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Abstract

Remote instruction is becoming increasingly common, yet few studies have directly compared remote and in-person instruc-
tion in a controlled manner. We used a reversal design to compare the effects of in-person and remote instruction for six
preschool participants with disabilities learning tacts and sight words. Distribution of instruction, methodology, and materials
across in-person and remote conditions were equated so that the only difference across conditions was the modality of instruc-
tion. Across conditions, we measured (1) the rate of learning; (2) the rate of trial presentation; (3) number of targets mastered;
and (4) percentage of correct responses during follow-up assessment. Results indicate that three of six participants reliably
met acquisition criteria and completed instruction faster in-person, with mixed results for the other three participants. No
consistent difference was observed in response maintenance or generalization across modalities. These findings add to existing
literature suggesting that remote instruction should be considered in situations where in-person instruction is unavailable.
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During the COVID-19 pandemic, governmental orders led
to the closure of schools in all 50 states in the United States
(Fronapfel & Demchak, 2020). As a result of this, service
providers across the nation were presented with an unprec-
edented challenge of delivering nearly all educational ser-
vices (both behavior analytic and not) remotely. As the shift
to remote service delivery was due to a public health crisis,
which had no precedent in the last century, the literature
basis for this topic is in its early stages. As such, this context
provides an opportunity for additional research to address
many unanswered questions.

Applied behavior analysis (ABA) experimenters and
practitioners have long used remote service delivery to
reach individuals living in geographically remote loca-
tions where in-person services were not available (Higgins
et al., 2017). There have been a number of studies dem-
onstrating the effectiveness of remote ABA service deliv-
ery in domains such as conducting remote brief functional
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behavior assessments (FBAs; Barretto et al., 2006), provid-
ing a remote training course for ABA technicians (Fisher
et al., 2014), and training teachers to use positive reinforce-
ment strategies to decrease problem behavior in a classroom
(Knowles et al., 2017). Additional data also suggests the
efficiency of remote ABA services for training implement-
ers (Hay-Hansson & Eldevik, 2013). Finally, a systematic
review (Tomlinson et al., 2018) of training individuals
implementing ABA procedures remotely concluded that the
emerging literature suggests that this may be an effective
modality and should be considered as an option, given the
cost and travel burdens were significantly decreased com-
pared to support provided in-person.

Other disciplines have conducted large scale compari-
sons between in-person and remote delivery of services. For
example, both speech and language pathology (Sutherland
et al., 2018) and occupational therapy (Little et al., 2018)
have compared modalities. However, few studies in ABA
have directly compared the two modalities. One such com-
parison of ABA was conducted by Lindgren et al. (2016),
who compared three service delivery models and their
respective outcomes and costs for implementing ABA inter-
ventions to reduce problem behavior for 107 participants.
The researchers compared in-person/in-home therapy, clinic-
based telehealth, and home-based telehealth. The results
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demonstrated that all three delivery models were success-
ful in reducing problem behavior by more than 90% using
an intervention package consisting of coaching parents to
conduct a functional analysis (FA) and training parents to
accurately implement functional communication training
(FCT). Further, the total costs for the telehealth models were
significantly less than in-home therapy.

In addition, two studies have examined in-person and
remote instructions when the goal of ABA is to promote
children’s acquisition of novel academic responses—or edu-
cational applications of ABA. Pollard et al. (2021) reported
17 cases of clients who transitioned from receiving in-per-
son ABA services to receiving services remotely. Nearly all
students maintained or improved correct responses across
all programs as well as maintained the same frequency of
instructional sessions remotely as they received in-person.
Oblak (2021) reported successful transition of service deliv-
ery to telehealth across a system-wide model using the Com-
prehensive Application of Behavior Analysis to Schooling
(CABAS®) model. Measures of service delivery reported
by Oblak included the total number of trials delivered and
number of trials needed to master an objective. In both of
these measures, learning outcomes reported during remote
service delivery during the pandemic were comparable or
even superior to data collected prior to the pandemic. Both
of these educational studies suggest that ABA educational
services can be maintained when transitioning from in-per-
son to remote delivery (Oblak, 2021; Pollard et al., 2021).

Oblak (2021) and Pollard et al. (2021) both provide
strong correlational evidence of the effectiveness of ABA
instruction when making the transition from in-person to
remote service delivery (Oblak, 2021; Pollard et al., 2021).
However, their studies were not experimental. Oblak simply
measured client outcomes prior to and following the tran-
sition to remote instruction due to COVID-19 lockdowns.
Pollard et al. likewise measured client outcomes prior to
and following lockdown and also reported separately on
clients who received technician-delivered and caregiver-
implemented remote instruction. With technician-delivered
remote instruction, instruction was delivered exclusively
by a qualified ABA therapist. With caregiver-implemented
remote instruction, a qualified ABA therapist delivered
instructions that provided appropriate consequences and
were aided by a caregiver who provided prompts and con-
sequences according to the ABA therapist. Although promis-
ing, the available literature base would benefit from experi-
mental work examining the effects of instructional delivery
modality to aid clinicians in making determinations about
the appropriateness of in-person versus remote instruction.
In addition, given that the preponderance of ABA telehealth/
remote literature focuses on behavior reduction, additional
research is needed to clarify the effects on learning novel
academic responses.

In this study, we sought to extend the literature by con-
ducting experimental comparisons of in-person and remote
instruction. To further evaluate these modalities of instruc-
tion, we held constant as many instructional variables as we
could to isolate the effects of delivering instruction in-person
and remotely. We controlled for experimenter antecedents,
target behaviors, consequences, and delivery of instructional
materials on a computer screen. The difference between in-
person and remote instruction was whether the experimenter
was physically present next to the participant or could be
heard through an online platform while the participant was
at home. We took advantage of a hybrid instruction sched-
ule during Fall 2020 whereby children attended school in-
person for 1 week and remotely for a 2nd week throughout
the school semester, which created a naturalistic reversal
design. We considered in-person instruction as the baseline
condition by which to compare remote instruction. We asked
the following questions: (1) Will the rate of learning differ
in a remote setting as compared to in-person? (2) Will the
rate of trial presentations differ in a remote setting as com-
pared to in-person? (3) Will there be a difference in 14-day
and 21-day maintenance measures for target responses in a
remote setting as compared to in-person?

