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Abstract

Precision teaching has historically been primarily applied to academic skills. This
study aimed to show how precision teaching could enhance the application of exist-
ing evidence-based interventions focused on crucial pre-academic skills, such as
joint attention. Joint attention is typically broken into two categories: responding to
bids for joint attention (RJA) and initiating joint attention (IJA). This study devel-
oped RJA using precision teaching and play-based, natural environment teaching.
Four autistic students, aged between 5 and 6, attending a special education school in
England participated. Six prerequisite skills were trained in two triads during 15-min
sessions for three weeks. RJA was then targeted, and participants needed three,
four, five, and seven days, respectively, to master it. A concurrent multiple baseline
design across participants was used for all skills. Participants improved across all
skills with moderate effect sizes that were maintained five weeks post-intervention.
Moreover, participants demonstrated steep learning rates measured via celeration,
low variability measured via the bounce metric, and a maintenance of performance
improvements during the assessment of endurance, stability, and generalization.
The results suggest that autistic students can quickly improve their RJA skills and
demonstrate fluency in them. However, the results are tentative and require replica-
tion while addressing the limitations that have been identified. Integrating precision
teaching and naturalistic approaches could offer practitioners additional information
about the impact of existing evidence-based interventions on developing RJA and
related skills.

Keywords Precision teaching - Standard Celeration Chart - RESA - Fluency -
NDBIs
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Introduction

Precision teaching (PT) is a system for monitoring progress designed to be embed-
ded in other instructional procedures and curricula to help practitioners optimize
their instructional outcomes across various skill areas through its five-step frame-
work, namely pinpoint, practice, chart, decide, and try again (Evans et al., 2021).
The system empowers professionals to maximize instructional time by offering
continuous, precise feedback on the effectiveness of their instruction, while empha-
sizing mastery of skills that enable students to advance successfully through the
curriculum.

Pinpointing.

In the framework’s first step, titled pinpoint, precision teachers (PTers) opt for
pinpointing over traditional operational definitions as it has been shown to increase
detection accuracy during data collection (Kubina et al., 2022). Specifically, PTers
use movement cycles, context, and learning channels to create concise definitions
of the skills or behaviors to be measured. A movement cycle indicates the smallest
repeatable response that can be measured (e.g., aims finger, says word, or writes
digit; Kubina & Yurich, 2012). Learning channels allow PTers to specify the
instructional modality or how students perceive the antecedent event (i.e., sensory
in) and respond to it (i.e., behavioral out). For example, a Hear-Say learning channel
set suggests that the student will hear and respond vocally to the antecedent event
(Kubina & Cooper, 2000). Therefore, through pinpointing, PTers identify precisely
the skills they want to target while also considering whether the instruction provided
is adequately varied across learning channel sets (Vostanis et al., 2022).

Component-Composite Analysis

The pinpointing process has been linked with another strategy that has stemmed
from PT but is not considered a core part of its five-step framework, namely the
component—composite (aka element—compound analysis). This procedure allows
practitioners to identify all the basic prerequisite skills (i.e., components) that
should be mastered to fluency before the primary skill can be targeted (i.e., com-
posite). By using this approach, PTers can ensure that their students have the foun-
dation to succeed (Johnson & Layng, 1996; Johnson & Street, 2013; Kostewicz
et al.,, 2020). For example, before targeting addition skills, PTers will conduct a
component—composite analysis to identify essential underlying skills that should be
developed to fluency first, such as being able to say and write numbers, label math-
ematical symbols (e.g.,+and =), and count (Kapoor et al., 2023). By combining the
component—composite analysis with pinpointing, PTers are able to thoroughly and
precisely map a student’s repertoire and provide instruction in ways that will lead to
optimal outcomes.
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Stages of Learning and by-Products of Mastery

In the framework’s second step, titled practice, PTers arrange instruction in ways
that address both primary stages of learning, namely acquisition and fluency
(Jimenez et al., 2021). The acquisition stage refers to introducing new skills to
students and focuses on developing accuracy, typically measured via percent cor-
rect (Johnson & Layng, 1992). The fluency stage focuses on developing effortless
performance at one’s natural pace that is typically measured through frequency
(aka rate) and is considered essential to achieving functional mastery of a skill
(Binder, 1996). Contrary to mainstream approaches that tend to stop instruc-
tion once accurate performance has been demonstrated, PTers design instruc-
tion and monitor its effect until fluency has been achieved (Johnson & Layng,
1996). Specifically, they evaluate fluency through a series of by-products histori-
cally presented via different acronyms, such as REAPS, which stands for reten-
tion, endurance, application performance standards, or RESA, which stands for
retention, endurance, stability, and application (Fabrizio & Moors, 2003). Those
by-products are typically evaluated at the end of the intervention through a series
of short assessments. Specifically, retention focuses on one’s ability to perform
proficiently after a period of no practice. Endurance focuses on one’s ability to
perform proficiently for longer durations. Stability focuses on one’s ability to
perform proficiently in the presence of distractions, while application focuses
on one’s ability to recruit mastered skills when engaging in more complex ones.
These assessments are considered the gold standard in PT as they allow PTers to
empirically evaluate whether their students have achieved fluency and, therefore,
functional mastery.

Visual Analysis and Behavioral Metrics

In the third step (i.e., chart), a family of standardized visual displays is used,
known as the Standard Celeration Charts (SCCs). There are four primary SCCs,
the daily, weekly, monthly, and yearly (Calkin, 2005). These displays offer infor-
mation on a micro-, meso-, and macro-level. They are considered essential for
PTers, as they have been built to optimize visual analysis and make possible the
calculation of behavioral metrics, such as celeration or bounce, among others.
Celeration provides a true measure of learning. Notably, PTers make a clear dis-
tinction between performance and learning. Performance is defined as an indi-
vidual’s ability to engage in a skill at a specific time, measured by its frequency.
On the other hand, learning is the change in performance over time, quantified
through celeration (Graf & Lindsley, 2002). Celeration is depicted as a trend line
on the SCCs and is followed by a value indicating its direction and magnitude
of change. A multiplication symbol (x) indicates acceleration of learning, while
a division symbol (+) indicates a deceleration of learning (Kubina & Yurich,
2012). Using celeration, PTers can accurately measure how quickly or slowly
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students’ skills develop, offering a genuine measure of learning as a process,
which is something typically missing from mainstream educational and behav-
ioral approaches. This enables them to set goals based on students’ learning rate
and make more precise decisions about students’ progress, as they rely on evaluat-
ing the celeration values generated during instruction rather than solely on visual
analysis of performance data (Johnson et al., 2021; Vostanis et al., 2021). In other
words, instead of having to determine whether a trend line is ascending steeply or
moderately to determine whether the intervention is having the intended effect,
they evaluate celeration values produced, such as X 1.40 vs.x 1.90, with the lat-
ter demonstrating more rapid learning, which has been shown to lead to more
accurate decision making due to its more objective nature (Kubina et al., 2023).
Similarly, through the bounce metric, PTers quantify variability, allowing them
to objectively determine whether students’ performance is adequately stable.
For example, instead of relying solely on visual analysis, they can also compare
bounce values across conditions, such asx2.00 bounce vs.x5.00 bounce, with
the latter indicating more variable performance.

Dynamic Decision-Making and Recursive Problem-Solving

In the fourth step (i.e., decide), PTers evaluate progress and determine whether
instruction should be continued, amended, or completed (Evans et al., 2021). The
final step, titled try again, is used when instruction is unsuccessful. PTers evaluate
the reasons behind the lack of progress, redesign their instruction, and re-implement
it without placing blame on their students (Lindsley, 1990).

