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Abstract

According to the Behavior Analyst Certification Board (BACB), services commonly provided by behavior analysts include
writing and revising protocols for teaching new skills. To our knowledge, there are currently no published, peer-reviewed
articles or texts focused on developing skill acquisition protocols. The purpose of this study was to develop and evaluate
the effectiveness of a computer-based instruction (CBI) tutorial on acquisition of skills related to writing an individual-
ized protocol based on a research article. The tutorial was developed based on a variety of expert samples recruited by the
experimenters. Fourteen students enrolled in a university behavior analysis program participated in a matched-subjects
group experimental design. The training was separated into three modules on protocol components, identifying important
information in a research article, and individualizing the protocol for a learner. Training was self-paced and completed in
the absence of a trainer. The training included the following behavioral skills training components: instruction, modeling,
individualized pacing, opportunities to actively respond and rehearse skills, and frequent specific feedback. The tutorial
resulted in a significant increase in accuracy of protocols during posttest when compared to a textual training manual. This
study contributes to the literature by applying CBI training procedures to a complex skill, as well as evaluating training in
the absence of a trainer, and provides a technology for clinicians to learn effectively and efficiently to write a technological,

individualized, and empirically based protocol.
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According to Baer et al. (1968), a defining feature of behav-
ior analytic interventions is that they are technological; that
is, they describe all relevant contingencies, stimuli, and
responses such that the procedures can be replicated. In
behavioral intervention programs, it remains important that
acquisition and reduction programs include detailed infor-
mation to ensure that the programs will be implemented
accurately. The Behavior Analyst Certification Board
(BACB, 2022a) outlines services commonly provided by
behavior analysts, including writing and revising protocols
for both teaching new skills and reducing problem behavior.
At a minimum, such protocols provide a description of target
client behaviors and intervention procedures for instructors
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to follow but may include additional details such as pre-
requisite skills (Maurice et al., 1996; Miltenberger, 2007).
A protocol may be used as a (1) training tool for behavior
technicians; (2) job aid to reference while implementing pro-
gramming; (3) record of intervention procedures; and (4) the
framework for developing procedural integrity checklists to
measure accountability.

A line of research exists evaluating the contents of behav-
ior support plans intended to address behavior reduction in
particular (Quigley et al., 2018; Vollmer et al., 1991; Wil-
liams & Vollmer, 2015). These studies used a combination
of indirect methods to make recommendations, including
surveying behavior analysts, or examining the content of
existing documents. For example, Williams and Vollmer
(2015) developed a list of 20 essential components of writ-
ten behavior reduction protocols based on expert evalua-
tion. These components were identified by surveying 36
experts across several journal editorial boards who rated 28
items from essential to nonessential using a five-point Likert
scale. Although some of the 20 items identified as essential
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could apply to skill acquisition programs (i.e., defined target
behaviors, measurable objectives, detailed data collection
procedures, specific generalization and maintenance strat-
egies, and consequences for target behavior), most apply
primarily to behavior reduction programming. In addition,
skill acquisition programs require different components such
as prompts, prompt fading, and reinforcement. Although
not completely aligned with skill acquisition, the research
on behavior reduction provides us with insight on how to
evaluate content of clinical documentation. In addition to
demonstrating that survey results often match the content
of existing quality documents, repeated measures on behav-
ior plan documents over time demonstrate little change. For
example, Quigley et al. (2018) state that “the survey data
indicate much of what was considered essential for 25 years
is still considered essential by behavior analysts today. This
consistency of opinion over time could help facilitate prac-
tice guidelines for essential components of written behavior
plans” (p. 442). They also support the notion that investiga-
tions of this nature can be used to develop practice guide-
lines, trainings, and job expectations.

To our knowledge, there are currently no published, peer-
reviewed articles focused on developing skill acquisition
protocols. Although it is common for these documents to
interchangeably be referred to as protocols, programs, or
curricula, the term “protocol” will be used for the purpose
of this article. In our experience, we have anecdotally noted
that skill acquisition protocols are often based on in-house
or commercially available templates or preexisting protocols.
For example, a clinic may maintain an in-house database of
templates for various commonly implemented programs
(e.g., gross motor imitation, visual-visual matching) that an
instructor can individualize for a specific learner. As an alter-
native, an instructor might use a protocol previously written
for a different learner and moditfy it as needed. Commercially
available resources include books or curricula that guide pro-
viders on how to progress from assessment results to quality
goals and programs and often provide detailed protocols to
use (e.g., Fovel, 2001; Knapp & Turnbull, 2014a, 2014b,
2014c; Leaf et al., 1999; Maurice et al., 1996; Mueller &
Nkosi, 2010). For example, The Big Book of ABA Programs
(Mueller & Nkosi, 2010) includes over 500 protocols that can
be photocopied and used for learners. Multiple online pro-
grams also provide detailed program protocols and templates
(e.g., ABADat, 2022; The New England Center for Children,
2020; Rethink Behavioral Health, 2022). As another exam-
ple of ready-made skill acquisition programming, the Autism
Curriculum Encyclopedia (The New England Center for
Children, 2020) provides subscribers with more than 2,000
customizable lesson plans based on behavior analytic strate-
gies across a wide array of skills. These types of curricula
may be helpful in that they often (1) offer a variety of skills to
teach; (2) break down teaching steps; (3) suggest prompts and

error correction; (4) streamline program development; and
(5) may be aligned to the organization’s preferred approach,
making following the steps easier on the part of the behavior
technician.

