as the contingent consequence 
for correct responses.

Baseline and Secondary Target Probes

Instructors initiated each trial by presenting the target and the instruction (e.g., the 
screen displayed the letter, “A,” and the instructor said, “What sound?”). Instructors 
then allowed up to 5 s for the participant to respond, and no programmed conse-
quences were delivered contingent on incorrect responding. In addition, instructors 
provided noncontingent, non-specific praise (e.g., “Thanks for sitting.”) in between 
every three to four trials. Finally, participants received contingent access to preferred 
video clips for completing every third session (i.e., probe sessions).

General Treatment Conditions

Instructors initiated trials by presenting the primary target and the instruction (see 
the top panel of Fig.  1). Then instructors allowed up to 5 s for the participant to 
respond. If the participant correctly responded (i.e., engaged in the primary target 
response), the participant received praise paired with a preferred edible item. If 
the participant responded incorrectly or did not respond to the presentation of the 
primary target, instructors removed the stimulus and provided feedback (e.g., the 
screen displayed “Try again” and the instructor said, “Try again.”). Then instruc-
tors re-presented the trial and provided an immediate (i.e., 0-s prompt delay) echoic 
prompt. If the participant incorrectly echoed the response, instructors continued to 
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re-present the trial with the corresponding prompt until the participant correctly 
echoed the response. After a correct prompted response, instructors re-presented 
the original training trial without an echoic prompt. Instructors repeated the error 
correction sequence if the participant erred in the re-presented trial. When the par-
ticipant correctly responded, the participant received praise paired with a preferred 
edible item.

DTI During the consequent event, instructors presented the secondary target (e.g., a 
picture of a cow) and withheld the presentation of the secondary target response (see 
the top panel of Fig. 1). Caregivers did not orient participants toward the presenta-
tion of the secondary target, and instructors did not provide consequences if par-
ticipants manded for information that related to the secondary target or engaged in a 
tact of the secondary target. Researchers included this presentation of the secondary 
target to control for simple exposures to the stimulus as a potential controlling vari-
able. Secondary targets were presented an equal number of times each session, and 
stimulus presentation occurred in a semi-randomized order.

DTI with IF Following the delivery of the preferred edible item, instructors pre-
sented a secondary target (e.g., a picture of a dog) and presented the secondary tar-
get response (e.g., “A dog is an animal” [see the bottom panel of Fig. 1]). Similar to 
DTI procedures, caregivers did not orient participants toward the presentation of the 
secondary target, and instructors did not provide consequences for manding or tacts 
of the secondary target.

Results

Figures  2 and 3 display the data for all participants. Figure  2 depicts the per-
centage of correct independent primary target responses emitted during each 
training condition. Participants did not emit correct responses during baseline. 
After implementing treatment, Jose’s responding met the mastery criteria for both 
training conditions in four sessions. In a second baseline, Jose did not emit cor-
rect responses to additional stimulus sets. After implementing treatment, Jose’s 
responding met the mastery criteria for both training conditions in three sessions. 
Elmer’s responding met the mastery criteria for the DTI condition in nine training 
sessions and the mastery criteria for the DTI with IF condition in 19 training ses-
sions. Sabrina’s responding met the mastery criteria for both training conditions 
in five sessions. Stacy’s responding met the mastery criteria for the DTI condition 
in five training sessions and eight training sessions for the DTI with IF condition.

Figure  3 depicts the percentage of correct independent secondary target 
responses emitted during probe sessions. Jose did not respond correctly to stim-
uli assigned to either training condition throughout all probe sessions. Elmer did 
not emit a correct response for stimuli assigned to either training condition dur-
ing baseline. Following the training, Elmer’s percentage of correct responding 
to secondary targets assigned to the DTI with IF condition initially increased to 
37.5% (range, 12.5–50%), and responding to secondary targets assigned to the 
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DTI condition remained at 0%. After eight probe sessions, Elmer’s level for cor-
rect responding decreased to 25% (range, 12.5–37.5%). Sabrina did not respond 
correctly to secondary targets assigned to either training condition throughout all 
probe sessions. Stacy emitted one correct response during the second baseline 
probe for a secondary target assigned to the DTI condition. Stacy did not emit a 
correct response for secondary targets assigned to either training condition for the 
remaining baseline probes. After training, Stacy’s percentage of correct respond-
ing to secondary targets assigned to the DTI with IF condition initially increased 
to 50% and remained between 87.5 and 100% (an outlier of 0% occurred on the 
fourth session). After three training sessions, the percentage of correct respond-
ing to secondary targets assigned to the DTI condition initially increased to 25% 
and decreased to 0% after three training sessions.