Precision Teaching’s Applications

The core framework of PT has been successfully applied to various skill areas, such
as reading (Ragnarsdottir, 2007; Beverley et al., 2016; Carl Hughes et al., 2007),
mathematics (McTiernan et al., 2018; Vostanis et al., 2021, 2022), gross motor
(Lokke et al., 2008), fine motor (Twarek et al., 2010; Vascelli et al., 2020), and
imitation skills (Lin & Kubina, 2015), and has produced encouraging outcomes.
However, a closer look at PT’s different applications shows that it has traditionally
combined its core framework with various tactics and curricula derived from educa-
tion, behavior analysis, and instructional design. These include, among other things,
Direct Instruction (Ragnarsdéttir, 2007), frequency-building to a performance crite-
rion (Datchuk & Kubina, 2014), discrete trial teaching (Malabello, 1998), and self-
monitoring (Patterson & McDowell, 2009). One strategy that has yet to be used in
the PT literature is natural environment teaching (Sundberg & Partington, 1998).
This procedure is used widely in early childhood programs and has influenced inter-
vention packages that fall under the more modern umbrella term naturalistic devel-
opmental behavioral interventions (Tiede & Walton, 2019).
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Joint Attention Skills

Natural environment teaching is often used to train joint attention skills. Joint
attention is defined as the ability to share a common point of reference with
another person and refers to a cluster of behaviors that can take place across
senses leading to tactile, auditory, or visual joint attention, to name a few (Mon-
lux et al., 2019). Joint attention can be divided into two elements, responding to
bids for joint attention (RJA) and initiating bids for joint attention (IJA; Bruinsma
et al., 2004). In the first case, individuals respond as listeners; in the second case,
they act as speakers. In typically developing children, joint attention can emerge
between 6 and 12 months of age and is well established by 18 months of age. In
autistic children, joint attention is a skill that might be missing from their reper-
toire and is considered one of the earliest indicators of a potential diagnosis of
autism (Dawson et al., 2004; Murray et al., 2008; Roos et al., 2008).

Joint attention is considered a crucial developmental milestone from which
new social and communicative skills emerge, such as imitation, social referenc-
ing, and language skills, to name a few (Jones et al., 2006; Pelaez & Monlux,
2018). Most importantly, joint attention skills have been linked to increased cog-
nitive outcomes (Gabouer & Bortfeld, 2021; Mundy et al., 2007; Smith & Ulvund,
2003). Despite the various ways one can engage in joint attention, the focus is
typically on its visual aspect, which includes eye gaze sharing, eye gaze altera-
tion, gesturing, or object presentation (Monlux et al., 2019). As a result, interven-
tions have historically focused on explicitly developing eye contact (Fonger &
Malott, 2019; Hamlet et al., 1984; Jeffries et al., 2016), which has been heavily
criticized as an ableist target. Various valid arguments have been made about the
need to avoid explicitly targeting eye contact for autistic individuals who might
find it particularly aversive (Jaswal & Akhtar, 2019). Therefore, training should
focus more broadly on developing skills related to eye gaze. These skills should
be cultivated to help autistic individuals maximize naturally occurring learning
opportunities rather than forcing them to conform to neurotypical social norms.

Due to its importance and the significant impact on development, joint atten-
tion has been targeted widely, using various procedures. These include script-
fading (MacDuff et al., 2007; Pollard et al., 2012), video modeling and aug-
mented reality (Pérez-Fuster et al., 2022; Rudy et al., 2014), in vivo modeling and
prompting (Isaksen & Holth, 2009), parent training (Rocha et al., 2007; Schertz
& Odom, 2007), discrete trial training, and pivotal response training (Whalen &
Schreibman, 2003). However, PT has not been embedded in existing programs
used to train either RJA or IJA. As a result, to our knowledge, there is no evidence
demonstrating the by-products of fluency in relation to joint attention skills, nor
any data on celeration values generated during instruction on these skills—an
area where PT could significantly contribute to the literature.

An evaluation of PT’s existing literature suggests that despite its various appli-
cations, the primary focus has historically been on academic skills (Gist & Bulla,
2022; Martinho et al., 2022; McTiernan et al., 2022). As a result, to a certain
extent, PT and fluency training have become synonymous with academic skills
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training and have not attracted adequate attention as to what it could offer prac-
titioners developing other repertoires. What is more, its focus on fluency has
been, at times, misinterpreted. For example, Heinicke et al. (2010) conducted a
review of the evidence on fluency training for autistic individuals. Their review
discussed that building high response rates might not be conducive to certain
EIBI targets, such as manding. However, behavioral fluency does not necessarily
mean high response rates. It means performance that is accurate, effortless, and
has a natural pace (Binder, 1996). Therefore, certain skills might be performed at
high-performance frequencies while others in lower frequencies, and they would
both be considered fluent if the by-products of fluency were demonstrated (Fab-
rizio & Moors, 2003). To a certain extent, we believe this misinterpretation of
fluency results from the PT literature primarily focusing on monitoring the effects
of fluency training on academic skills (e.g., reading and mathematics) that lend
themselves to high-performance frequencies. Therefore, there is a need for more
examples of diverse applications of PT for practitioners interested in adopting the
system and embedding it into their practice. One application that is lacking in the
PT literature is natural environment teaching. Calls have been made to integrate
naturalistic approaches with PT (Weiss, 2001), but to this day, this research gap
seems to remain.

This Study’s Aims

Therefore, this study aimed to expand the evidence on PT’s application beyond aca-
demic skills, emphasizing fluency in other areas and highlighting underutilized con-
cepts such as celeration. Specifically, this study focused on teaching RJA to autistic
students in special education, as this is the first type of joint attention to emerge in
one’s repertoire (Isaksen & Holth, 2009). The research questions developed were:

(1) Will a functional relationship be demonstrated between an intervention utilizing
a component—composite analysis, play-based natural environment teaching, and
fluency-focused instruction and the development of RJA?

(2) Will participants demonstrate the by-products of fluent performance at the end
of the intervention?

(3) What learning rates, quantified via celeration, will participants demonstrate when
engaging in a play-based natural environment teaching focusing on fluency?

Method
Participants and Setting
Prior to approaching potential participants, we obtained ethical approval from

the University of Kent ethics committee. Once ethical approval was provided, we
requested parental consent and subsequently recruited five autistic students in the
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study. They all had English as their first language and had an Education Health Care
Plan issued by the local authority (see Table 1). Participant 2 (PT2) was withdrawn
from the study following baseline due to high rates of behaviors described as chal-
lenging that needed to be addressed. In addition, three typically developing students,
labeled as comparison participants (C1-C3), were included in the study. Using con-
venience sampling, the students were recruited from a local mainstream education
school that followed England’s national curriculum. Two had English as their first
language, while one had English and Swahili. These students’ joint attention skills
were considered fluent, so they were assessed to create performance criteria for the
students who received PT.

All experimental participants attended a special education school in southern
England and were supported within a unit that specialized in using educational
tactics grounded in applied behavior analysis. The unit accommodated 85 students
aged 4 to 19 and provided instruction across all national curriculum areas, includ-
ing communication, academic, social, play, and daily-living skills. The intervention
was conducted in a four by three meters room provided by the school. The room had
a soft bench seat along one wall, with a mirror in the corner and a table with two
chairs in the other. Additional stimuli associated with the intervention (for example,
toys, books, and activities) were available but packed away in an opaque storage
container.

Eligibility Criteria

For inclusion in the study, participants needed to have a diagnosis of autism and
to have been reported by their teachers to be lacking joint attention skills. Students
who demonstrated emerging joint attention skills or who were receiving interven-
tions to develop joint attention skills at the time of the study were excluded from it.