Despite some benefits, this method of using previously
existing protocols presents several challenges. For one, they
are not individualized for the learner. Templated acquisition
protocols require modification to individualize them for each
learner based on learning history, patterns of responding, and
potential unintentional stimulus control problems (Grow &
LeBlanc, 2013). For example, Maurice et al. (1996) describe
how the teaching procedures included in their curriculum
are “generic and may need to be modified for your child .
. . although prompting suggestions are provided, there are
many error-correction procedures that could be used when
your child responds incorrectly or fails to respond at all” (p.
65). It is important to note that section 2.14 of the Ethics
Code for Behavior Analysts (BACB, 2020) states not only
that behavior analysts summarize behavior-change interven-
tion procedures in writing, but that they must be designed
to meet the diverse needs, benefits, context, and resources
of the client; therefore, using a generic program that is not
individualized for your client, without any modification, may
be an ethical violation, and most important, may prevent the
client from reaching progress potential.

Because relying on preexisting documents saves clini-
cians time, response effort, and resources, it is possible
that this method may prevent clinicians from seeking out
or maintaining skills related to designing unique, client-
centered programming. For reasons outlined above, this
is an important skill, and also a complex one. Writing a
skill acquisition protocol requires competency across many
areas, including creating operational definitions, selecting
and describing the best prompt and prompt fading proce-
dures, error correction, generalization, and maintenance,
and designing a method of data collection and analysis. The
process of writing such a protocol involves many decision
points, in addition to the skill of simply assembling the com-
ponents into an effective plan.

In addition, the Ethics Code for Behavior Analysts (BACB,
2020) emphasizes the need for using data-based decisions for
programming, and using interventions based on scientific
evidence. Published research continually provides updated
methods and refinements to teaching procedures, and available
curricula or templates may not be updated as quickly as this
information becomes available. Therefore, basing protocols
on recent literature, meaning that ABA providers can contact
an article and then read, analyze, and synthesize that research
into teaching procedures, is an important and valuable skill for
behavior analysts who write protocols.

Altogether, these skills of identifying important teach-
ing program components, including recent research con-
siderations, and individualizing protocols as needed, may
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be time consuming for providers if not taught to fluency.
Demand for behavior analysts has increased by 5,852% in
the last 12 years (BACB, 2022b), and availability of behav-
ior analysts has historically struggled to keep up with that
demand. An analysis by Zhang and Cummings (2019) found
that the per capita supply of certified ABA providers fell
below the benchmark informed by the BACB guidelines in
49 states and Washington, DC, and that even if the recom-
mended caseloads were doubled, they would still fall below
the benchmark in 42 states and Washington, DC. It is evident
that demand for behavior analysts is high, and workloads are
heavy. Therefore, a training program to teach these skills
is more important than ever, and must be efficient if it is to
fit into a clinician’s multitude of responsibilities. Because
designing and monitoring acquisition programming is one
of the primary responsibilities of certified ABA providers,
the target audience for this research includes behavior tech-
nicians, board certified behavior analysts (BCBAs), board
certified assistant behavior analysts (BCaBAs), and students
of behavior analysis.

A body of research has demonstrated the effectiveness
of behavioral skills training (BST; instructions, modeling,
rehearsal, feedback) for teaching clinicians, parents, teach-
ers, and others to implement new protocols (e.g., Gianoumis
et al., 2012; Sarokoff & Sturmey, 2004; Ward-Horner &
Sturmey, 2012). Studies have also evaluated the efficacy
of using individual components of BST (e.g., Drifke et al.,
2017; Jenkins & DiGennaro Reed, 2016; Ward-Horner &
Sturmey, 2012) and delivering components of BST via com-
puter (e.g., Higgins et al., 2017; Hirst et al., 2013; Knowles
etal., 2017; Schnell et al., 2017; Shea et al., 2020; Walker &
Sellers, 2021). For example, Hirst et al. (2013) evaluated the
effects of varied computer-delivered feedback accuracy on
task acquisition. Participants were taught to match symbols
to nonsense words on a computer program and feedback
of varied accuracy was provided. The authors found that
inaccurate feedback not only negatively affected partici-
pant performance during teaching trials but that exposure
to inaccurate feedback also negatively affected later learn-
ing trials in which inaccuracies were corrected, highlight-
ing the importance of frequent and correct feedback during
computer-based learning. Computer-based instruction (CBI)
makes training materials and administration accessible from
any computer with internet connection, eliminates the need
for an in-vivo trainer, and offers self-pacing and simultane-
ous completion for trainees (Pear et al., 2011). Due to a rela-
tive deficit of trainers compared to staff requiring training
(Graff & Karsten, 2012), staff training methods that reduce
the need for a trainer to be physically present can be more
widely disseminated. Research also suggests that these types
of learning interfaces may be more effective than passive,
indirect training in which learners simply read or listen to
content and are not required to actively emit a response.

For example, “traditional” methods of instruction gener-
ally consist of either written instructions or a structured oral
presentation intended to present didactic information about a
particular subject (Williams & Zahed, 1996). Direct training,
such as CBI, may include features such as (1) interactivity;
(2) feedback; (3) independent administration in the absence
of an instructor; and (4) self-paced instruction; and may
include strategies of programmed instruction, including (1)
operationally defining skills to be learned; (2) small units of
instruction; (3) systematic presentation of material; and (4)
opportunities for active responding (Marano et al., 2020).

The efficacy and efficiency of computer and web-based
instruction to teach students and clinicians have been evaluated
across a variety of clinical skills, including identifying and
analyzing functional analysis data (Chok et al., 2012; Schnell
et al., 2017), visually analyzing baseline treatment graphs
(O'Grady et al., 2018; Wolfe & Slocum, 2015), implementing
discrete trial and backward training protocols (e.g., Eldevik
et al., 2013; Geiger et al., 2018; Gerencser et al., 2018;
Higbee et al., 2016; Nosik et al., 2013; Nosik & Williams,
2011; Pollard et al., 2014), implementation of photographic
activity schedules (Gerencser et al., 2017), appropriate
interactions with consumer’s parents (Ingvarsson & Hanley,
2006), completing preference assessments (Marano et al.,
2020), detecting antecedents and consequences of problem
behavior (Scott et al., 2018), implementing imitation
interventions (Wainer & Ingersoll, 2013), and appropriately
receiving feedback (Walker & Sellers, 2021). CBI offers
several advantages for training clinical skills: (1) training can
be completed at their own pace according to a flexible, cost-
effective training schedule; (2) employers may also benefit
from this format of training in that it is convenient, does not
require the presence of a trainer or supervisor, and includes the
ability to automatically collect training data.