Method
Participants

Six preschool-aged boys participated in this study. We
selected these participants for three reasons: (1) Each child
was participating in a hybrid instructional format across in-
person and remote instruction, which was amenable to this
study; (2) Each participant had the self-management pre-
requisite to remain seated and respond throughout a 30-min
instructional session delivered over teleconference software;
and (3) Each participant’s parent committed to completing
at least one session per day of virtual instruction during the
respective virtual-instruction weeks.

All participants had educational classifications as pre-
schoolers with a disability and had individualized educa-
tion plans (IEPs). The specific disability diagnosis of each
participant was not identified. In the state where the study
was conducted, educational classifications gained children
access to intensive ABA-based education. In terms of ver-
bal behavior developmental cusps (Greer & Ross, 2008) all
participants readily attended to instructors’ faces, instruc-
tors’ voices/directions, and 2D and 3D stimuli according
to the Early Learner Curriculum and Achievement Record
(Greer et al., 2019). Further, all participants demonstrated
advanced listener literacy (i.e., responded to at least 20 vocal
directions without the aid of any visual cues), and had inde-
pendent tact and independent mand cusps (i.e., used vocal
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verbal behavior to mediate their environment for social [tact]
or tangible [mand] functions) in repertoire. All participants
attended classrooms that operated using the CABAS®
(Greer, 2002) system of instruction. This model uses the
principles and tactics of ABA to guide instructional methods
and decisions.

Dente was a 4-year 1-month-old boy and was a fluent
listener (i.e., responded as a listener to at least 20 spoken
instructions) and speaker (i.e., emitted at least 50 tacts and/
or mands) repertoires. He demonstrated incidental bidirec-
tional naming (Inc-BiN) level of verbal behavior, meaning
his listener and speaker repertoires were joined and was
able to learn word—object relations as a speaker incidentally
without direct reinforcement provided by the experimenter.
Dente received a full-scale score of 67 and a verbal compre-
hension score of 76 on the Wechsler Preschool and Primary
Scale of Intelligence (WPPSI)-1V.

David was a 4-year 8-month-old boy who was a fluent
listener (i.e., responded as a listener to at least 20 spoken
instructions) and speaker (i.e., emitted at least 50 tacts
and/or mands) repertoires and demonstrated Inc-BiN.
David received a cognitive score of 96, and communica-
tion score of 80 (81 for expressive language and 78 for
receptive language) on the Developmental Assessment of
Young Children scale.

Jales was a 4-year 4-month-old-boy who was a fluent
listener (i.e., responded as a listener to at least 20 spoken
instructions) and speaker (i.e., emitted at least 50 tacts and/
or mands) repertoires. He demonstrated incidental unidirec-
tional naming (Inc-UniN) level of verbal behavior, meaning
that the listener and speaker repertoires were not joined. He
acquired novel listener responses incidentally, but did not
acquire novel speaker responses incidentally. Jales received
a full-scale score of 77 and a verbal comprehension score of
71 on the WPPSI-IV.

Nat was a 4-year 6-month-old boy who was a fluent
listener (i.e., responded as a listener to at least 20 spoken
instructions) and speaker (i.e., emitted at least 50 tacts
and/or mands) repertoires. Nat demonstrated Inc-BiN. Nat
received a cognitive score of 65, an expressive language
score of 74, and receptive language score of 67 on the Devel-
opmental Assessment of Young Children scale.

Clement was a 3-year 4-month-old boy and was a fluent
listener (i.e., responded as a listener to at least 20 spoken
instructions) and speaker (i.e., emitted at least 50 tacts and/
or mands) repertoires. Clement demonstrated Inc-UniN.
Clement received an auditory comprehension score of 73,
expressive comprehension score of 71, and total language
score of 70 on the Preschool Language Scale.

Mike was a 4-year 6-month-old boy and was a fluent
listener (i.e., responded as a listener to at least 20 spoken
instructions) and speaker (i.e., emitted at least 50 tacts
and/or mands) repertoires. Mike demonstrated no degree

of naming, meaning he did not learn listener or speaker
responses incidentally and required direct instruction and
consequences to learn listener and speaker responses.
Although Mike emitted a variety of mands and tacts in
the instructional setting, he frequently needed prompts to
vocally mand in a noninstructional setting. Mike received a
full-scale score of 63 and a verbal comprehension score of
68 on the WPPSI-IV.

All standardized assessments were performed and
reported by licensed school psychologists on behalf of the
students’ school districts.

Setting

The instructional sessions in this experiment were divided
across two locations. All in-person instruction was deliv-
ered in the students’ classroom in the school whereas remote
instruction was delivered while the participant was at home.
During in-person instructional sessions the experimenter
delivered instruction to the student while they were both
seated on chairs at a table. Throughout in-person instruc-
tion, there were between one and four students present in
the room and three or four teachers delivering instruction
to other students either face-to-face or remotely over a com-
puter. The experimenters were the respective teachers for
each participant and remained the same for each student
across in-person and remote instruction.

During remote instruction, the experimenter presented
instruction from the classroom (or home) through a telecon-
ferencing software (i.e., Zoom) whereas the participant par-
ticipated remotely with a caregiver present throughout the
session to provide support and redirection, if needed. The
caregiver delivered prompts, corrections, or reinforcement
based on the guidance of the experimenter (similar to car-
egiver-implemented instruction in Pollard et al., 2021). For
all participants, in the remote setting, the caregiver present
to facilitate instruction was an adult (e.g., parent or grand-
parent), other than Nat, who had an older sister (approxi-
mately 13 years of age) who helped facilitate instruction
while the parent was present in the house but was not at
Nat’s side during instruction.

Although there were some minor differences in the home
environment across remote sessions (e.g., other siblings
being home, changing of participant’s location from one
room in their house to another), this was not different from
similar changes in the school setting (e.g., number of class-
mates being in the room varied on a given day, particular
location in the classroom where the participant received
instruction might vary across days) and thus it was not noted.