Discussion

The current findings suggest that DTI and DTI with IF appear to be efficacious 
approaches for teaching primary targets via telehealth. Two participants met the 
mastery criteria for the primary targets after the same number of DTI and DTI 
with IF training sessions. Elmer met the mastery criteria for the primary targets 

Fig. 1  Flowchart of all teaching procedures. Note. This figure depicts a flowchart of each teaching condi-
tion
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in the DTI condition 10 sessions before meeting the mastery criterion in the DTI 
with IF condition, and Stacy met the mastery criteria for the DTI condition three 
sessions before meeting the mastery criterion in the DTI with IF condition.

With regard to our second aim, our results showed that two of the four partici-
pants demonstrated some correct responding to secondary targets assigned to the 
DTI with IF condition. Elmer’s had low but variable levels of correct responding 
to secondary targets in the DTI with IF training. Stacy initially displayed high 
but variable levels of correct responding for secondary targets assigned to the 
DTI with IF condition and two sessions with some correct responses to second-
ary targets assigned to the DTI condition. However, during the final four probes, 
Stacy demonstrated the acquisition of secondary targets assigned to the DTI with 
IF condition. The variability in acquiring secondary targets across participants is 
consistent with previous research that evaluated novel targets (Brosh et al., 2018; 
Cariveau et al., 2022) but inconsistent with other studies that demonstrated higher 
levels of correct responding to secondary target or mastery of secondary, novel 
targets (Nottingham et al., 2017; Schnell et al., 2018). Overall, the results indicate 
that DTI with IF (a) did not hinder the acquisition of the primary targets and (b) 
may promote some acquisition of secondary targets in some participants. Given 
that the inclusion of IF is relatively easy for instructors and may not add a signifi-
cant amount of instructional time, the potential benefits of its inclusion warrant 
consideration.

Two participants, Jose and Sabrina, did not display any acquisition of the second-
ary targets. As previously noted, both participants met all inclusion criteria (e.g., 
attend to digital materials, produce a vocal tact). Additionally, participants did not 
require procedural adaptations to address any barriers for acquisition (e.g., challeng-
ing behavior, low frequency of attending to the screen). One possible explanation 
for Jose and Sabrina’s responding during probe sessions might relate to each partici-
pant’s performance during telehealth sessions. Specifically, previous research sug-
gests that current repertoires (e.g., echoic responses to demonstrations of second-
ary target responses) may influence the acquisition of secondary targets (Haq et al., 
2017; Leaf et  al., 2017). However, researchers did not measure echoic responses 
when instructors stated the secondary target responses in the current study. It is 
possible that echoic responding that was observed during in-person training (see 
VB-MAPP scores on Table 1) may not reflect each participant’s performance dur-
ing telehealth sessions. For instance, the stimulus control observed during in-person 
sessions may not have generalized to the telehealth sessions. Alternatively, contex-
tual factors within telehealth settings (e.g., slight time delays, auditory and visual 
qualities) may have contributed to the overall poor acquisition of secondary targets. 
Future research on IF procedures should consider the potential influence prerequisite 
skills have on acquiring secondary targets. Additionally, future research may con-
sider evaluating how responding during in-person sessions (e.g., echoic responses 
to demonstrations of the secondary target responses) influences the acquisition of 
secondary targets when sessions are conducted via telehealth.