CBI often incorporates components of BST including
instruction, modeling (i.e., examples), individualized pacing,
opportunities to actively respond and rehearse skills, and fre-
quent and specific feedback. Although Skinner (1954, 1958)
recommends that training include features such as active
engagement, self-paced instruction, immediate feedback,
and systematic steps, a review of asynchronous staff training
methods recommends these components be evaluated due to
an overall lack of research (Marano et al., 2020). Including
each of these components and requiring completion within a
specific duration may facilitate the acquisition of a repertoire
of skills necessary to create a technological and effective
skill acquisition protocol within a reasonable timeframe.

Despite behavior analytic skills having been taught via
CBI, there are currently no empirically based resources for
training ABA providers to write a skill acquisition protocol.
Therefore, the purpose of this study was twofold. First, we
aimed to design a computer-based tutorial to teach the skills
related to writing an individualized acquisition protocol based
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on a research article. According to a review of asynchronous
training methods by Marano et al. (2020), common features
of CBI include self-paced instruction, interactive activities,
feedback, examples and nonexamples, and mastery criteria;
therefore, these features were included in the training. Second,
we wished to pilot the efficacy of this training program.
Participants were exposed to a pretest, training, and a posttest,
and a matched-subjects two-group design evaluated outcomes
against a control group. Social validity of goals, procedures,
and outcomes (Wolf, 1978) were evaluated by the participants
and practicing behavior analysts.

Tutorial Development
Protocol Sampling

To identify quality practices in writing acquisition protocols,
we solicited the assistance of 24 behavior analysts identified
as directing clinical centers for children with autism spec-
trum disorder (ASD). These were all individuals or organi-
zations known by the authors or colleagues in their depart-
ment, and recruitment emails requested that they redirect us
to the individual most involved in reviewing or training on
skill acquisition. Recruits were excluded if their role did not
include a focus on skill acquisition, or if they were not in a
supervisory role. Eight of these recruits responded and were
included, representing a variety of programs, training back-
grounds, and geographical locations within the United States
(see Table 1). Two behavior analysts recorded their process
of writing an individualized skill acquisition protocol based

Table 1 Expert sample participant characteristics N(%)

on a published research article. Using the Adobe Captivate
screen recording feature, these participants recorded videos
of the activity on their computer screen while they opened
documents and wrote their protocols. The remaining six
participants provided samples of skill acquisition protocols
used in their practice and answered questions related to their
process of developing those protocols. All files from these
participants were received by a research assistant and coded
for anonymity before being reviewed by the authors.

Task Analysis of Components

Two independent data collectors then created a task analysis
for each sample protocol by listing out all components or
details included. Two of the authors then compared these
task analyses for similarity. If both agreed that a component
appeared across two or more samples, it was included in
the final synthesized task analysis (see Appendix A). If any
section of sample protocols was named differently, but con-
tained similar content (e.g., target, goal, operational defini-
tion), then these were considered the same component, and
the most common term was used. If the authors disagreed
on any components appearing across sample protocols, a
faculty member within their department published in skill
acquisition was identified to provide input and determine
inclusion or exclusion however, no disagreements occurred.

Computer-Based Tutorial Programming

The computer training was designed based on the synthe-
sized task analysis. Adobe Captivate was used to develop

Years of experience writing programs

Frequency of writing or editing programs

How often programs are based on research

Do they teach others to write programs

Primary work setting

Highest academic degree

5-9
2 (25%)

Multiple times per week
3 (37.5%)

Almost always (75% or more)
4 (50%)

Yes
6 (75%)

University
3 (37.5%)

Masters
2 (25%)

10-14
3 (37.5%)

A few times per month
1(12.5%)

Frequently (30-75%)
3 (37.5%)

No
2 (25%)

Center
2 (25%)

Doctorate
6 (75%)

15+
3 (37.5%)

Very rarely or never
4 (50%)

Rarely (less than 30%)
1 (12.5%)

Home or Outpatient
3 (37.5%)
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content specific to each component of the task analysis.
This software allows for the designer to add text, graphics,
sound, video, and features that the user can interact with.
Timing features allow for the designer to choose if content
transitioned at a certain speed or transitioned when the user
clicked to interact with the training. For example, some
media appeared on the page after the user was provided
a few seconds to read displayed content, but pages would
not advance without the user clicking a “next” icon. This
software requires publishing and must be hosted on a web-
site or compatible platform. For the purpose of this study, a
university Blackboard account was used. An entire course
was created to host the tutorial, and logins were created for
each trainee.

Experimenters identified objectives related to each com-
ponent and used a backward course design strategy (McK-
eachie & Svinicki, 2014) to develop content. The tutorial
included textual instruction, questions with immediate feed-
back, rehearsal, and examples/nonexamples and was sepa-
rated into three modules. Thirteen gradable quiz questions
were included throughout the tutorial. Every multiple-choice
question had four response options, and only one answer
could be chosen. Multiple selection questions also had four
possible responses and required participants to select check
boxes next to each correct answer. Matching questions
required participants to either drag and drop answers into
columns or cells or select a letter representing the matching
item for program components from a drop-down menu. Each
question was programmed to be worth 10 points (the default
point value for the quizzing software).

Incorrect quiz answers resulted in an incorrect message
with specific feedback comprised of the correct answer, and
an explanation as to why that answer was correct. Partici-
pants had the opportunity to respond correctly before mov-
ing on but were not required to. This feature was chosen for
efficiency, as a previous study found no difference in perfor-
mance when participants were required to respond correctly
before proceeding (O'Grady et al., 2018). Correct responses
immediately resulted in text and animation-based feedback
(e.g., “you got it!” and a gif of popular TV characters danc-
ing). Following each section of the module, 5-min breaks
were prompted via embedded text.