During remote instruction, each student received between
one and three sessions of instruction a week for a duration
of 30 min each. These times were established at the begin-
ning of each week depending on the participant’s and their
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caregiver’s schedule. Once established, these times for
instruction were held constant throughout the week. Dur-
ing in-person instruction, the participant was in the school
setting between 9:00 am and 2:00 pm and received instruc-
tion throughout the day. Across both settings, no specific
recurring time was set for conducting instruction included in
this experiment, but rather the experimental instruction was
interspersed as part of the participant’s overall instruction
and the total number of learning opportunities was yoked
across in-person and remote settings.

Materials

Presentation of instructional materials was identical for in-
person and remote sessions. Experimenters prepared instruc-
tional materials on PowerPoint presentations prior to the
session and presented the materials over the computer screen
during both in-person and remote lessons. The stimuli used
for tact instruction included pictures that covered between
50% and 75% of the PowerPoint slide. For each individual
tact, the experimenter presented four different exemplars
of the stimulus (e.g., four pictures of a dog). The stimuli
used for sight word instruction varied in font, color, and size
within each set and this was held constant across conditions.
Font sizes varied between 16- and 30-point font. During in-
person sessions, the materials in this study were presented
on the screen of a laptop computer. During remote learning,
sessions were conducted using the Zoom teleconferencing
software without confirming which type of device was being
used by the participant in the home setting.

The experimenter implemented a token economy across
conditions. During remote sessions, the experimenter cre-
ated a digital token board that was displayed on the com-
puter screen. During in-person instruction, experimenters
used physical tokens and token boards. Backup reinforcers
were the same across conditions and included access to
watching preferred videos over the computer screen, access
to an iPad, edible reinforcement (e.g., cookies, juice, pan-
cakes), preferred toys (e.g., playdough or toy farm animals)
and vocal praise. Aside from vocal praise and videos played
over teleconference, backup reinforcers were delivered by
the caregivers in the home setting.

Dependent Variable and Measurement

Experimenters measured responses to learn unit (LU)
instruction (Albers & Greer, 1991). In LU instruction, the
experimenter gains the participant’s attention and deliv-
ers a clear unambiguous antecedent. After the partici-
pant’s response the experimenter delivers a consequence.
For correct responses, the experimenter delivered praise
and reinforcement operations. For incorrect responses,

the experimenter provided an error correction procedure
(described below).

The experimenters measured accuracy during LU instruc-
tion per operant (Wong et al., 2021). A correct response
was scored when the participant emitted the target response
within 3 s of the experimenter presenting the antecedent.
An incorrect response was scored if the participant did not
respond within 3 s of the experimenter presenting the ante-
cedent or emitted a response other than the target response.
The acquisition criterion (sometimes referred to as “mastery
criterion’) was seven consecutive correct responses and we
counted the number of operants that met the acquisition cri-
terion in a given instructional week (operant analysis; Wong
et al., 2021; Wong & Fienup, 2022). We also report the num-
ber of LUs required for operants to reach criterion, per con-
dition. During 14- and 21-day maintenance assessments, we
report percentage correct responding to operants that met
the acquisition criterion by dividing the number of correct
responses by the total number of trials multiplied by 100.

Responses to LU instruction were the basis for calcu-
lating dependent variables. The dependent variables were
the average number of learn units a participant required to
master an operant, the average rate (per minute) of learn
unit presentation, and the percentage of correct responses to
maintenance probes for mastered operants conducted 14 and
21 days following mastery. Criterion for mastery was set at
seven consecutive correct responses. Thus, the cumulative
number of operants mastered in each condition was reported
as the number of operants for which the participant emitted
seven consecutive correct responses in each week.

The rate of learning was measured and reported as the
total number of learn units delivered within a condition
divided by the number of operants where the participant met
the acquisition criterion. The rate of learn unit presentation
was measured by having the experimenter start a timer as
they delivered the first learn unit of a session and turning off
the timer upon completion of the final learn unit of a session.
The time of the session was divided by the number of learn
units delivered to obtain the number of learn units per min.

Procedure

This study was conducted during a portion of ongoing edu-
cational services provided to the participants that aligned
with [EP goals. We implemented a series of controls across
the method and distribution of how instruction was delivered
as well as how targets were selected. The purpose of these
controls was to hold all variables constant across in-person
and remote modalities aside from the modality in which
instruction was delivered. This included having the same
experimenter work with a single child during both in-person
and remote teaching sessions. What follows is an overview
of variables controlled for during this experiment.
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Precomparison Control Procedures

Controlling Instruction across Weeks We held constant
instructional variables across 2-week comparison time
periods. For each direct comparison of in-person and
remote instruction, we controlled variables across a spe-
cific 2-week period and not necessarily across multiple
2-week periods. To ensure equal distribution of instruction,
experimenters delivered instructional sessions for targets
included in this experiment daily on the maximum number
of days or sessions that could be conducted equally across
both week in the 2-week comparison. As a rule, sessions
were delivered on either 3 or 4 days per week as variables
such as instructional days on the school calendar or par-
ticipant availability needed to be accounted for across a
2-week comparison. If school was in session on days when
experimental instructional targets were not taught, other
instructional programming was delivered in its place and
was not included in this experiment.

Once the number of instructional days was equated across
a 2-week comparison, we set a target learn unit goal per
session. This number was held constant across each session
within that 2-week comparison (i.e., across a week of remote
and a week of in-person instruction). This determined the
total LU each participant received per week in instructional
modality (e.g., if a participant received 21 LU per session
across 4 sessions (84 LU total) in 1 week of remote instruc-
tion, they would receive the same distribution of instruc-
tion in the week of the in-person instructional condition.
Throughout instructional sessions in a 2-week compari-
son, the total number of independent learn units was held
constant across conditions. All instruction was delivered
on a computer screen—both during in-person and remote
instruction.

Controlling Targets across 2-week Comparisons After the
distribution of instruction (how many instructional days and
how many LU per session) was established, experimenters
selected target operants to be taught. The potential target
operants to be taught were selected by assembling a list of
potential target tacts and sight words limited by a range of
parameters including total number of syllables per word, first
letter/sound of the word, and category of tact (e.g., actions,
animal, food item). Probe trials were then conducted to
determine if the participant already had the target response
in their repertoire (description of specific procedures are pro-
vided below). If the participant emitted a correct response on
any of the probe trials, we removed those stimuli from the
list of potential target operants. If the participant did not emit
any correct responses to any of the probe trials, then target
was left in the list. After determining which target operants
the participants did not have in their repertoire, the remain-
ing targets were placed into two groups so that each group

had potential targets with equivalent parameters as described
above. These groups of targets were then randomly assigned
to one of the instructional conditions, either remote or in-
person (Cariveau et al., 2021).