Materials
Assessment Tools

A series of assessment tools were used to provide additional, descriptive informa-
tion about participants’ overall abilities. The Vineland Adaptive Behavior Scales-
IT Teacher Rating Form (VABS-II TRF; Sparrow et al., 2005) is a 233-item scale
measuring adaptive behavior. The Gilliam Autism Rating Scale—2nd Edition
(GARS-2; Gilliam, 2006) is a 42-item scale measuring the extent of symptoms
related to autism. The Verbal Behavior Milestones Assessment and Placement Pro-
gram (VB MAPP; Sundberg, 2008) is a criterion-referenced assessment tool, cur-
riculum guide, and skill-tracking system for autistic individuals or ones diagnosed
with language delays.
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General Materials

Tutors were equipped with printed datasheets, pens, timers, and preferred stimuli,
including toys, activities, and books specific to the student they were implement-
ing the intervention, and backup reinforcers hidden away in a storage container.
Examples of items used included building blocks, music toys, puzzles, and bub-
bles, to name a few. The second observer was present throughout all sessions and
was equipped with datasheets for inter-observer agreement, procedural fidelity
checklists, pens, and timers. Datasheets were constructed on Microsoft Word™ and
included the pinpoint for each skill with a series of instructions in the form of bul-
let points that acted as reminders to tutors about important aspects of the training.
The datasheets contained a table measuring 15X 18, where one could note the date,
location, and time, and collect data for each skill in the triad. It also kept track of
whether participants responded correctly or not to each opportunity presented to
them. Each datasheet was designed to record data for an entire week of school.

Dependent Variable

Six component skills and one composite skill were identified. The component skills
were pinpointed following the PT methodology of combining movement cycles and
learning channels. For example, for component skill 1, we identified the movement
cycle: Aims eye gaze. We then added the relevant context: toward sound and then
person in proximity within 5 s. We completed the pinpoint by adding the learning
channel set: Hear-Aim. This led to the development of the full pinpoint: Hear-Aims
eye gaze toward sound and then person in proximity within 5 s (see Table 2 for a list
of all pinpointed skills). A traditional operational definition was created for the com-
posite skill as it included a combination of learning channel sets and stimuli that led
to a varying complexity that would more authentically resemble a natural context.

The dependent variable was the participants’ independently emitted correct and
incorrect responses per minute, plotted as separate data paths on the Standard Cel-
eration Chart, in line with PT conventions (Kubina & Yurich, 2012). For the com-
ponent skills, a correct response was defined as participants completing a full move-
ment cycle for each targeted skill within the specified time frame. Since component
skills were foundational to RJA, they involved either a single response (e.g., compo-
nent 4) or a dyadic sequence of responses rather than a triadic one. For example, for
component skill 1, participants needed to aim their eye gaze toward the sound and
then toward the person nearby within 5 s. Completing this movement cycle consti-
tuted one correct response. If participants did not complete the full movement cycle
or did so after the 5 s limit from the antecedent’s presentation, an incorrect response
was recorded. The composite skill, being the most complex one trained, required
participants to complete a full triadic sequence. This involved aiming their eye gaze
toward a stimulus while pointing at, touching, or manipulating it, depending on how
RJA was presented. Next, they needed to look at the instructor, return their gaze to
the initial stimulus, and if relevant, hand it to them within 5 s.
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Experimental Design

A concurrent multiple baseline across participants design was employed (Carr,
2005). This decision was considered essential due to various criticisms in the lit-
erature about the need for robust experimental designs to be employed within the
PT literature (Gist & Bulla, 2022; Ramey et al., 2016). For the first triad of com-
ponent skills, PT1 completed three days of baseline, PT3 completed seven, PT4
completed nine, and PTS5 completed eleven, following the design conventions.
For the second triad of component skills, PT1 completed six days of baseline,
PT3 completed ten, PT4 completed twelve, and PT5 fourteen. For the compos-
ite skill, PT1 completed five days of baseline, PT3 completed eight days, PT4
completed nine, and PTS5 completed ten days. As for PT2, they only completed
five days of baseline with the component skills before exiting the study. All base-
line sessions were conducted once a day on separate school days in line with the
design’s conventions. Participants’ allocation to each tier was decided through a
randomization process using the https://www.random.org website.

Performance Criteria

Performance criteria were not calculated for the component skills. However, we
did calculate performance criteria for the composite skill. Specifically, three typi-
cally developing students (i.e., C1-C3) who were reportedly fluent in responding
to and initiating joint attention bids were assessed over three sessions. During the
assessment, students engaged in a 15-min play session with one of their teachers.
To ensure that the teachers’ experience and training would not affect the oppor-
tunities presented to students, we asked different teachers to run each session.
The sequence of sessions and the corresponding teachers working with individual
students were randomized using the website mentioned above. Data were sepa-
rately collected on the joint attention bids initiated by the teacher and the number
of subsequent responses on the students’ part. Both the students and the teachers
were blinded to the nature of the assessment.

This assessment aimed to evaluate how often teachers naturally initiated bids
for joint attention and how many times students successfully responded to them.
That way, we could set a functional criterion in terms of the minimum number
of joint attention bids that would be presented to the students receiving the inter-
vention. In other words, the assessment minimized the possibility of setting per-
formance expectations that would be too low or too high for the students. Once
the assessment was completed, we calculated the median number of the students’
responses to joint attention bids and set that as the performance criterion for the
students who received the intervention. Specifically, participants were expected
to perform either at 14 correct and one incorrect response or 15 correct with no
incorrect responses for three consecutive days. The decision to set the criteria for
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three consecutive days was based on the school’s standard approach to setting
performance criteria for their students.

Setting performance criteria by probing the performance of individuals consid-
ered fluent in the skill is one of the various ways PTers have to determine perfor-
mance standards (see White, 1985, for more detail). This approach enhances practi-
tioners’ decision-making by providing a general benchmark against which they can
evaluate their students’ performance. However, it is worth noting that this approach
is not meant to promote ableism (Bottema-Beutel et al., 2021), but rather act as a
general guide. Variations in performance are not uncommon, and an individualized
approach for each student is encouraged.

Procedure

This study followed three primary phases, namely the baseline assessment, the daily
instruction, and the final assessment (see Fig. 1). The training was delivered on a
1:1 tutor-to-student ratio by four behavior technicians who had between three to
five years of experience working in the field of applied behavior analysis within the
school setting. Each tutor was supervised by the second author, who was a board-
certified behavior analyst (BCBA) with nine years of experience, with oversight
from the first author, who was a doctoral-level BCBA with ten years of experience.
Another BCBA was available for collecting inter-observer agreement and fidelity
data throughout the study and had five years of experience in the field.

Due to the nature of the skills targeted, it was not possible to arrange for instruc-
tion to be delivered in a free-operant arrangement typically employed within PT. A
free-operant arrangement allows students to perform at their natural pace without
any imposed limits to their performance. However, RJIA (and its component skills)
involves the presentation of a stimulus from another person. As a result, one’s pace
of RJA is dictated by how many bids to respond are provided. Evans et al. (2021)
discussed how PTers arrange instruction across different degrees of restriction that
transition from controlled operants (e.g., discrete trial training; Smith, 2001) to free-
operant arrangements (e.g., frequency-building to a performance criterion; Kubina
& Yurich, 2012). The instructional arrangements in this study would be in the mid-
dle of that range of restrictions. Although participants could not perform the skill in
a free-operant format for reasons already described, they were presented with a min-
imum number of opportunities to respond linked to their typically developing peers’
performance, who were considered fluent in the skill. In other words, how natural
environment teaching was delivered ensured that any ceilings placed on participants’
performance were minimized, to the extent possible, in line with PT expectations
(Evans et al., 2021).

Preference Assessment

A multiple stimulus with replacement preference assessment was conducted at the
beginning of the study to help us identify stimuli that could be used during the
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Baseline
All skills across all four participants.
1. Component skills
Six skills in total broken into:

a) Triad 1
b) Triad 2
2. Composite skill
Component skills: Triad 1 Component skills: Triad 2
Participants introduced to the intervention Baseline continued across all participants

in a staggered manner. for all skills in Triad 2.

Training provided for all three skills.
Duration: 3 weeks

Component skills: Triad 2 Composite Skill
Participants introduced to the intervention Baseline continued
in a staggered manner. across all participants.