Module 1

In Module 1, participants were introduced to acquisition
protocols, and were taught to list all sections of a protocol in
order. After a brief introduction to the purpose of a protocol,
some learning objectives, and navigation instructions,
trainees progressed through each component of the task
analysis in sequential order. Each section of this module
provided the content of that component, some examples, as
well as important considerations. For example, the section

on generalization stressed the need to both program for and
assess generalization, provided examples of each written into
a protocol, and then gave lists of methods to achieve this.
Once all components were introduced, trainees learned to
list all 13 independently using stimulus prompt fading. First,
they typed each component in text fields alongside the full list
as it appeared on screen. Next, they typed each component
into text fields alongside the first letter of each component.
Trainees could click “check my answer” to view the full list
and clear their answers to try again. Finally, participants
listed each component into text fields without any stimulus
prompt. Again, they had the option to check answers and
respond again before proceeding but were not required to.

Module 2

In Module 2, participants were oriented to an empirical
research article, where to find information, and how to use
the information to support their protocol. The home page
displayed screen shots of the four main sections of an arti-
cle, and navigated by clicking to expand each section, num-
bered in order. They would first click “Introduction” and
be directed to a page with the Introduction on the right and
click-to-view questions on the left. From top to bottom, each
section had questions that included where to find that sec-
tion (e.g., the introduction is the first major section of the
article, and appears immediately after the title and abstract),
what information could be found in that section, and how
to use that section of the article to gather information for
your teaching protocol. For example, trainees learned that
the introduction frequently provides an overview of previ-
ous research, and that learning what has and has not been
successful for teaching certain skills could help make an
informed decision on their teaching strategies.

Module 3

Finally, In Module 3, participants were taught to individu-
alize the sections of an acquisition protocol that they had
outlined according to example learner characteristics and
considerations, including how to find and individualize
prompt and error correction methods. First, trainees were
provided with a research article and a client vignette. Client
vignettes were developed by the experimenters, and included
information typically provided to clinicians about new cli-
ents, as well as details important to skill acquisition devel-
opment. These were developed to determine if participants
included learning history and preferences or reinforcers into
their programs. The vignette described a hypothetical cli-
ent’s gender, age, interfering behavior, vocal-verbal skills,
prompt and error correction history, and preferred items.
The tutorial instructed them to read both documents in their
entirety before returning to Module 3.
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They were then taken through each component, one by
one, again. Before beginning writing, trainees were provided
with some basic writing tips, including writing in a specific
but concise manner, and keeping tense consistent throughout
the document. In each component section, they were given
brief reminders of considerations and a long text field to
write out the details of that protocol section for the specified
client in the vignette using the methods from the article. Once
they finished writing, they clicked “next” and the tutorial
provided a sample written by one of the authors. They could
then go back to check and edit their own response, or proceed
to the next section, where the same text fields and samples
were provided for each component. The samples served as
models from expert protocol samples for trainees to imitate
and included a rationale as to why the author included the
information they did. Once trainees wrote a completed pro-
tocol, they were guided through the end of the tutorial. They
were congratulated for completing the content, provided with
some follow up considerations (e.g., continuing to collect
procedural integrity data after protocols are written, trained,
and implemented), and the training concluded.

Evaluation of Staff Training
Method
Participants, Setting, and Materials

Participants were 14 students enrolled in an undergradu-
ate or graduate (masters or postmasters) behavior analysis
program who had not received formal training on writing
an acquisition protocol. The only exclusion criterion was
scoring greater than 75% on the pretest. Pretest scores were
collected and ranked into three equal percentile ranges
(1%-25%, 26%—50%, 51%—75%). Pretest, treatment, and
posttest components were conducted in participant homes on
personal computers. Participants completed a questionnaire
to provide information on relevant characteristics related to
tutorial performance (see Table 2).

Dependent Variables and Data Collection

During the pretest and posttest, data were collected on cor-
rect completion of each component of a skill acquisition
protocol based on a research article and a client vignette (see
Appendix B). Articles used were chosen based on author
agreement that they were recently published in a major peer-
reviewed behavior analytic journal, described procedures
thoroughly and clearly, and targeted a skill commonly taught
by ABA providers. Vignettes were created by the authors
to contrive details to guide individualization of protocols,
for example the client’s successful prompt history, imitation

skills, and reinforcers. These data were summarized as the
percentage of correct components of a skill acquisition pro-
tocol. Percentages were calculated by dividing the number
of correct components by the total number of components.
Individual scores were graphically represented on a dot plot,
and data were summarized as group means and visually ana-
lyzed using bar graphs.

Data were also collected on quiz performance during
the tutorial and reported as mean percentage of correct
responses per participant across quizzes. Data were sum-
marized by dividing the total number of points earned by
the number of total points possible and multiplying by 100%.
Quiz scores were automatically scored by the computer
program and saved by the experimenter. Finally, data were
collected on the duration to complete the tutorial for each
participant, as well as to complete the pretest and posttest,
by using a timing feature on session recordings and record-
ing total time at the end of each task. All primary data were
collected and summarized by the experimenters.