Target sets were assigned using the logistical analysis
method (Cariveau et al., 2021; Wolery et al., 2014). That is,
the experimenters equated operants based on the number of
syllables in the target responses and targets that were pho-
netically or visually similar were not included in the same
sets. Sight words were selected from the same Dolch sight
word lists across comparisons.

Instructional Procedures

Preexperimental Screening After assembling the list of
potential targets, the experimenter conducted unconsequated
probes for each participant to determine which responses
were not yet in the participant’s repertoire by presenting each
stimulus three times. Probe trials consisted of the experi-
menter presenting the target stimulus on the screen and ask-
ing, “What is this?” The experimenter did not provide accu-
racy feedback to the participant; however, the experimenter
praised related attending behavior.

Learn Unit Instruction During learn unit instruction, the
experimenter established attending behavior by saying
the participant’s name and presenting a preferred backup
reinforcer to establish the motivating conditions to attend
to the instructor’s antecedent. When the participant ori-
ented toward the experimenter, the experimenter started the
timer and delivered the first learn unit. In the learn unit,
the experimenter presented the target stimuli on a computer
screen (either a picture or a sight word) and presented the
vocal antecedent “What is this?”” and waited up to 3 s for the
child to respond. If the child responded correctly, the experi-
menter delivered vocal praise or a token (depending on the
participant and their history of consequences). If the child
emitted an incorrect response, the experimenter conducted a
correction procedure that consisted of modeling the correct
response and then re-presenting the antecedent in order to
allow for the participant to have an independent opportunity
to respond to the antecedent. If the participant responded
correctly following the correction, the experimenter contin-
ued to the next trial. If the participant responded incorrectly
or did not respond within 3 s, the experimenter repeated the
correction procedure up to three times before continuing to
the next trial. Experimenters did not praise or deliver tokens
for independent responses following a correction procedure.

When introducing novel targets, the experimenter pro-
vided two or three prompted responses before delivering
learn units for independent responses. The type of prompt
provided by the experimenter varied depending on the level
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of verbal behavior of the participant. The experimenter
modeled object-names for Nat, Dente, and David prior to
presenting trials with an independent response require-
ment. This was based on previous research demonstrating
children with Inc-BiN benefit from such models (Hran-
chuk et al., 2019). Experimenters presented three echoics
as a response prompt (Billingsley & Romer, 1983) prior to
introducing an independent response requirement for Jales,
Clement, and Mike.

Each session consisted of 21 trials across three different
operants. Thus, experimenters presented each operant for
seven trials within a session. Within each session, learn units
were rotated across operants so that the same target was not
presented two times consecutively. Learn unit instruction
was delivered for each target operant until the participant’s
responding met the acquisition criterion set at seven consec-
utive responses. Seven consecutive responses were selected
as acquisition criterion as that was the maximum number of
presentations of a single operant in an instructional session
and would thus represent the equivalent of 100% accuracy in
a single session (Fuller & Fienup, 2018; Wong et al., 2021;
Wong & Fienup, 2022). The acquisition criterion of seven
consecutive responses was scored whether the consecutive
response occurred within or across sessions. Once a single
target response met the acquisition criterion, that target was
removed from the session and the next available novel target
was introduced to the session.

For all participants, three different tact operants were
taught in rotation in each session. For Nat, an additional
four sight words were taught in rotation in each ses-
sion. Nat was the only participant to receive sight word
instruction because he was the only participant with
sight words included as part of his regular curricular
objectives. Thus, Nat had an additional 21 LU of sight
word instruction in addition to tact instruction. Data were
recorded separately for each potential operant. When a
participant emitted seven consecutive independent cor-
rect responses (within a session or across sessions) to
a target operant that target was scored as mastered and
removed from the rotation. A new target was then entered
into the rotation of targets to be taught as outlined by
Wong et al. (2021).

In-person instruction. All instruction for participants
was delivered by the same experimenter that delivered
instruction to the participant throughout the school year.
In the in-person instructional session the experimenter sat
with the participant at a table in the child’s classroom and
after establishing that a backup reinforcer was in place
delivered learn unit instruction until the participant com-
pleted the predetermined number of independent learn
units for the session.

Remote instruction. During remote instruction, the
experimenter delivered instruction from the classroom or
home' whereas the participant participated from a home
setting with a caregiver present to help facilitate the les-
son. The caregiver helped in redirecting the participant if
they needed redirection to attend to the instructor and to
deliver backup reinforcers when the child earned them.
Instruction was led by the experimenter with support pro-
vided by the caregiver as described above.

Maintenance and Generalization Follow-up probes were
conducted 14 and 21 days after the participants mastered
objectives. The 14-day maintenance probe was conducted
in the same setting as the original operants were mastered,
whereas the 21-day maintenance and stimulus generalization
probes was conducted in the opposite setting (generaliza-
tion across modalities). Thus, for example, if an operant was
mastered during the in-person condition, the 14-day mainte-
nance probe was conducted in an in-person setting whereas
the 21-day probe was conducted in a remote setting.