Training provided for all three skills.
Duration: 3 weeks

Composite Skill
Participants introduced to the intervention
in a staggered manner.
Duration: Performance criterion met across
3 consecutive days.

Assessment of Mastery
As soon as each participant completed the composite skill practice, they were assessed on:
1. Endurance: Session extended to 30min.
2. Stability: Skill evaluated in the regular classroom environment under normal conditions.
4. Generalisation: Skill evaluated in a novel setting and with a novel tutor.

5. Maintenance: Composite skill assessed once a week for five weeks.

Fig. 1 Study’s Steps

training. This preference assessment was chosen as it was typically used within the
school setting, and contextual fit was an important consideration. However, more
robust preference assessment procedures, such as the multiple stimulus without
replacement method, could be used (DeLeon & Iwata, 1996). Stimuli identified as
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highly preferable were not used during training to evoke joint attention but were
provided as reinforcing stimuli when joint attention occurred. That way, to the extent
possible, we guarded against shaping a manding (i.e., requesting) repertoire during
the joint attention training, which would be linked to IJA and was beyond the study’s
focus. Stimuli identified as moderately preferable were used to evoke joint attention
to ensure that motivation was still present for the participants. Despite our efforts
to avoid shaping a manding repertoire, it is important to note that using moderately
preferred stimuli does not necessarily prevent the development of such a repertoire,
as participants may still be motivated to access those stimuli. However, in our study,
the chosen stimuli did not evoke manding behaviors and did not interfere with our
procedures.

For Participant 1, the stimuli used as reinforcers for engaging in joint attention
were the iPad, lanyards, slinkies, snakes, and cereal bars. For Participant 3, the
musical teapot, shakers, clapping hands toys, slimes, and massage balls. For Par-
ticipant 4, the iPad, blocks, alphabet puzzles, and cucumber. Finally, for Participant
5, the iPad, playdough, massage balls, slimes, and crackers. For all participants, the
reinforcers were provided individually and rotated throughout each session.

Baseline

During baseline, participants were given various toys of moderate and high prefer-
ence and engaged in 15-min play sessions with their tutor in a 1:1 format. Com-
ponent skills were broken into two triads. Each triad and the composite skill were
baselined separately. For the components, participants were provided with five
opportunities to respond per skill in a randomized fashion for a total of 15 opportu-
nities. For example, for component skill 3, the student would attend to the tutor, who
would then point and look at a toy nearby. If the student did not shift their eye gaze
toward the toy, the tutor would score an incorrect response and proceed with the ses-
sion. No prompting or feedback was provided to participants. Similarly, the compos-
ite skill was baselined by offering 15 opportunities to respond per session without
providing any prompting or feedback. At the end of each session, participants were
praised for taking part, and the session was concluded.

Instruction Component Skills

Participants first received instruction on the component skills and then on the com-
posite skill. To make practice efficient, instruction was presented simultaneously
for each triad of skills. Instruction consisted of three weeks per triad of component
skills for a total of six weeks.

Instruction was primarily delivered on a 1:1 tutor-to-student ratio. However, due
to the nature of some of the skills being targeted, there were cases where a second
tutor was involved. Specifically, any skills involving producing a sound as an ante-
cedent, such as from a musical toy, required a second tutor positioned in the cor-
ner of the room who was responsible for producing the sound. During the instruc-
tional sessions, tutors offered practice on each of the three skills in a randomized
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fashion while ensuring that participants had at least five opportunities to respond for
each skill for a total of 15 per session. Participants received daily instruction using
natural environment teaching in a play-based format, including social and tangible
reinforcement, along with corrective feedback that included response and stimulus
prompts and prompt fading (see Table 2).

During instruction, participants were presented with a relevant antecedent event
linked to the relevant component skill. Depending on whether they responded cor-
rectly or not, they either received confirmatory or corrective feedback. Confirmatory
feedback included vocal praise and the presentation of a preferred item on a fixed
ratio of one (FR1) schedule of reinforcement. Corrective feedback included two sep-
arate steps presented sequentially. The first step included removing additional stim-
uli from the environment and representing the antecedent. The second step involved
ensuring the environment was free from distractions, ensuring that the tutor’s posi-
tion was adjacent to the participant, and presenting a stimulus or response prompt
(see Table 2 for more information). If participants did not respond to the final step,
the tutor presented 2—3 one-step directions before presenting the next opportunity to
respond independently. The prompting used during corrections varied depending on
the targeted skill and included gestural prompts, position, movement cues, and vocal
prompts. For example, when practicing the first component skill, participants were
engaged in natural play and presented with a sound (e.g., a musical toy). Depending
on whether they looked at the source of the sound and then their tutor or not, they
received praise and a highly preferred item or a correction in the form of stimuli
being removed from their immediate environment and the sound being represented.
If they did not respond after this first correction, the second observer would repre-
sent the sound, and the primary tutor would exaggerate, directing their gaze toward
it to prompt the student to shift their gaze toward the sound and then back to the
primary tutor. If the participant still failed to respond after this second correction,
the primary tutor would present 2—3 mastered one-step directions, natural to the play
they were engaging in, before providing a novel opportunity to respond indepen-
dently. Once practice was completed, tutors plotted the data on the Daily per Minute
SCC (see section titled: Data Repository).

Instruction Composite Skill

Instruction on the composite skill was similar to the one used to train the compo-
nent skills and followed the same sequence of confirmatory and corrective feedback.
However, there were some critical differences. First, instead of using moderately pre-
ferred items as with the component skills, we used novel items. Second, rather than
training a simple or dyadic response, we instructed participants to engage in a full
triadic sequence. This involved presenting bids of varying complexity, incorporating
visual, auditory, and tactile stimuli to simulate natural conditions. During training,
participants were guided to shift their gaze to the stimulus, then to their tutor, and
back to the original stimulus—a triadic sequence not required during component
skills practice. Given the diverse presentations of RJA, participants were sometimes
expected not only to gaze at the stimulus but also to point to, pick up, manipulate,
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or hand it to their tutor. For instance, during practice, a tutor would point and say,
‘Look at (name) jumping so high on the trampoline,” referring to someone a few feet
away. Participants were instructed to observe the person on the trampoline, return
their gaze to the tutor, and again to the person jumping. At times, participants might
have been playing with a car track that was missing a piece, in which case the tutor
would point to the piece across the carpet so that participants could go and pick it up
and complete the track. In this case, as well, participants were trained to look where
the tutor pointed, then at the tutor, and finally go and pick up the piece. Similarly,
if someone entered the room, the tutor would point and announce, ‘(name) is here
to say hello.” Participants were instructed to look at the person, then their tutor, and
respond with a greeting. Third, the composite skill practice included more opportu-
nities to respond linked to the performance criteria set.

Mastery Assessment

When the training of the composite skill was completed, participants’ performance
was assessed for some of the by-products of fluency. These by-products are consid-
ered the golden standard of mastery in PT (Fabrizio & Moors, 2003). Specifically,
we assessed endurance, stability, generalization, and maintenance (ESG-M). First,
participants’ ability to perform for longer durations (i.e., endurance) was assessed
by asking them to engage in a play session that was twice as long (i.e., 30 min) as
their usual training session. During the session, the minimum number of joint atten-
tion bids initiated by the teachers was also doubled. As a result, performance criteria
were set at a minimum of 28 correct responses per session with no more than two
incorrect responses to account for the increase in the play session’s duration. Sec-
ond, the participants’ ability to perform in the face of distraction was assessed. Spe-
cifically, we conducted a 15-min session in a busy room where other students and
tutors interacted. Third, we assessed their ability to generalize their skills to novel
situations by asking them to engage in a 15-min play session with a novel tutor, in
a novel room, and with novel toys. Finally, the participants’ ability to maintain their
performance improvements on the composite skill was assessed once a week for five
consecutive weeks.