Experimental Design

Participants from each pretest range were randomly assigned
to treatment or control groups. A matched-subjects group
experimental design was used to compare mean scores on
testing between the treatment group and a control group. A
between—subjects two-group design compares two samples
of equal individuals deemed equivalent on specific variables,
one of which receives the intervention. This design controls
for extraneous variables by recruiting individuals from the
same population and matching subjects before randomiz-
ing assignment to control and treatment groups to minimize
differences across groups. A limitation of this design is that
participants cannot be matched across all variables due to
availability constraints. Therefore, the most important vari-
able to reduce variability due to individual differences is
often chosen. For the purpose of this study, pretest scores
were chosen as the variable along which participants were
matched, as it controlled for performance-related variance
across participants within each group. A functional relation
is then demonstrated if changes are observed postinterven-
tion for the treatment group, and those changes are deter-
mined to be significantly different from pretest, significantly
different than the control group, and that these changes are
unlikely to be due to chance (Jackson, 2012). An independ-
ent-groups ¢ test, a parametric statistical test that compares
the means of two different samples, was used to compare
group scores pre- and postintervention. Effect size was also
calculated to determine whether the proportion of variance
in the dependent variable was accounted for by the manipu-
lation of the independent variable. Effect size indicates how
large a role the conditions of the independent variable played
in determining scores on the dependent variable (Jackson,
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Table 2 Participant questionnaire and results N (%)

How often do you write programs to teach clients skills?

Sometimes Often
1(14%) 1(14%)
1(14%) 1(14%)

In your current position, is one of your responsibilities to write programs to teach clients skills?

No, but I often help with this Yes, I am expected to do this Yes, this is part of my independent

under close supervision responsibilities

3 (43%) 0

2 (29%) 0

1-2 years More than 2 years

4 (57%) 0

1(14%) 5(71%)

3.7-3.8 3.9-4.0

2 (29%) 5 (71%)

1(14%) 4 (57%)

Masters in another related Masters in ABA
field

2 (29%) 0

0 2 (29%)

How confident do you feel about your skills in developing research-based skill acquisition programs for others?

Very confident Extremely confident
0 0

Never Rarely
Treatment 3 (43%) 2 (29%)
Control 3 (43%) 2(29%)
No, someone else has this
responsibility task
Treatment 2 (29%) 2 (29%)
Control 4 (57%) 1(14%)
How many years have you worked in the field of ABA?
I don’t work in ABA Less than 1 year
Treatment 1 (14%) 2 (29%)
Control 0 1 (14%)
What is your current GPA?
Less than 3.5 3.5-3.7
Treatment 0 0
Control 0 2 (29%)
What is your highest degree held?
Bachelors Masters degree in an unre-
lated field
Treatment 5(71%) 0
Control 5(71%) 0
Not confident at all Somewhat confident
Treatment 2 (29%) 5(71%)
Control 1 (14%) 5 (71%)

1 (14%) 0

2012). It was predicted that the treatment group would have
significant improvement in posttest scores compared to pre-
test scores, and that this improvement would be significantly
different than any changes observed for the control group.

Experimental Procedure

Pretest During the pretest condition, participants met with
the experimenter via Zoom or Google Meet. Participants
were instructed to create a protocol based on the method
in a research article using a script (Appendix C). All par-
ticipants were then given a research article and a new client
vignette (see Appendix B). Half of participants (quasiran-
domly selected) received the first article and client vignette
for the pretest and the second article and client vignette
for the posttest. For the other half of participants, order of
document presentation was reversed to control for difficulty
of materials. All participants were proctored live by using
the screen share feature as they completed the pretest. The
experimenter viewed the participant’s desktop throughout
the task. No instructions, additional materials, or feedback
was provided.

Training After the pretest, participants were asked to com-
plete the electronic participant demographic survey sent to
them via email while the experimenter scored the pretest.
Participants were then randomly assigned to control or
treatment group based on score range. At first, participants
in each percentile range (1%-25%, 26%-50%, 51%—75%)
were assigned using a random generator. As subsequent
participants scored within those ranges, they were matched
to randomly assigned participants, and placed in the other
group. Individuals in the control group were provided with
textual self-instructional materials that matched instructional
content on how to write a skill acquisition protocol. A PDF
“manual” was sent via email, and participants were told that
they could review the manual for as long as they’d like, and
that they may leave and come back to it as they wish. They
were also asked to email the experimenter when they fin-
ished reviewing the manual. Participants in the treatment
group were asked to complete a learning tutorial that would
take 1-2 hr to complete; they were provided with login
information to the computer-based tutorial. They were also
told that they could leave and come back to the tutorial and
complete it at their own pace. For both groups, instructions
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were given vocally during video conferencing immediately
following the demographic survey, as well as in written for-
mat in an email containing the necessary files and links.
Textual prompts for 5-min breaks were embedded following
each section of the tutorial. This study aimed to evaluate the
effectiveness of the tutorial in the absence of trainer pres-
ence; therefore, participants completed the tutorial/manual
on their own time following the pretest meeting. Quiz scores
and duration of interaction with the tutorial were automati-
cally recorded. Control group participants were asked to
record how long in minutes they spent reviewing the manual.

Posttest Once participants completed training and contacted
the experimenter, a posttest meeting was set up in the same
manner as pretest. All participants were given a research
article and client vignette comparable to pretest materials.
Procedures remained identical to the pretest. Control group
participants were not allowed to use the manual or any notes
taken from it. Treatment group participants were also not
permitted to use the tutorial or any notes. This was ensured
by having participants use the webcam to show the experi-
menter their immediate area, as well as use the screen share
feature to allow the participant to view their entire desk-
top. Participants were monitored throughout their training
to ensure they did not use supplemental materials or leave
the area.

Interobserver Agreement and Procedural Integrity

A second, independent blind data collector scored 50% of
randomly selected protocols during pretest and posttest.
Agreement was defined as both observers scoring a com-
ponent as correct or incorrect. Interobserver agreement was
calculated for each protocol by dividing the number of com-
ponents with agreement by the total number of components
and multiplying by 100. Mean interobserver agreement was
90% (range: 83%—96%). The software was programmed to
automatically record duration measures and quiz responses;
therefore, calculation of interobserver agreement was unnec-
essary for these dependent variables.