Experimental Design

We used a naturalistic reversal design (Cooper et al., 2007)
to test the efficacy of remote instruction to in-person instruc-
tion across all dependent variables. The comparison con-
trols described above were held constant across each 2-week
period but not across separate 2-week periods due to dif-
ferences in schedules, number of LU, or number of days
that instruction was delivered across different comparisons.
In this design, after ensuring that the target operants were
not in the participant’s repertoire, the experimenter equated
targets so that they would be comparable and taught across
in-person or remote instruction conditions. The experi-
menter assigned target sets using the logistical analysis
method (Cariveau et al., 2021; Wolery et al., 2014). Instruc-
tion occurred in one context for 3 or 4 days and then in the
other context for the same number of days—according to
the hybrid educational schedule for the school. The number
of days in which the participants received intervention was
yoked across each 2-week period such that if there were only
3 days available for an in-person week, we delivered inter-
vention on 3 days of the remote week whereas other instruc-
tional objectives not included in this analysis were taught
on the other days. The experimenter rotated the modality
of learn unit instruction (in-person or remote) each week as

! Remote instruction was delivered by the experimenter from the
school setting Monday—Thursday. On Fridays the school building was
closed so instruction was delivered from the teacher’s homes.
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part of the school’s preexisting schedule.? At the end of each
week, the participant’s data were collected and included for
analysis in this experiment. The number of days on which
learn unit instruction was delivered as well as the number
of experimental trials was held identical across comparison
conditions. Conditions switched at the end of each week
as the participant changed their modality of instruction
(in-person or remote) based on the school’s schedule. It is
important to note that although only data collected during
the predetermined number of days per week was included
for analysis, for ethical considerations any target that was
not mastered during the experiment was taught outside of
the experiment during standard instruction.

Interobserver Agreement and Treatment Fidelity

Trial-by-trial interobserver agreement (I0OA) was conducted
throughout this experiment. IOA was collected by the super-
visor as part of the Teacher Performance Rate and Accuracy
(TPRA) procedure (Ingham & Greer, 1992) or by a trained
independent observer who was a graduate student pursu-
ing a master’s degree in school psychology. The training of
the observer consisted of conducting IOA together with the
supervisor until the observer scored two sessions consecu-
tively with 100% agreement. IOA was calculated by com-
paring the data recorded by the experimenter and that of the
observer and dividing the number of agreed-upon trials by
the total trials recorded and multiplying by 100%. Trial-by-
trial IOA was collected for 36% of sessions for Dente with
a 100% agreement, 25% of session for David with a mean
agreement of 99% (range: 95%—100%), 25% of sessions for
Jales with a mean agreement of 98% (range: 95%—100%),
27% of sessions for Nat with a mean agreement of 97%
(range: 96%—100%), 27% of sessions for Clement with a
mean agreement of 100%, and 43% of sessions for Mike with
a mean agreement of 99% (range: 95%—100%).

An independent observer used the TPRA assessment to
evaluate treatment fidelity. Treatment fidelity for the instruc-
tor delivering instruction was measured by the supervisor by
evaluating the accuracy of each antecedent and consequence
presentation made by the experimenter. The percentage of

2 Due to restriction in building capacity due to COVID-19, only
half the student population was permitted to be present in the school
building at a time. Therefore, half of the student body received in-per-
son instruction each week while the remaining half received remote
instruction. These groups then switched the following week with the
students who had received remote instruction in Week 1 switching to
in-person instruction during Week 2. On the other hand, the students
who had received in-person instruction in Week 1 switched to remote
instruction for Week 2. This rotation happened each week. In-person
instruction was available for students Monday—Thursday whereas
all students received virtual instruction on Fridays due to the school
building being closed for disinfection.

fidelity was obtained by calculating the number of correct
components delivered and dividing that number by the total
number of components in the session and multiplying by
100%. Treatment fidelity was conducted for 14% of ses-
sions with 100% fidelity for Dente, 16% of sessions with
98% fidelity (range: 95%—100%) for David, 10% of sessions
for Jales with a 100% fidelity, 9% of sessions for Nat with a
mean of 97% fidelity (range: 96%—-97%), 27% of sessions for
Clement with a mean of 100% fidelity, and 21% of sessions
for Mike with a mean of 93% fidelity (range: 82%—100%).

Results

To establish a benchmark for determining differences
between conditions, we adopted a standard of 20% differ-
ence. The 20% difference was selected as it is slightly more
than one standard deviation above the mean of a normal
distribution. In figures, we note differences that were 20%
or greater with a *.

Number of Targets Meeting Criterion

Figure 1 displays the number of operants with criteria
met for each participant per comparison for each par-
ticipant per week for in-person (black bars) and remote
(grey bars) instruction. Dente acquired at least 20% more
operants during in-person instruction across both com-
parisons. David acquired at least 20% more operants dur-
ing in-person instruction for one of three comparisons
while acquiring at least 20% more operants remotely
in the other two of three comparisons. Jales acquired
at least 20% more operants during in-person instruction
across both comparisons. Nat showed less than a 20%
difference in number of operants learned across both
comparisons. Clement acquired at least 20% more oper-
ants during in-person instruction across both compari-
sons. Finally, Mike acquired at least 20% more operants
remotely across both comparisons.

Thus, three participants learned at least 20% more oper-
ants during in-person instruction across all comparisons,
one participant learned at least 20% more operants remotely
across all comparisons, one participant showed no differ-
ence, and one participant learned 20% more operants during
one in-person comparison and learned 20% more operants
during the remaining two remote comparisons.

Across all participants, participants acquired at least
20% more operants during in-person instruction for 7 of
13 (54%) comparisons, while acquiring 20% more operants
during remote instruction in 4 of 13 (31%) comparisons
with less than a 20% difference in the remaining 2 of 13
(15%) comparisons. Overall, during in-person instruction,
participants acquired 20% more or an equivalent number
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Fig. 1 Number of operants meeting criterion per comparison condi-
tion. Black bars represent in-person instruction while gray bars rep-
resent remote instruction. An asterisk (¥) on top of the condition
indicates a difference of 20% or more during in-person instruction
whereas a plus symbol (+) indicates 20% or more learning during

of operants for 69% of all comparisons when compared to
remote instruction.

Rate of Learning

Figure 2 displays the rate of learning (i.e., mean number
of LU delivered per operant meeting the acquisition cri-
terion) for each participant per week for in-person (black
bars) and remote (grey bars) instruction. Dente learned at
least 20% faster (i.e., 20% LU or fewer LU per STO) dur-
ing in-person instruction across both of his comparisons.
David learned at least 20% faster for one of three com-
parisons while learning in-person and at least 20% faster
during remote instruction in the other two comparisons.
Jales learned at least 20% faster during in-person instruc-
tion across both of his comparisons. Nat’s rate of learning
across in-person and remote instruction was undifferenti-
ated during both comparisons according the 20% differ-
ence criterion. Clement learned at least 20% faster during

remote instruction . The condition labels indicate the total number of
LU delivered during each week within that comparison. All variables
were held constant during each comparison and is thus represented by
the phase change lines

in-person instruction across both comparisons. Finally,
Mike learned at least 20% faster during remote instruc-
tion in one comparison while showing less than a 20%
difference in the other. Thus, three participants learned
faster during in-person instruction across all comparisons,
one participant learned faster during remote instruction
across both comparisons, one participant did not show a
difference in rate of learning or rate of instruction across
either of two comparisons, and one participant showed a
faster rate of learning in one in-person comparison while
learning faster remotely in his other two comparisons.