Absence Protocol

Instructional sessions happened once a day. If participants missed up to two days of
school due to illness or other reasons, they engaged in one or two double sessions
(morning and afternoon) to catch up. If participants missed three days of school,
the practice was reset for that week, and participants started again the next week.
No double sessions were conducted, but participants had to repeat a whole week in
some cases due to COVID-19 school closures. Specifically, PT1 had to restart two
non-consecutive weeks, while the remaining participants had to restart one week
each.
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Interobserver Agreement

Interobserver agreement (IOA) was assessed for all participants across each study
phase. Specifically, IOA was collected for baseline, component skills instruction
(Triad 1 and Triad 2), composite skill instruction, and the mastery and maintenance
assessments (ESG-M). Where the number of sessions remained consistent across
participants, we conducted IOA for an equivalent number of sessions. As a result,
TIOA data were collected for 40% of the total sessions in Triad 1, Triad 2, and Main-
tenance conditions. Furthermore, we ensured IOA data encompassed all assessments
conducted during the ESG condition. However, due to variations in the number of
baseline and composite skill practice sessions, there was a slight difference in the
percentage of sessions where IOA assessments occurred. Specifically, for PT1, we
assessed IOA for 40% of baseline sessions and 28.57% of composite skill sessions;
PT3 for 37.50% of baseline and 40% of composite skill sessions; PT4 for 44.4% of
baseline and 66.67% of composite skill sessions; and lastly, for PT5, 40% of baseline
and 50% of composite skill sessions.

A second BCBA independently scored either video recordings of the sessions or
in person during a training session. Point-by-point agreement was determined by
dividing the number of trials with observer agreement (i.e., where both recorded
either a correct or incorrect response to the bid for joint attention) by the total num-
ber of trials, and then multiplying the result by 100 to obtain the percentage. Aver-
age agreement in baseline was 97% (range 93%-100%) for PT1, 100% for PT3 and
PT4, and 98% (range 93%—100) for PTS; in Triad 1 100% for PT1, PT4, and PTS5,
and 99% (range 93%—-100%) for PT3; in Triad 2, 100% for PT1, PT3, and PT4, and
99% (range 93%—-100%) for PT5; in the composite, 97% for PT1 (range 93%—100%)
and 100% for PT3, PT4, and PT5; in ESG, 99% (range 97%—-100%) for PT1, 98%
(range 93%—-100%) for PT3, and 100% for PT4 and PTS5; and finally, in maintenance,
100% for all participants.

Procedural Fidelity

Procedural fidelity was assessed for all participants for the same number of ses-
sions as with IOA and by the same BCBA. Checklists were created on Microsoft
Word™ and included items tailored around each skill. All aspects of the baseline,
instruction, and mastery assessment procedure were included, such as the way tutors
positioned themselves, presented the antecedent stimuli, provided confirmatory or
corrective feedback, or the number of response opportunities they provided to par-
ticipants. Separate checklists were created for the two triads of component skills and
the composite skill for each phase of the study (see section titled: Data Repository).
The Triad 1 baseline checklist had 14 items, Triad 2 had 16 items, and the com-
posite skills had five items. The Triad 1 instruction checklist had 47 items, Triad 2
had 46 items, and the composite skills had 14 items. The ESG-M assessment check-
list of the composite skill had 16 items. The BCBA scored each checklist by tally-
ing either correct or incorrect for each item at each presented opportunity. Average
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total fidelity in baseline was 99% (range 97%—-100%) for PT1, 100% for PT3 and
PT5, and 99% for PT4 (range 95%—-100%); in Triad 1, 98% (range 90%—100%) for
PT1, 99% (range 96%—100%) for PT3, 100% for PT4, and PT5; in Triad 2, 100% for
all participants; in the composite, 100% for PT1, PT3, and PTS5, and 99% for PT4
(range 98%—-100%); in ESG, 99% (range 96%—100%) for PT1 and PT5, 98% (range
95%—100%) for PT3, and 100% for PT4; and finally, in maintenance, 100% across
all participants.

Social Validity

At the end of the study, the participants’ parents were provided with a questionnaire
developed by the authors that included four statements about the training process
and their child’s progress as a perceived result of this. A 6-point Likert scale was
included in each question that ranged from ‘strongly disagree’ to ‘strongly agree.’
For example, one question asked them to score the statement, ‘My child did not pre-
viously display responses to bids for joint attention prior to this intervention,” while
another to score the statement, ‘My child has gained skills relating to responding
to bids for joint attention.” Finally, item five provided the opportunity for parents to
add any other comments about the study. All parents chose ‘strongly agree’ across
all items, indicating high satisfaction with the intervention. In addition, one parent
commented that ‘my son is so much more engaged in everything around him now,
(...),” while a second parent commented, ‘I did not know what joint attention was
before, but now it is so obvious how important it is for my child to succeed in life.’

Another questionnaire (see section titled: Data Repository) was provided to
participants’ lead teachers who were not involved in the study. The questionnaire
covered topics similar to the parents,” with the addition of whether the goals, pro-
cedures, and outcomes were satisfying for that individual. Five questions were
included with the same 6-point Likert scale. For example, one question asked them
to score the statement ‘X seemed to enjoy taking part in this intervention,” while
another asked, ‘The intervention was easy to implement effectively by X’s tutor.” All
teachers chose ‘strongly agree’ across all items, indicating high satisfaction with the
intervention.

Data Analysis

Data were analyzed by using an online version of the Daily per Minute SCC
through a software named PrecisionX, available at https://centralreach.com/
products/precisionx/, that provided digital copies of the participants’ SCC and
helped us calculate relevant behavioral metrics. The primary metrics utilized
were the level, celeration, bounce, and level change multiplier. The level shows
the average performance of the individual across time. The geometric mean was
calculated as it is more appropriate for data plotted on the SCC and less affected
by extreme variables (Everitt & Howell, 2005). The daily celeration (i.e., count/
unit of time)/unit of time) was calculated during the baseline and instructional
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phases, and the weekly celeration was calculated during maintenance as perfor-
mance was assessed across weeks, not days. In all cases, the least-squares regres-
sion method was used. Kubina and Yurich (2012) offer detailed information on
interpreting celeration values. Notably, values close to or above x2.00 are con-
sidered particularly robust. To make it easier to evaluate participants’ progress
over time, we transformed celeration values into percentages. Bounce produces a
ratio quantifying behavioral variability across time and is always reported using
a multiplication (x) symbol. As with celeration, Kubina and Yurich (2012) offer
detailed information on interpreting bounce. It is worth noting that a bounce
value up to X 3.00 suggests stable performance. The level change multiplier pro-
duces a ratio showing how much average performance changed from one phase
to another (e.g., baseline to intervention). The ratio was calculated by dividing
the highest number by the lowest number and then assigning the multiplica-
tion (x) or division (+) sign to indicate an increase or decrease in average per-
formance across time (Kubina & Yurich, 2012). In this case, values were also
transformed into percentages to improve clarity.

In addition to these metrics, the baseline corrected TAU was calculated through
an online calculator available at https://ktarlow.com/stats/tau/ (Tarlow, 2016, 2017).
The baseline corrected TAU is a nonparametric effect size that makes possible the
evaluation of the presence of a monotonic trend in the baseline and its correction if
necessary (Tarlow, 2017). This effect size was calculated using participants’ correct
responses and by comparing baseline to instruction data for the component skills
and baseline to maintenance data for the composite skill. Small effects were between
0 and 0.65, medium effects were between 0.66 and 0.92, and large effects were
between 0.93 and 1.00 (Fig. 1).