A number of limitations in the present study are worth noting. First, sev-
eral considerations regarding counterbalancing targets might be necessary to 
ensure that all stimulus sets were of equal difficulty. During the current study, 
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we assigned stimuli to conditions based on topographical features and response 
topography. However, our procedures for set assignment did not consider cul-
tural exposure and familiarity with stimuli. For example, letter sounds “f” and 
“v” were assigned to separate stimulus sets because of the response topography 
associated with each stimulus. However, the participant may have encountered 
the “f” stimulus in their natural environment more often than the “v” stimulus. 
The difference in how frequently participants contact the stimuli in their natural 
environment may influence the participant’s responding during teaching sessions. 
Future research may consider assigning stimuli based on cultural exposures.

A second potential limitation related to procedural considerations when pre-
senting demonstrations of the secondary target (i.e., IF procedures) and second-
ary target probes. In the current study, three of the four participants received 
demonstrations of the secondary targets that differed from the antecedent pre-
sented during the probe trials. For example, “A moose lives in a forest,” was 
the second target demonstrated, whereas the antecedent for the probe trial was, 
“Where does a moose live?” Of the three participants exposed to this variation, 
two participants demonstrated some acquisition of secondary targets. In contrast, 
Jose’s stimulus and response relations were reversed in secondary target demon-
strations and probe trials. For example, the secondary target was, “A moose lives 
in a forest,” whereas the instructor said, “What animal lives in the forest?” dur-
ing the probe trials. Jose did not engage in any correct response to secondary 
targets. Based on the results, one might question if the similarity of antecedent 
and responses arranged in secondary target demonstrations and probe trials influ-
ences acquisition of the secondary targets (Aguirre et al., 2019). Previous studies 
have considered similar points with respect to emergent behavior (Delmolino et 
la., 2013; Petursdottir et al., 2008; Shillingsburg et al., 2018). Future researchers 
should evaluate the extent to which the antecedent and  response arrangements 
affect the measured acquisition of secondary targets.

Another potential limitation of our study relates to the experimental design. 
Our study used an AATD embedded in a multiple baseline design to compare the 
effects of two teaching procedures. Previously, Cariveau and Fetzner (2022) high-
lighted that this experimental design fails to detect multiple-treatment interfer-
ence and historical threats to internal validity. Specifically, the prolonged expo-
sure to extended baseline in the staggered panels (e.g., Sabrina’s baseline) may be 
unnecessary because it does not allow for the detection of these important threats, 
particularly when the participants were not in the same clinic during this period. 
To address this, future research may consider using an AATD that includes a con-
trol condition.

The final highlighted limitation of the study relates to the dosage of the inter-
vention. Specifically, instructors conducted research sessions based on each par-
ticipant’s availability. In some cases, participants had limited availability which 
resulted in research sessions being conducted one to three times per week. As a 

Fig. 2  Primary target responding across participants. Note. This figure depicts each participant’s 
responding to primary targets during both training conditions
▸
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result of this low frequency of research sessions, participants may have received 
too few exposures to stimuli to increase responding (Haq & Kodak, 2015). Future 
research may consider if a higher dosage of treatment may influence the effective-
ness of IF procedures.

Researchers may consider further evaluations of IF procedures delivered through 
telehealth services. Specifically, future research comparing the efficiency of DTI 
and DTI with IF may consider evaluating multiple efficiency measures (see Kodak 
et al., 2016). A second area of future research relates to the schedule of reinforce-
ment during IF probes. In the current study, researchers withheld contingent access 
to preferred stimuli to ensure that the acquisition of secondary targets was related 
to the presence of IF procedures and not due to differential reinforcement of cor-
rect responding. Frampton and Shillingsburg (2020) also withheld praise contingent 
upon correct responding during probes. Future research may consider comparing the 
effects of different reinforcement preparations on the emergence of secondary tar-
gets (see LeBlanc et al., 2003)

Despite these limitations, the results of this study contribute to the growing litera-
ture on IF. Specifically, our data provide preliminary evidence that DTI procedures 
delivered via telehealth may produce positive clinical outcomes for learners with 
ASD. Additionally, the potential benefits associated with both telehealth delivery 
and IF appear to warrant future research.

Data Availability The datasets generated and analyzed during the current study are available from the 
corresponding author on reasonable request.
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