In total, using a minimum of 20% as a measure of differ-
ence, participants learned faster during in-person instruc-
tion in 7 of 13 (54%) comparisons, while learning faster in
3 of 13 (23%) comparisons during remote instruction, and
showing less than a 20% difference in 3 of 13 (23%) of com-
parisons. It should be noted that the rate of learning during
remote instruction was 20% faster or equivalent to in-person
instruction across 6 of 13 (46%) of comparisons.
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Fig.2 Average number of learn units to meet a criterion per com-
parison condition. Black bars represent in-person instruction while
gray bars represent remote. An asterisk (*) on top of the condition
indicates a difference of 20% or more during in-person instruc-
tion while a plus symbol (+) indicates 20% or more learning during

Rate of LU Presentation

Figure 3 displays the rate of instructional completion meas-
ured as number of LU completed per min for each participant
per week for in-person (black bars) and remote (grey bars)
instruction. Dente completed all LU during instructional ses-
sions at least 20% faster (i.e., 20% more LU per minute) dur-
ing in-person instruction in one comparison while showing
no difference in the other. David completed all LU during
instructional sessions at least 20% faster during in-person
instruction across one of three comparisons while complet-
ing instruction in the other two of three comparisons with
less than a 20% difference. Jales completed all LU during
instructional sessions at least 20% faster during in-person
instruction across both comparisons. Nat completed all LU
during instructional sessions at least 20% faster during in-
person instruction for one comparison while showing less
than 20% difference in the other. Clement completed all
LU during instructional sessions at least 20% faster during

Weeks

remote instruction. The condition labels indicate the total number of
LU delivered during each week within that comparison. All variables
were held constant during each comparison and is thus represented by
the phase change lines

in-person instruction for one comparison while showing
no difference in the other. Mike completed all LU during
instructional sessions with less than a 20% difference across
conditions in both comparisons.

In total, using a minimum of 20% as a measure of dif-
ference, participants completed all LU during in-person
instruction faster in 6 of 13 (46%) comparisons while show-
ing less than a 20% difference in the remaining 7 of 13 (54%)
comparisons. Of note, no participants completed all LU dur-
ing instructional sessions 20% faster remotely when com-
pared to in-person across any comparisons.

Response Maintenance and Stimulus Generalization

Figure 4 displays the rate of the percentage of correct
responses to follow-up probes conducted 14 days (dark
bars) and 21 days (white bars) after meeting criterion for
mastery of an operant for each participant per comparison.
Dark bars (14-day maintenance) are differentiated across
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Fig.3 Average number of learn units per minute across in-person
and remote comparisons. Black bars represent in-person instruction
while gray bars represent remote. An asterisk (*) on top of the condi-
tion indicates a difference of 20% or more during in-person instruc-
tion while a plus symbol (+) indicates 20% or more learning during

in person and remote sessions with maintenance follow-
ing in-person instruction being represented as black bars
and maintenance following remote instruction being rep-
resented as grey bars. Probes measured 14 days following
meeting the acquisition criterion represent a measure of
response maintenance (testing in same context as teaching)
and 21-day probes represent a measure of maintenance
and stimulus generalization (testing in other context than
teaching). In the following section, we report each 14-day
pair and each 21-day pair within a phase as a separate
comparison.

To best interpret the Fig. 4, comparisons should be con-
ducted between bars within the same phase lines as instruc-
tional conditions were held constant for all instruction within
a phase line but not across phase lines. Within each phase,
14-day maintenance (solid fill) and 21-day maintenance
and generalization (no fill) for targets mastered during in-
person instruction are demarcated with black fill and outline
whereas follow up data for 14-day maintenance and 21-day

—— - - e = - e = = - - e e = = - - e = - - —

Weeks

remote instruction. The condition labels indicate the total number of
LU delivered during each week within that comparison. All variables
were held constant during each comparison and is thus represented by
the phase change lines

maintenance and generalization are demarcated with grey fill
and grey outline for the above measures respectively.

Several different comparisons can be studied in the follow
up data. To compare response maintenance (14-day probe)
to response maintenance and stimulus generalization (21-
day probe) within targets mastered in the same modality,
one would compare the solid fill bar to the white bar with
an outline of the same color as the solid fill bar (e.g. a black
bar [14-day] would be compared to a white bar with black
outline [21-day] whereas a gray bar [14-day] would be com-
pared to a white bar with a gray outline [21-day] within the
same phase). Of note, white bars with a black outline are
always placed immediately next to the black bars whereas
white bars with a gray outline are always placed immediately
next to the gray bars.

To compare response maintenance (14-day) measures
across modalities, one would compare bars with solid fill
within the same phase (e.g., black bar [in person] to a gray
bar [remote]). To compare response maintenance along with



Behavior Analysis in Practice

100 - — i 5 100 - \

90 - | o 90 - 1

2 | l 80 1 I

70 4 " | 70 |

60 4 1 | 60 1

1 ] - 1

50 N | 50 - 1

40 : : 40 - |

30 A 1 | 30 A 1

20 A ' ! 20 :

1 |
0 : : 0 !
100 - M — | | 100 - . ar
590 1 : : 90 - "
L 80 1 | 80 1
= 1 1 1
o 704 | | 70 A 1
U 60 A 1 | 60 - :
| |

S 504 1 I 50 A 1

S 40 1 ! : 40 4 :

D 30 - " | 30 B

2 |

T 207 : : 20 4 1

0 1 ] = 0 ’ : y | 1 |

1 |

100 1 : ! 100 - |

90 " | 90 d -

80 A ! ! 80 M 1

1 | 1

70 1 1 1 70 1

60 ! ! 60 4 1

| | |

50 A | | 50 A 1

40 - ! ! 40 !