Results
Triads of Component Skills

All participants benefitted from the intervention across both triads of component
skills (see Table 3). PT1 demonstrated an average increase in correct responses by
317% (range 266%-383%) across the three skills in Triad 1 with small effect sizes
(see Fig. 2, first panel). In Triad 2, they improved by 267% (range 187%—327%) with
small to moderate effect sizes across the three skills (see Fig. 3, first panel). PT3
improved by 277% (range 218%-354%), with moderate effect sizes in Triad 1 (see
Fig. 2, second panel). In Triad 2, they improved by 182% (range 47%-331%) with
small to moderate effect sizes (see Fig. 3, second panel). PT4 improved by 461%
(range 357%-568%) with moderate effect sizes in Triad 1 (see Fig. 2, third panel).
In Triad 2, they improved by 508% (range 139%—707%) with moderate effect sizes
(see Fig. 3, third panel). PTS improved by 298% (range 268%—352%) with moderate
effect sizes in Triad 1 (see Fig. 2, fourth panel). In Triad 2, they improved by 514%
(range 202%-767%) with moderate effect sizes (see Fig. 3, fourth panel).
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Table 3 Behavioral Metrics for the Two Triads of Component Skills

Component 1

Celeration

Bounce

Average Correct

Average Incorrect

Average Correct

Average Incorrect

(Min-Max) (Min-Max) (Min-Max) (Min-Max)
PT1 x2.40 +2.90 x2.01 x2.00
(X 1.50-x4.66) (+2.64—+3.51) (x1.40-x%3.60) (x1.90-%2.10)
PT3 x4.98 +2.49 x1.79 x1.71
(X 1.76—x%20.00) (+1.76—+4.41) (x1.70-%2.00) (x1.30-x%2.40)
PT4 x1.57 +2.90 x1.56 x2.28
(x1.33-x1.75) (+1.33-+4.29) (x1.40-x1.70) (x1.70-2.90)
PT5 x4.41 +3.65 x1.64 x1.43
(X2.64—x7.56) (+1.50-+10.00) (x1.40-%2.10) (x1.30-x%1.60)
Component 2
PT1 x1.42 +2.10 x1.83 x2.10
(+1.08-x1.76) (+1.76-x1.99) (X 1.50-x2.40) (X2.40-x4.30)
PT3 x2.98 +1.86 x1.76 X 1.66
(x1.76-x4.29) (+1.76—+1.99) (x1.60-x2.00) (x1.20-x%2.40)
PT4 x1.36 +1.67 x1.56 x2.62
(x1.00-%2.16) (x1.00-+2.87) (x1.40-x%3.40) (X2.20-x%3.40)
PTS x4.05 +4.05 x1.78 x1.78
(x1.00-x%15.50) (x1.00-+39.70) (x1.30-x%2.40) (x1.50-%2.10)
Component 3
PT1 x5.75 +5.23 x1.75 x1.40
(x4.41-x6.96) (+2.04-+20.00) (x 1.40-x2.40) (x1.30-x1.50)
PT3 x4.17 +4.04 X 1.46 x1.59
(x1.5-x11.30) (+2.50-+10.00) (x 1.40-x1.60) (x1.20-x2.10)
PT4 x3.42 +5.92 x1.39 x1.91
(x 1.37-x15.00) (+2.64-+11.30) (x1.20-x1.50) (X 1.70-x2.40)
PT5 X2.56 +3.86 x1.63 x1.75
(1.00-x4.41) (+1.00-+20.00) (x 1.30-x%2.40) (x1.50-x2.10)
Component 4
PT1 x3.35 +5.04 x1.58 x2.43
(x1.75-%12.30) (+4.29-+6.96) (x1.40-x%2.00) (X2.40-x%2.50)
PT3 x3.01 +4.12 X 1.68 x2.22
(X1.37-%6.18) (+2.64—+7.56) (x1.30-x%2.30) (X1.50-x%2.70)
PT4 x1.21 +1.62 x1.43 x2.44
(x1.00-x1.75) (x1.00-+4.29) (x1.30-x%1.60) (X2.10-%2.90)
PT5 x1.98 +4.40 x1.37 x2.05
(x1.17-%3.23) (+1.62-+7.56) (x1.30-x%1.40) (x1.50-x%2.40)
Component 5
PT1 x3.75 +1.88 x2.33 x1.76
(X3.51-x4.29) (+1.67-+1.99) (X2.30-x%2.40) (x1.50-%1.90)
PT3 x2.61 +2.38 x1.87 X 1.85
(+1.33-x6.18) (+1.33-x1.33) (x1.60-x%2.40) (x1.70-x2.20)
PT4 x 1.49 +2.46 x1.52 x2.33
(X1.17-x2.43) (+1.62-+5.69) (x1.40-x1.80) (X2.20-x%2.40)
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Table 3 (continued)

Component 1

Celeration

Bounce

Average Correct

Average Incorrect

Average Correct

Average Incorrect

(Min-Max) (Min-Max) (Min-Max) (Min-Max)
PT5 x1.98 +4.40 x1.37 x2.05
(X1.17-x3.23) (+1.62-+7.56) (x1.30-x1.40) (x1.50-x%2.40)
Component 6
PT1 x3.44 +3.79 x1.90 x1.91
(X1.67-%9.25) (+1.37-+9.25) (X1.60-x2.70) (x1.50-%2.90)
PT3 x2.79 +5.92 x1.69 x2.50
(X1.17-%9.52) (+1.62-+18.40) (x1.40-x%2.30) (X2.40-x%2.70)
PT4 x2.51 +4.29 x1.54 x2.01
(x1.00-x11.60) (x1.00-+29.90) (x1.30-x%2.00) (X 1.60-x2.40)
PTS x1.48 +3.09 x1.77 x3.03
(X1.17-x2.04) (+1.62-+6.96) (x1.20-%2.70) (x1.70-x4.80)

Celeration and Bounce were calculated separately for the correct and incorrect responses. Celeration is
presented with the multiplication sign (x) to indicate an acceleration of performance across time and the
division sign (+) to indicate a deceleration. Bounce is always reported using a multiplication symbol
(x). The daily Celeration and Bounce were calculated for each week of the three weeks of instruction
and then averaged using the geometric mean. Component skills 1-3 were taught interchangeably during
15-min sessions. Component skills 4-6 were introduced after skills 1-3 and taught interchangeably dur-
ing 15-min sessions

Composite Skill

All participants improved considerably in the composite skill that produced moder-
ate effect sizes and were maintained across five weeks (see Fig. 4). They also main-
tained their performance near the performance criteria set, during the ESG mastery
assessment, except for the stability assessment, which demonstrated a slight drop for
PT1 and PT4. However, a clear functional relation was not demonstrated due to per-
formance improvements in the final baseline session across all participants.

For PT1, baseline lasted five days, including a final baseline probe after complet-
ing component skills training (see Fig. 4, first panel). PT1’s baseline performance
was stable atx2.80 bounce, and incorrect responses were consistently higher than
correct ones. In the final baseline probe, PT1 increased their correct responses, indi-
cating the emergent application of component skills. However, incorrect responses
remained higher, suggesting the need for explicit training. During the instructional
phase, performance improved considerably by the third day, suggesting an immedi-
ate effect. PT1’s correct responses accelerated by x2.09 (109%) with x 2.00 bounce,
while incorrect responses decelerated by +10.90 (91%) with ax 3.90 bounce. Over-
all, during instruction, PT1 averaged 0.73 correct responses per minute, an average
increase of 1350% from baseline, with no data overlap between the baseline and
instructional phases. Incorrect responses averaged 0.12 per minute, an 86% average
decrease from baseline, with no overlap between phases. During maintenance, PT1
averaged 0.97 correct responses and 0.04 incorrect responses.
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Fig.2 First Triad of Component Skills. As the ratio axis has no actual zero value, we followed Preci-
sion Teaching conventions related to plotting zero values on the family of Standard Celeration Charts.
We added zero in brackets to improve clarity. The baseline corrected TAU was calculated by comparing
baseline to instruction data

For PT3, baseline lasted eight days, including the final baseline probe (see
Fig. 4, second panel). PT3’s baseline performance was stable atx2.40 bounce,
and incorrect responses were consistently higher than correct ones. In the final
baseline probe, PT3 also increased their correct responses, indicating the emer-
gent application of components. However, incorrect responses remained higher.
During the instructional phase, performance improved considerably by the third
day, suggesting an immediate effect. PT3’s correct responses accelerated by X 5.98
(498%) withx 1.80 bounce, while incorrect responses decelerated by 138.90
(99%) with x 3.80 bounce. Overall, during instruction, PT3 averaged 0.70 correct
responses per minute, an average increase of 1160% from baseline, with no data
overlap. Incorrect responses averaged 0.13 per minute, an 86% average decrease
from baseline, with only one datum point overlapping (7.69%). During mainte-
nance, PT3 averaged 0.98 correct responses and 0.03 incorrect responses.