Procedural integrity data were collected via recordings of
pretest and posttest meetings to ensure that the experimenter
provided instructions via the provided script, live proctored
the participant throughout, and that no additional instruc-
tions or resources were provided or used. Procedural integ-
rity data were collected for 33% of sessions evenly across
pretest and posttest of both treatment and control groups.
Data were collected on each study component along a task
analysis and summarized as percentage of steps performed

correctly. Mean procedural integrity was 97% (range:
83%—-100%).

Social Validity

Social validity of goals of this study were determined via
a questionnaire administered to BCBAs asking questions
regarding current protocol development practices and the
utility of a training system to teach these skills, as well as
the importance of the skills targeted. These BCBAs were
selected by again emailing those identified as being direc-
tors of ABA centers or programs and did not include the
same experts sampled for protocols during tutorial develop-
ment. In total, five respondents provided their feedback on
the importance of goals identified in this study. The same
respondents completed a separate questionnaire to evaluate
the social validity of outcomes. They rated five randomly
selected treatment group posttest protocols on thoroughness,
quality, ease of implementation, and acceptability. All 14
participants completed an anonymous electronic question-
naire at their convenience regarding the social validity of
the procedures following their participation in intervention.
They rated the ease and acceptability of the training system
they experienced, either the tutorial or the control group
manual. All questionnaires included questions with clearly
defined items on a Likert scale and options for free response
(see Tables 1, 2 and 3).

Table 3 Social validity of goals survey results

Writing a skill acquisition protocol based on current research is a
skill that behavior technicians and new BCBAs are well versed in

Strongly Disagree Disagree Agree Strongly Agree
1(20%) 3 (60%) 1(20%) 0

Trainings and instruction on how to write research-based acquisi-
tion protocols are widely available

Strongly Disagree Disagree Agree Strongly Agree
0 5 (100%) 0 0

Auvailable trainings on how to write these protocols are good quality
and based on staff training best practice

Strongly Disagree Disagree Agree Strongly Agree
0 2 (40%) 3 (60%) 0
This is an important skill for behavior technicians and BCBAs
Strongly Disagree Disagree Agree Strongly Agree
0 0 0 5 (100%)
If a quality computer-based training were available to teach this

skill, I would consider using it
Strongly Disagree Disagree
0 0

Agree
1 (20%)

Strongly Agree
4 (80%)
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Results

Figure 1 shows individual participant and mean group scores
on percentage of protocol steps correctly completed. During
the pretest, control and treatment group means were compara-
bly low (44% [range: 21%—60%] and 46% [range: 20%—71%],
respectively). Following training with the pdf manual, the
control group mean increased to 59% (range: 35%—81%),
a mean increase of 16%. Following training with the com-
puter-based tutorial, the treatment group mean increased to
87% (range: 76%-91%), a mean increase of 40%. Individual
score data points for this group clustered, indicating consist-
ent posttest performance. Mean difference scores were com-
pared for control and treatment groups using an independent
groups #-test. Difference scores were significantly higher for
the treatment group, #(12) = (3.27, p < 0.003) (one-tailed).
Participant duration on study tasks varied slightly across
groups, with control group participants spending more time
on both writing and self-paced training. During pretest, treat-
ment group participants spent an average of 64 min (range:
47-81 min) writing their protocols, whereas control group
participants took an average of 78 min (range: 58-90 min).
During the training phase, treatment group participants spent an
average of 119 min (range: 70—175 min) completing self-paced
training, whereas control group participants took an average
of 136 min (range: 68—140 min). During posttest, treatment
group participants spent an average of 68 min (range: 60—88
min) writing their protocols, whereas control group participants
took an average of 78 min (range: 42-90 min). Quiz scores for
treatment group participants averaged 95% (range: 87%—100%).
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Fig. 1 Group and individual performance on pretests and posttests for
control and treatment groups Nofe. The bars represent mean scores
for each group, and the data points within each of those bars repre-
sents individual scores within that group

Responses to the social validity of goals survey are
displayed in Table 3. Eighty percent of respondents disa-
greed when asked whether writing research-based acquisi-
tion goals is a skill in which behavior technicians and new
BCBAs are well-versed. All respondents indicated that
trainings on this skill are not widely available, that this is
an important skill for technicians an BCBAs, and that they
would consider using a quality computer-based training to
teach this skill. One respondent commented, “Although
resources and some manuals include information on the
procedures or ‘should dos’ of creating protocols, I am not
aware of a training manual related to creating full protocols,
and this is an area the field should address.”

Table 4 shows the results of surveys used to assess social
validity of procedures across all participants. Mean scores
for each question across control and treatment groups is dis-
played. Both groups agreed that the content of the trainings
were at an appropriate difficulty level, that the training was
applicable to their work, and that they felt confident in writ-
ing protocols following the training. All participants in the
treatment group agreed that they enjoyed the format of the
tutorial and that it was preferable to other training formats,
whereas control group participants did not agree with these
questions.

Table 4 Social validity of procedures survey results

The content of the training was at an appropriate difficulty level
Strongly Disagree Disagree Agree  Strongly Agree

Treatment 0 0 2(29%) 5(711%)

1 (14%) 0 2(29%) 4 (57%)

I will apply the content of the training when I write programs for
earners as part of my clinical work

Control

Strongly Disagree Disagree Agree  Strongly Agree
Treatment 0 0 0 7 (100%)
Control 0 0 0 7 (100%)
I enjoyed the format of the training

Strongly Disagree Disagree Agree Strongly Agree
Treatment 0 0 2(29%) 5(71%)
Control 3 (43%) 0 0 4 (57%)
The training was preferable to other training formats

Strongly Disagree Disagree Agree Strongly Agree
Treatment 0 0 1(14%) 6 (86%)
Control 2 (29%) 0 2(29%) 3 (43%)

After the training, I feel confident in writing skill acquisition
protocols

Strongly Disagree Disagree Agree  Strongly Agree
Treatment 0 0 343%) 4(57%)
Control 0 0 3(43%) 4(57%)
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Table 5 Social validity of outcomes survey results

This protocol includes all components important to teaching the
skill

Strongly Disagree Disagree Agree Strongly Agree
0 0 5 (100%) 0

This protocol is written in a way that procedures could easily be
implemented

Strongly Disagree Disagree Agree Strongly Agree
0 0 0 5 (100%)

This protocol is of high quality

Strongly Disagree Disagree Agree Strongly Agree
0 0 3 (60%) 2 (40%)

I would accept and use this protocol in my practice

Strongly Disagree Disagree Agree Strongly Agree
0 0 2 (40%) 3 (60%)

Survey results for social validity outcomes are displayed
in Table 5. Respondents scored all five protocols favora-
bly, indicating that they included all important components
important to teaching the skill and that procedures could
be easily implemented. Respondents also agreed that the
protocols were high quality and would be acceptable in their
practice.