, | ] 1

30 4 1 ] 30 - 1

20 A : : 20 - :

0 Ly L . ; — 0 |

1 2 3 4 5 6 7 1 2 3 4 5 6 7
Weeks

Fig.4 Percent of correct responses for 14-day and 21-day follow-up
probes. Dark bars represent follow-up from operants mastered dur-
ing in-person (black) and remote (gray) instruction during the 14-day
assessments (maintenance). White bars represent follow up probes

stimulus generalization across modalities, one would com-
pare white bars with black outline to the white bars with the
gray outline within the same phase.

Dente demonstrated less than a 20% difference in correct
responding in all follow-up probes across the four compari-
sons (14-day in first comparison/phase, 21-day in first com-
parison/phase, 14-day in second comparison/phase, 21-day
in second comparison/phase). David responded with 20%
greater accuracy in follow-up probes following in-person
instruction for two of six comparisons (14-day in second
comparison/phase and 21-day in third comparison/phase)
while demonstrating no difference for the remaining four of
six comparisons. Jales responded with 20% greater accuracy
following remote instruction for one of four comparisons
(21-day in first comparison/phase) while demonstrating
20% greater accuracy in two of four comparisons following

of operants during the 21-day (white bars) follow up probes (main-
tenance and generalization). The x-axis reflects the temporal order of
weeks during intervention. Complete follow-up data were not avail-
able for Nat

in-person instruction (14-day and 21-day in second compari-
son/phase), and no difference for the remaining comparison.
Nat responded with 20% greater accuracy following in-per-
son instruction during the 14-day maintenance assessment
(only comparison with maintenance data). No additional
maintenance and generalization data were collected due to
lapses in attendance. Clement responded with 20% greater
accuracy following in-person instruction for three of four
comparisons while demonstrating less than a 20% difference
for the remaining comparison (14-day in first comparison/
phase). Mike demonstrated less than a 20% difference in
correct responding in all follow-up probes.

In total, participants responded with 20% or more correct
responses following in-person instruction for 8 of 23 (35%)
comparisons, 20% more correct responses following remote
instruction for 1 of 23 (5%) of comparisons, and less than a
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20% difference across the remaining 14 of 23 (64%) com-
parisons. This indicates that in-person instruction resulted
in an equal or greater number of correct responses across
96% of comparisons.

When subdividing the 23 comparisons to maintenance
(14-day) and maintenance with generalization (21-day)
probes, there were 20% more correct responses in 5 of 12
(42%) maintenance (14-day) probes following in-person
instruction whereas there was no difference in the remaining
7 of 11 (64%) probes. For the 21-day (maintenance with gen-
eralization) probes, there were 20% more correct responses
in 3 of 11 (27%) probes following in-person instruction, 1 of
11 (9%) probes following remote instruction, and no differ-
ence in the remaining 7 of 11 (64%) of probes. Overall, the
outcomes showed comparable maintenance and generaliza-
tion across in-person and remote instruction, with a small
advantage for learning that occurred in-person.

Discussion

In order to test the effects of instructional modality on edu-
cational dependent variables, we used a naturalistic rever-
sal design to teach a series of operants across the in-person
and remote instructional modality while controlling many
other confounding variables. Using a minimum difference
of 20% to be considered different, the results of this experi-
ment indicate that, when all else is held constant, completing
instruction in-person resulted in acquiring more operants for
54% of comparisons, faster instructional delivery for 46% of
comparisons and better maintenance for 35% of comparisons
(42% of maintenance probes at 14 days, and 27% of mainte-
nance with generalization probes at 21 days). This is com-
pared to 20% greater learning in remote instruction for 31%
of comparisons for number of acquired operants, 0% for rate
of instructional delivery, and 5% of 14- and 21-day follow-
up maintenance measures (the only difference was in one
21-day maintenance with generalization probe). The remain-
der of comparisons had showed less than a 20% difference.

The number of comparisons that resulted in near-equiv-
alent learning outcomes (36% for operants mastered, 54%
for rate of instructional completion, and 69% of mainte-
nance measures) demonstrates that learning still occurs and
remote instructional presentation should be considered as a
viable approach where other factors support its considera-
tion. Although this study’s findings indicate that in-person
instruction resulted in equal or better learning outcomes
when compared to remote instruction in many cases, learn-
ing consistently did occur during remote instruction. The
findings in our comparison between in-person and remote
instructional delivery should help encourage further research
to identify the conditions under which remote instruction

should be considered and selected if in-person instruction
is not readily available.

These results add nuance to the findings of Oblak (2021)
and Pollard et al. (2021) who reported on the effectiveness
of remote instruction following the transition from in-
person instruction due to the pandemic lockdown. In our
experiment we looked at clinician delivered intervention
targeting acquisition of novel academic responses. We
found that although in-person instruction often resulted
in more robust outcomes, approximately half of remote
instructional comparisons resulted in near-equivalent out-
comes. This supports the findings from the literature above
that remote instructional delivery can be considered a viable
alternative to in-person instruction when in-person instruc-
tion is not readily available.

The findings reported herein support existing literature
reporting on the effectiveness of teaching in a remote modal-
ity (e.g., Hay-Hansen [2013] reporting on discrete trial train-
ing, and Pellegrino and DiGennaro Reed [2020] reporting
on effective training using total-task chaining). However,
our experimental results differ slightly from the findings of
Pollard et al. (2021), who reported that there was a slight
increase of correct independent responding across all targets
during remote instruction compared to in-person instruction.
Although our measures reported herein differ from the meas-
ures recorded by Pollard et al. because our measures imply a
slight quicker learning outcomes to in-person instruction, the
implication that the viability of remote instruction should be
further investigated is shared by both reports.