For PT4, baseline lasted nine days (see Fig. 4, third panel). PT4’s baseline per-
formance was moderately variable at X 3.10 bounce, and incorrect responses were
consistently higher than correct ones. PT4 increased their correct responses in
the final baseline, though incorrect responses remained higher as with the other
participants. During the instructional phase, performance improved immediately.
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Fig.3 Second Triad of Component Skills. As the ratio axis has no actual zero value, we followed Preci-
sion Teaching conventions related to plotting zero values on the family of Standard Celeration Charts.
We added zero in brackets to improve clarity. The baseline corrected TAU was calculated by comparing
baseline to instruction data

PT4’s correct responses accelerated by X 1.27 (27%) withx 1.10 bounce, while
incorrect responses decelerated by+11.30 (91%) withx 1.60 bounce. Overall,
during instruction, PT4 averaged 0.97 correct responses per minute, an average
increase of 1530% from baseline, with no data overlap. Incorrect responses aver-
aged 0.04 per minute, a 96% average decrease from baseline, with no overlap.
During maintenance, PT4 averaged 0.98 correct responses and 0.03 incorrect
responses.

For PTS5, baseline lasted ten days (see Fig. 4, fourth panel). PT5’s baseline per-
formance was moderately variable at X 3.10 bounce, and incorrect responses were
consistently higher than correct ones. PT5 also increased their correct responses
in the final baseline, though incorrect responses remained higher. During the
instructional phase, performance improved immediately. PT5’s correct responses
accelerated by X 1.29 (29%) with X 1.10 bounce, while incorrect responses decel-
erated by+11.30 (91%) withx2.90 bounce. Overall, during instruction, PT5
averaged 0.94 correct responses per minute, an average increase of 1320% from
baseline, with no data overlap. Incorrect responses averaged 0.05 per minute, a
94% average decrease from baseline, with no overlap. During maintenance, PT5
averaged 0.95 correct responses and 0.05 incorrect responses.
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Overall, PT1 required seven days of instruction to meet the performance criteria
and increased their response accuracy from 4.00% in baseline to 97.33% in main-
tenance. PT3 required five days of instruction to meet the performance criteria and
increased from 5.83% in baseline to 98.67% in maintenance. PT4 required three
days of instruction and increased from 5.93% to 98.67%, and PT5 required four days
and increased from 8.67% to 96%.

Discussion

This study sought to evaluate whether a PT framework combined with play-based,
natural environment teaching could effectively teach autistic children to respond to
bids for joint attention by offering instruction in underlying skills to fluency before
targeting the primary skill of concern. The intervention included elements of best
practice as highlighted in the existing literature, such as the focus on multiple topog-
raphies, the use of a play context, the application of evidence-based interventions
such as natural environment teaching, and a focus on generalization (White et al.,
2011). The results were encouraging as all participants made considerable improve-
ments that were maintained. This study demonstrates an original application of PT
and adds more evidence about its effectiveness in improving performance and accel-
erating learning across different skills (Gist & Bulla, 2022; McTiernan et al., 2022;
Ramey et al., 2016).

We believe this study to be an essential addition to the existing PT literature. Pre-
cision teaching has historically been used across different behaviors, such as imi-
tation (Lin & Kubina, 2015), ballet movements (Lokke et al., 2008), Tap dancing
(Pallares et al., 2021), steps walked (Junaid et al., 2021), thoughts and feelings (Pat-
terson & McDowell, 2009), and speech and language conditions (Aravamudhan &
Awasthi, 2021). However, the field’s greatest impact has been in the area of aca-
demic skills (Gist & Bulla, 2022; Johnson et al., 2021; McTiernan et al., 2022; Saw-
yer et al., 2021).

Despite this, PT has much to offer to practitioners focused on other areas of devel-
opment, such as joint attention. We hope this study is a valuable resource for prac-
titioners who wish to integrate PT into existing evidence-based intervention frame-
works. We propose that PT could enhance and fine-tune practitioners’ outcomes by
focusing on frequency as a measure of performance, assessing the by-products of
fluency as a measure of true mastery, and using behavioral metrics to achieve an
advanced understanding of students’ overall progress. Furthermore, it is crucial to
underscore that PT is not meant to function in isolation. On the contrary, it has been
designed to be embedded within other intervention frameworks to help practitioners
gather precise data about the effectiveness of their efforts. Therefore, the potential
for integrating PT within early childhood education is considerable.

This study demonstrates the significance of incorporating frequency as the pri-
mary measure of students’ joint attention skills. Unlike the conventional reliance on
dimensionless performance measures based on percent correct, PTers have advo-
cated for an emphasis on functional mastery (Berens, 2020; Johnson & Layng,
1992; Lindsley, 1990). Frequency measures focus practitioners’ efforts on arranging
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Fig. 4 Composite Skill. As the ratio axis has no actual zero value, we followed Precision Teaching con- p
ventions related to plotting zero values on the family of Standard Celeration Charts. We added zero in
brackets to improve clarity. The annotation line in the baseline highlights the impact on the composite
skill produced by training the two triads of component skills. ESG =endurance, stability, and generali-
zation. This assessment was delivered in one day. However, the data were graphed as separate days to
support visual analysis. Each datum point presented represents each assessment. The baseline corrected
TAU was also calculated by comparing baseline to maintenance data and presented within each tier.
Maintenance assessments were conducted once a week for five consecutive weeks; W = Week

instruction in ways that promote natural responding that leads to proficient perfor-
mance. In this study, participants were not expected to engage in free-operant prac-
tice (e.g., short timings using worksheets) typically used within PT when engag-
ing in academic skills practice (Datchuk & Kubina, 2014; Johnson & Street, 2012).
Still, instruction was arranged in ways to promote a natural pace of responding, and
frequency was used as the primary measure of evaluating performance in each ses-
sion. As a result, participants were able to develop fluency in the primary skill as
demonstrated by their ability to respond to bids for joint attention for longer periods
(endurance), in the presence of distracting stimuli (stability), across different situa-
tions (generalization), and in the absence of practice (maintenance). Therefore, this
study adds to the existing literature demonstrating ways to focus on fluency when
not developing academic skills (Aravamudhan & Awasthi, 2021; Lin & Kubina,
2015; Vascelli et al., 2020).

Second, this study showcases how behavioral metrics can offer an advanced
understanding of an intervention’s impact not only on participants’ performance, as
measured by frequency, but also learning, as measured by celeration. Celeration is
a behavioral phenomenon that has not been adequately investigated within the field
of PT and broader behavior analysis. Celeration offers a unique measure of behav-
ior change across time that can be particularly useful when developing repertoires.
In simple terms, celeration allows practitioners to quantify the student’s pace of
transitioning from slow and hesitant to quick and effortless performance. In other
words, celeration is a measure of students’ learning rate (Binder, 1996). Celeration
calculations are missing from mainstream behavior-analytic literature on joint atten-
tion skills. We posit that celeration can lead to additional discoveries and a more
nuanced understanding of how these skills develop. It can also offer information on
behavioral agility (Meyer et al., 2021).