Discussion

To our knowledge, there are no existing investigations on
packages designed to explicitly teach ABA providers to cre-
ate skill acquisition protocols from scratch with only mini-
mal resources available. Many providers likely rely on cur-
ricula or templates for client programs; however, the related
protocols may not meet employer or funder expectations,
or may not be guided by current research. Therefore, the
purpose of this study was to evaluate the effectiveness of a
computer-based tutorial on teaching skills related to writing
an individualized acquisition protocol based on a research
article. The tutorial resulted in a significant increase in accu-
racy of protocols during posttest when compared to a textual
training manual. This study contributes to the literature by
applying CBI training procedures to a complex skill, as well
as evaluating training in the absence of a trainer (Marano
et al., 2020).

Although the BACB (2022a) identifies writing protocols
as a primary job responsibility of ABA providers, no clear
guidelines on this skill exist in the literature or guiding text-
books. Such a skill is important because it ensures that prac-
titioners write protocols that are individualized and based on
current skill acquisition research. CBI training on this skill
is particularly helpful in a growing, high-demand field in
which the qualified trainers are unable to meet training needs
(Zhang & Cummings, 2019). This tutorial was completed by
all participants in under 2 hr, without a trainer present, and
was rated as a favorable format by participants. In addition,
training was more efficient for the intervention group, whose
participants spent less overall time completing training than
participants in the control group.

In developing this research question, the authors found
that a multitude of resources and literature exists on the
contents of behavior plans focused primarily on behavior
reduction. Although the content did not translate well to
skill acquisition, this line of research informed our meth-
ods, and warrant a comprehensive evaluation of their own.
Future research should focus on a review of the literature
evaluating and advising on behavior plan content, as well
as a comparison of contents across types of documentation
used in the field.

This training was based upon a sample of protocols sub-
mitted by experts in the field, and participants were taught
to include specific components, and details on those compo-
nents were taught based on the provided samples. Due to this
design, posttests produced similar protocols with variations
in detail, but similar content. Future research may focus on
analyzing protocols across a wider population of individuals
and include multiple exemplar training to promote general-
ized responding. Providers may have varied expectations as
to the content of protocols, and it is important that providers
can write protocols in varied ways, while still including criti-
cal implementation details. For example, our participants
were taught to outline components first, resulting in similar
ordering of component sections, whereas expert samples
varied in terms of the order in which they appeared. Word-
ing also varied across expert samples, for example, teaching
targets were sometimes called “stimuli” or “teaching sets.”
In addition, although prerequisites did not appear across
two or more of our expert samples, it did appear on at least
one, indicating that some employers may expect clinicians
to demonstrate generalized responding with components
included on protocols.
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Development of the tutorial required training in the soft-
ware, quizzing features, and hosting requirements. In total,
learning and developing the tutorial took roughly 40 hr. The
time and training requirements of developing these training
materials may be considered a limitation; however, these
materials can continue to be administered to ongoing cohorts
of trainees in the absence of the trainer. We conducted a
return-on-investment analysis as in Walker and Seller’s
(2021) article on computer-based training. The purpose of
such an analysis is to demonstrate how initial cost of devel-
oping a CBI training compares to ongoing trainings that
require the presence of a paid trainer. To do so, the initial
investment is calculated, and diminishes for each time the
training is used, typically at a lower operating cost than that
of an in-person trainer. The investigators spent 40 hr in total
developing the tutorial, including learning the software,
developing content, and corresponding with colleagues to
facilitate hosting it on Blackboard. Costs of training devel-
opment is estimated at $1,680. This cost was calculated by
multiplying the average hourly wage of an eLearning Devel-
oper (Glassdoor, 2022) by 40 hr spent on development.

Operating costs calculated for in-person trainings of a
similar duration was then compared to development cost
to determine how many trainings, per number of employ-
ees, would be needed to break even, not including training
space overhead or materials (Figure 2). If eight employees
participated in training at a time, it would surpass the cost

Number of Trainings to Break Even

1 2 3 4 5 6 7 8

Number of Paid Staff Recieving Training

Fig.2 Return on investment. Nofe. Each data point in this figure rep-
resents the number of in-person trainings that would need to be pro-
vided as a function of the number of paid staff receiving the training
in order to recuperate the $1,680 initial development cost of the CBI

of tutorial development after a single training. If only one
employee was trained at a time, the tutorial development cost
would be surpassed after 12 trainings. This indicates that
the tutorial is likely a cost-effective staff training method
for most organizations.

In addition, the primary dependent variable was accu-
racy of protocol components, determined by rating protocols
across a task analysis. The qualitative nature of each task
analysis item resulted in some subjectivity (e.g., “mastery
criterion is appropriate for this skill”). Although IOA aver-
aged 90%, agreement amongst data collectors required gen-
eral retraining on IOA procedures due to initial low agree-
ment scores. Future research may consider other methods of
data collection to reduce subjectivity and reliably determine
outcomes of training.