The above studies provide some initial data suggesting
that individuals with disabilities can benefit from remote ser-
vice delivery over teleconference. In the conclusion of a sys-
tematic review of ABA delivered remotely, Unholz-Bowden
et al. (2020) concluded that the limited evidence currently
available seems to support the effectiveness of ABA ser-
vice delivery remotely. The current study extends the above
research in that it also demonstrates effectiveness of remote
service delivery as do Ferguson et al. (2020) and Pellegrino
and DiGennaro Reed (2020) but extends those findings by
evaluating the relative effectiveness of remote instruction
compared to identical instruction delivered in-person. With
results indicating similar levels of correct responding on
follow-up probes for objectives mastered during in-person
and remote instruction (similar to the topic of analysis by
Pollard et al., 2021), this study found that the participants
maintained similar levels of correct responding demon-
strated during in-person instruction when there is a transition
of service delivery to remote. However, this study diverges
from Pollard et al. (2021) in that it provides a detailed analy-
sis of variables such as number of LU per minute, objectives
mastered, and rate of learning for each participant whereas
Pollard et al. (2021) reports on aggregate data across par-
ticipants on overall levels of correct responding. Thus, it
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can be argued that this study provides direct measures of
operant acquisition or educational responses whereas the
data reported by Unholz-Bowden et al. (2020) and Pollard
et al. (2021) either emphasize therapy/reduction of prob-
lem behavior, or aggregated measures that do not provide
detailed analysis of learning.

Finally, it is important to note that a faster rate of LU
presentation has been related to improved participant
learning (Ingham & Greer, 1992). There was less than
a 20% difference in rate of LU presentations in 54% of
comparisons and in the remaining 46% of comparisons,
participants receiving instruction in-person demonstrated
an increase of at least 20% in number of learn units com-
pleted per minute. Of note, that during our experiment,
the LU delivered per minute was not 20% faster during
remote instruction across a single comparison. Thus, dur-
ing remote instruction, the number of LU delivered per
minute was able to be maintained at a near-equivalent
rate in approximately half of the comparisons compared
to in-person instruction.

Implications for Practice

This experiment was conducted at a time when much
of the world was utilizing remote instruction due to the
COVID-19 pandemic. However, the implications of such
a program of research reach beyond emergency pandemic
measures and can inform service provisions in early child-
hood settings beyond pandemic times. Thus, the above
research adds to the early research in supporting remote
delivery of ABA services. If further research provides
more data supporting similar findings as ours, this can
provide stronger support for removing barriers for access
to ABA services due to geographical distance. Further,
as our findings demonstrate that substantial learning can
occur in remote settings, this can inform service provi-
sions in early childhood settings where training and sup-
port of staff can be accomplished by clinicians providing
services remotely.

Despite the potential effectiveness of remote instruc-
tion, it is important to note that remote instruction can
create new barriers as well. New barriers can include
limitations relating to access to internet, fluency in using
computer software needed for remote instruction, as well
as limited access to necessary hardware may hamper
some students from benefitting from remote instruction.
Finally, because caregiver availability is needed to facili-
tate remote instruction, especially in the early childhood
setting, this can pose a limitation for students who do
not have available caregivers. Thus, if remote instruction
were to be more widely adopted, it will be important to
account for new barriers that may arise.

Limitations and Implications for Future Research

It is important to mention some considerations when inter-
preting the results from this comparison between in-person
and remote instruction. One particular area to highlight is
the effect of establishing operations and their influence on
results from the home setting compared to an in-person set-
ting. For example, during in-person instruction, the partici-
pant was in the classroom throughout a 5-hr window. During
remote instruction, the timing of instructional sessions was
fixed at the beginning of each week. This added flexibility
in the in-person setting, might allow the experimenter to
respond to possible establishing operations that might influ-
ence responding. For example, if the experimenter noticed
the participant was hungry, they might first provide lunch
before continuing instruction. In a similar situation during
remote instruction, the caregiver in the home setting may try
to complete the instructional session before providing lunch
as the time for the instructional session is preestablished.

In addition, having a caregiver present throughout
instruction in the remote setting may present a setting event
that may alter the instructional control established by an
experimenter in an in-person setting. Further, given that in-
person instructional sessions took place in the participants’
school setting, where a primary goal is to teach academic
responding, it is likely that the physical environment of the
instructional sessions may support academic responding
more in the school setting compared to the home setting
where formal academic responding is usually not encour-
aged as consistently.

There were some limitations to be considered when inter-
preting the results of this experiment. One area to consider is
the characteristics of the participants which met criteria for
inclusion. First, all participants were under instructional con-
trol and required minimal prompts in order to remain seated
and attend to the instructional sessions. For some children, a
period of time to establish instructional control for the child
to participate throughout the duration of an instructional ses-
sion may be needed before achieving results similar to those
reported herein.

Further, it is important to emphasize that these find-
ings were achieved with participants with similar levels
of verbal behavior. All participants in this study emitted
at least 25 independent tacts or mands and responded as
listeners to at least 25 spoken instructions. Thus, this
research should be extended to include participants who
do not yet have similar levels of listener and speaker
behaviors in their repertoire to test if the modality of
instruction will relate to changes in educational out-
comes. Further, the target operants that were taught in
this study included tacts and whole-word sight words,
which required, for these participants, relatively low lev-
els of response-effort compared to other programs that
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require greater response effort. An example of a more
effortful educational response that may prove to be more
challenging in a remote modality might include a mul-
tiword sentence or multistep math problem. It might be
the case that target operants that require greater level of
response effort might produce different outcomes than
what was demonstrated here. Further research could
address this limitation by replicating these effects across
a wider variety of target operants.

Another limitation is that measures of caregiver respond-
ing (e.g., rate of approvals, prompting, involvement in
instruction) were not included in this investigation. As the
caregiver helped facilitate instruction during remote ses-
sions, it is reasonable to assume that variables of caregiver
behavior will affect the participant’s learning (Kim & Fie-
nup, 2022). In addition to identifying prerequisite skills
for children to benefit from remote instruction, it would
be meaningful to identify which caregiver repertoires are
necessary to strengthen to better facilitate child learning.

Despite these limitations, these findings are signifi-
cant in that they demonstrate with a tightly controlled
experiment where all else is held constant, in-person
instruction results in more robust learning outcomes
more consistently than remote instruction whereas
remote instruction also results in consistent positive
learning outcomes. Replicating such an investigation on
a wider scale will be important because it would improve
external validity. Such data can help guide policy over
remote instruction as well as helping identify potential
prerequisites that may allow participants to benefit more
from remote instruction.
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