Behavioral agility is defined as one’s ability to learn more efficiently and is evalu-
ated through advanced metrics with a primary focus on celeration values and how
they change across time. Specifically, PTers evaluate, among other things, whether
celeration values increase (or celeration lines become steeper on the Standard Celer-
ation Chart) as instruction progresses. That way, they are able to determine whether
their students are developing the ability to learn related content faster and, therefore,
progress across their curriculum at an optimal rate (for a more detailed discussion of
agility, see Meyer et al., 2021). This measure could be useful to practitioners train-
ing joint attention skills across different sets of stimuli. Measuring celeration with
each set could show whether participants increase their learning rate as novel sets
are introduced.
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Finally, celeration values offer more objectivity during visual analysis. By using
celeration to quantify the trend lines depicted on SCCs, practitioners can more uni-
formly agree on whether progress is adequate or not. This can lead to more con-
sistent decision-making across practitioners or researchers investigating joint atten-
tion or related skills (Kubina et al., 2023). To our knowledge, this is the first study
to collect celeration data on joint attention skills. A closer look at the celeration
values produced by this study’s participants seems to suggest a very encourag-
ing impact. Typically, PTers consider ax?2.00 (i.e., 100%) weekly acceleration as
an optimal outcome as it leads to a doubling of performance each week (Johnson
& Street, 2013; Johnson et al., 2021). To that end, they strive to arrange instruc-
tional conditions that minimize performance barriers and allow students to accel-
erate their learning rapidly. In this study, participants’ celeration values were at
times considerably higher thanx2.00 (see Table 3). Specifically, a calculation of
the average weekly acceleration across the three weeks of component skills prac-
tice showed that participants exceeded ax?2.00 value in 79.16% of cases across all
six component skills. Moreover, there were cases where celeration exceeded x 10.00
(i.e., 900% improvement). Therefore, our data confirm similar findings in the PT
literature (Vostanis et al., 2021, 2022) and suggest that autistic students’ potential to
accelerate their learning is considerable. By incorporating this measure in naturalis-
tic developmental behavioral interventions, we could be better equipped to evaluate
whether certain components of instructional packages have a greater or lesser effect
on students’ improvements.

Moreover, this study extends the existing literature by providing a comprehen-
sive framework for developing RJA with students within the upper end of the age
range of individuals typically included in similar studies who have minimally devel-
oped verbal repertoires. Basso et al. (2021) highlighted a need for more research
with this population, as it is never too late to develop joint attention skills. Specifi-
cally, joint attention studies have historically included participants aged between 0
and 7 years old (Hansen et al., 2018). In this study, students were aged between 5:6
and 6:6 years old and would be considered early learners based on their scores on
the various assessment tools used in this study. Consequently, our findings augment
the existing body of evidence and highlight that even students nearing the upper age
range and exhibiting more complex needs have the potential to develop one of the
two types of joint attention, which could yield numerous beneficial outcomes in the
areas of communication, social, and play skills, to name a few (Murza et al., 2016).

This study also had a series of additional noteworthy findings. First, all partici-
pants improved their component skills, albeit to a varying degree. As a result, we
noticed some minimal spillover effects to the composite skill. Specifically, although
incorrect responses in the composite skill remained considerably high, an increase
in correct responses was noted in each participant’s last baseline session, suggest-
ing that participants were becoming more able to recruit their component skills
when expected to engage in the more complex composite skill. This would suggest
that participants were supported to engage in what PTers call application, which is
combining prerequisite skills to perform a more complex skill (Stocker et al., 2018).
This fact was further confirmed by the number of days participants needed to meet
their performance criterion. Participants needed seven, five, three, and four days,
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respectively, to master the skill. This quick transition to mastery suggests that train-
ing the component skills optimized participants’ ability to master the composite
skill.

Second, the results of this study add more evidence about the beneficial outcomes
of breaking down joint attention into its component skills (Kourassanis-Velasquez
& Jones, 2019). Meindl and Cannella-Malone (2011) discussed that IJA and RJA
are separate skills that could be targeted separately, while Monlux et al. (2019) dis-
cussed that joint attention is not always uniform, as it can happen across senses (e.g.,
visual, auditory, or tactile), and can include bids that involve pointing, showing an
object, or activating an object, to name a few. So far, there is a mixture of approaches
in the literature, with some studies treating RJA as one skill (Chohan & Jones, 2019;
Krstovska-Guerrero & Jones, 2016; Kryzak et al., 2013), while others offering more
explicit instruction across different types of joint attention or stimuli (Ferraioli &
Harris, 2011; Fredericks et al., 2023; Isaksen & Holth, 2009). Rudy et al. (2014)
discussed in detail that RJA and IJA could be broken down even further and sug-
gested that teaching their underlying component skills separately could lead to better
outcomes, an argument supported by the results of this study. Specifically, this study
focused on developing participants’ ability to engage in a single response or dyadic
response sequence, such as directing their gaze first at a stimulus and then at the
instructor during the practice of component skills. Nevertheless, when practicing the
composite skill, participants quickly mastered a triadic sequence, involving directing
their eye gaze at a stimulus, then at the instructor, and finally back to the stimulus.

Finally, it is worth noting that the training focused on eye gaze and not eye con-
tact. Specifically, participants were expected to orient their eye gaze toward the
broader area of the instructor’s face and not specifically their eyes. Autistic indi-
viduals have reported that eye contact can be particularly aversive to them (Trevisan
et al., 2017) while emerging neural evidence further supports those reports (Stuart
et al., 2023). Therefore, it was considered essential that instruction be provided in a
way that respects participants’ neurodiversity.

Limitations and Strengths

This study had a series of limitations. As previously noted, participants exhib-
ited emergent application of component skills during the final baseline session
of the composite skill. While this finding is promising and suggests benefits
from practicing component skills, it also poses challenges for demonstrating
experimental control. Specifically, all participants demonstrated improvements in
their final baseline session, making it difficult to conclusively attribute further
improvements demonstrated solely to the intervention. Moreover, the interven-
tion provided was multi-component, making it hard to determine whether certain
elements had a greater or lesser impact. Although this applies to the inclusion
of PT, as already discussed, readers should note that PT was never meant to be a
system used in isolation (Kubina & Yurich, 2012). Furthermore, we did not meas-
ure ancillary behaviors that the training could have affected, such as spontaneous
speech or social-communicative behaviors. What is more, although we attempted
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to cover all essential component skills, there could be additional skills we could
have targeted, such as responding vocally to a bid for joint attention. In addition,
we only targeted RJA and not IJA. To offer comprehensive training in joint atten-
tion, both repertoires should be trained. Finally, we assessed the participants’
ability to engage in RJA in the presence of distracting stimuli. This assessment
is considered essential in PT as it links to the by-products of fluency (Fabrizio &
Moors, 2003). In hindsight, this assessment could have been delivered differently
as RJA involves the presentation of stimuli that would attract one’s attention,
making it hard for participants to discriminate which ones they should respond to
and which ones they should ignore.

Despite the limitations, the study also had various strengths, such as the use of a
concurrent multiple baseline for all skills, the random allocation of participants to
each tier of intervention, the inclusion of typically developing peers to guide perfor-
mance criteria, the monitoring of procedural fidelity and inter-observer agreement,
along with the encouraging and positive improvements for all participants.

Future Directions

Despite the encouraging results, more research is required on how PT could help
provide a more nuanced understanding of RJA and related skills. For example, addi-
tional data on celeration could uncover an optimal learning rate when training RJA.
That way, it would be possible to more precisely evaluate whether the interventions
offered produce adequate improvements for participants across time. We also sug-
gest future research addresses some of the limitations highlighted in this paper. For
example, we recommend conducting additional baseline sessions once the compo-
nent skills practice has been concluded to allow for a more robust demonstration
of experimental control. Similarly, we recommend that future replications include
continuous measures of IJA as it would be interesting to examine whether RJA train-
ing would lead to improvements to IJA without direct training. Also, it would be
valuable to replicate these results with students of different ages and overall abilities.
Finally, it would be worth exploring PT’s application more in other skill areas, such
as verbal behavior, self-management, and school readiness skills, to name a few.
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