This training system may be a feasible replacement or
supplement to existing methods of editing templates, and
lead to more effective and efficient protocol-writing reper-
toires. Because the program is easy to administer, can be
completed within several hours in the absence of a trainer,
and is accessible from any computer with internet connec-
tion, it may be a viable and training option for employers and
instructors. This training may also encourage ABA providers
to contact the research literature to guide protocol develop-
ment, an effortful requirement of our field which has war-
ranted previous research (Briggs & Mitteer, 2021).

This study was the first to investigate methods to teach
ABA providers to create skill acquisition protocols. To our
knowledge, no guidelines or empirically validated trainings
exist to teach this skill. The feasibility of a training program
was demonstrated and validated by experienced BCBAs
evaluating outcomes. Because this is the first study of its
kind the results should be viewed with measured caution, as
future research is needed to replicate and extend findings.
Future research suggestions include administering training
to a larger and more diverse group of behavior analysts and
students, improving upon the training by including more
content and making training development and completion
more efficient, and evaluating different types of research and
acquisition protocols. Such research will further inform how
clinicians learn complex skills that are integral to the suc-
cess of their clients in a manner that is preferred, efficient,
and effective. Finally, the authors urge those charged with
designing coursework, supervised fieldwork, and profes-
sional development to incorporate topics related to writing
programs for skill acquisition.
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Appendix A

Table 6 Datasheet

Creating a Skill Acquisition Program Complete  Partially  Not Included
and Accu- Com- 0
rate plete/
[€)) Accurate
(.5)

Program name is specific to skill being taught and would be able to include multiple exemplars or
targets.

Learner name or initials are correct.
Operational definition is concise, specific, objective, and reliably measurable.

Operational definition includes topography of behavior, latency, onset/offset criteria (if appropriate)
and examples/nonexamples OR correct/incorrect responses.

Measurement section accurately describes how data are collected clearly and completely enough for
replication

Measurement section includes how data are summarized; summary method is appropriate.

Procedures section includes all appropriate components (antecedents, consequences, prompts, generali-
zation, maintenance, and targets) as based on the research article.

Antecedents section describes when and how to present auditory stimuli technically.

Antecedents section describes when and how to present visual stimuli technically, including placement
and rotation.

Antecedents section describes when and how to establish attention, eye contact, and/or observing
responses technically.

Procedure includes clear and complete instructions on how instructor responds to a correct response
(i.e., praise, preferred items, latency, schedule of reinforcement).

Procedure includes description of an error.

Procedure includes clear and complete instructions on how instructor responds to an incorrect response
including error correction, re-presentation, consequence following re-presentations.

Procedure includes clear and complete instructions on how instructor responds to no response.

Prompt and prompt fading strategies include relevant, appropriate, clear, instructions on type of
prompt.

Prompt and prompt fading strategies include relevant, appropriate, clear, and complete instructions on
how to fade and/or increase prompts.

Mastery criteria section includes measurable criteria for advancement, including accuracy, duration,
independence, and number of sessions.

Mastery criteria are appropriate for target skill.

Generalization section includes how to program for generalization; method of programming for gener-
alization is appropriate and accurate.

Generalization section includes procedures for assessing generalization.

Maintenance section includes how to program maintenance; Method of programming for maintenance
is appropriate and accurate.

Maintenance section includes how to assess maintenance, including follow-up schedule.
Targets section includes targets and/or stimuli that will be taught or used for generalization.
Program is appropriately individualized according to details from client vignette.

Program details are accurate according to method from research article. Variations are made according
to learner characteristics and Discussion recommendations/limitations.
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Appendix B
Training Vignette

Mary Jones is a 5-year-old girl who follows one-step instruc-
tions, has a generalized imitation repertoire, mands for a
variety of preferred items, and displays moderate levels of
motor stereotypy and eye gazing. Her IEP goals include
auditory-visual matching of objects and pictures. This will
be her first auditory-visual matching program. In Mary’s
visual-visual matching program with objects, errorless learn-
ing procedures are used and have been effective. She uses
a token board, and tokens are established as conditioned
reinforcers.

Write an acquisition program for Mary using the more
effective procedure from the study. No computer is available
for this program, so pictures will be printed. When writing
details for your program, aside from the information pro-
vided about the client, you may include any other hypotheti-
cal details you like.

Testing Vignettes

John Douglas is a 12-year-old boy diagnosed with ASD.
He has extensive experience with discrete trial instruction.
He has a strong imitation repertoire, vocally communicates
via simple sentences and can follow a 12-component visual
activity schedule. He has had difficulty progressing with
auditory-visual tasks. Errors vary with teaching targets, and
he rarely demonstrates correct responding with novel gen-
eralization targets. Anecdotally, his teacher reports that his
expressive skills are stronger than his receptive skills.

Write an acquisition program for John using the most
effective procedures from the study. When writing details
for your program, aside from the information provided about
the client, you may include any other hypothetical details
you like.

Matthew Jordan is a 4-year-old boy with some experi-
ence with discrete trial instruction. He has good attending,
communicates vocally, has a generalized manding repertoire,
demonstrates a variety of intraverbals, and has some over-
selectivity with listener responding activities. No challeng-
ing behavior is reported, but he has a history with prompt
dependency. He loves sports and uses a Philadelphia Eagles
token board with his instructor.

Write an acquisition program for Matthew using the pro-
cedure from the study. When writing details for your pro-
gram, aside from the information provided about the client,
you may include any other hypothetical details you like.

Appendix C
Participant Instructions Script

Shortly you will be asked to read an article and a client
description and create a protocol based on the article. A
protocol outlines specifically how to run a teaching program
for a client. You will not be allowed to use any template,
aides, or other resources to complete this task. You can use
a blank Word document to write your protocol. If you need
to leave the computer, you will not be able to continue your
participation, so please take time now to settle in. You will
be given an hour and thirty minutes to complete this task. I
won’t be able to answer any questions about the task until
you have completed all parts of the study. If you do not know
how to do any part of this task, please do your best and sub-
mit the parts that you can complete. When you’re ready to
start, please share your screen with me.
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