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Abstract

-R. Douglas Greer' - Sydney S. Henderson'

We conducted a systematic replication of Kodak et al.’s Journal of Applied Behavior Analysis, 53(1), 265-283 (2020) and
Vladescu et al.’s Behavior Analysis in Practice, 14(1), 193—197 (2021) experiments on the effects of stimulus set sizes on
skill acquisition. The researchers manipulated the stimulus set sizes by teaching 3, 6, and 12 sight words simultaneously dur-
ing learn unit instruction. Researchers taught participants until the participant’s responding reached the acquisition criterion
for 12 different sight words per set size condition. The acquisition criterion was set for an individual operant, whereby when
accuracy met criterion for a single sight word, that sight word was replaced in the following session. The results showed
that the set-size-3 was more efficient in producing criterion-level responding during acquisition than the set-size-6, and -12,
which was consistent with Vladescu et al.’s findings. However, the set-size-12 reliably produced the highest maintenance
levels for all participants. The definition of “effectiveness” based on acquisition or maintenance was discussed.

Keywords Learn unit instruction - Stimulus set sizes - Operant analysis acquisition criteria - Skill acquisition

Children with learning disabilities require explicit and
intensive academic interventions (National Autism Center,
2015). In special education settings, it is common for teach-
ers to break down long-term objectives into several short-
term objectives that drive what single sessions of teaching
entail. For example, a long-term objective may be for a
child to learn 12 color names at 90% accuracy or higher.
From this long-term objective, the teacher may decide on
four short-term objectives of learning three specific color
names at 90% accuracy or higher. Stimulus set size refers to
the number of stimuli (e.g., three color names) that teachers
and therapists need to teach simultaneously in an instruc-
tional/therapy session (Kodak et al., 2020). Past research on
skill acquisition has varied widely regarding the selection
of stimulus set sizes, ranging from one to 15 stimuli per
session, without providing the rationale for the selection of
a stimulus set (Haq et al., 2015; Kodak et al., 2020; Leaf &
McEachin, 1999; Lovaas, 2003; Maurice et al., 2001; Yaw
et al., 2014). Several curricular manuals for children with
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disabilities recommended including at least three targets in a
stimulus set when learning listener and speaker responses to
decrease the probability of the establishment of faulty stimu-
lus control (Greer & Ross, 2008; Greer et al., 2020; Grow &
LeBlanc, 2013; LaMarca & LaMarca, 2018; MacDonald &
Langer, 2018). However, few researchers have compared the
effects of stimulus set size on skill acquisition (Kodak et al.,
2020; Vladescu et al., 2021) and research on this variable is
important as this variable is included in all skill acquisition
studies, regardless of whether one attends to this fact.
Kodak et al. (2020) conducted the first empirical com-
parison of different stimulus set sizes in the discrete trial
instruction (DTT). DTT involves small units of three-term
contingencies, including the discriminative stimuli, prompts
(as necessary), student responses, contingent consequences,
and intertrial intervals (Smith, 2001). Kodak et al. taught 12
tacts in each of four stimulus set size conditions: teaching 3,
4, 6, and 12 stimuli simultaneously until 12 total tacts met
the acquisition criterion. Participants included three children
(3- to 6-year-old males) and one adolescent (15-year-old
male) diagnosed with ASD. Each instructional session con-
sisted of 12 trials, including four presentations per stimulus
in the set-size-3 condition, three presentations the set-size-4
condition, two presentations the set-size-6 condition, and
one presentation the set-size-12 condition. The acquisition
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criterion was set at 100% of trials with independent correct
responses across two consecutive sessions. With set sizes
of three, four, and six stimuli, meeting criterion with a set
signaled moving on to the next set until 12 total tacts met
the acquisition criterion. The results showed that all par-
ticipants required fewer trials and shorter durations to meet
the criterion for the tacts assigned to the larger stimulus set
sizes (6- and 12- stimuli) compared to the smaller set sizes
(3- and 4- stimuli).

Kodak et al. (2020) demonstrated that this overlooked
variable affected the speed of acquisition. Nevertheless, the
results may have been influenced by the implementation
of the same acquisition criterion across different set sizes.
For example, participants needed to emit eight consecutive
independent correct responses per stimulus to meet criterion
in the set-size-three condition (to respond with 100% accu-
racy across two consecutive sessions), whereas they needed
to emit two consecutive independent correct responses per
stimulus in the set-size-12 condition. Thus, the number of
independent correct responses required to meet the criterion
decreased as the stimulus set size increased (Vladescu et al.,
2021). In addition, because the researchers did not control
the number of presentations per stimulus in each session, the
results might be due to the unnecessary trials for the smaller
set sizes and in turn failed to provide an accurate measure-
ment on the effectiveness of different stimulus sizes.

Vladescu et al. (2021) conducted a systematic replication
of Kodak et al. (2020) with two adolescents with ASD and
extended the literature by controlling the number of inde-
pendent correct responses required to meet criterion across
the set-size-3, -6, and -12 conditions during tact training. In
other words, the acquisition criterion was condition-specific
according to the difference in the number of presentations
per stimulus in an instructional session across the three
conditions. In particular, the acquisition criteria were set at
100% independent correct responses for one session in the
set-size-three condition, for two consecutive sessions in the
set-size-6 condition, and for four consecutive sessions in the
set-size-12 condition. The results showed that the smaller
stimulus set sizes (3- and 6- stimuli) were more efficient
than the large set size (12-stimuli) on tact acquisition for
both participants, with set size of 3 stimuli produced the
fastest tact acquisition for one participant and set size of 6
stimuli for the other. The results contrasted with the find-
ings of Kodak et al.’s regarding the efficiency of the small
(3-stimuli) and large (12-stimuli) stimulus set sizes in skill
acquisition. Although Vladescu et al. controlled the number
of independent correct responses required to mastery across
different conditions by using condition-specific acquisition
criteria, the design did not control the number of presenta-
tions per stimulus within a session, such that the number of
presentations per stimulus within a session decreased as the
set size increased. For example, each session included four

presentations per stimulus in the set-size-3 condition but
only one presentation per stimulus in the set-size-12 condi-
tion. Thus, the higher number of presentations per stimulus
per session might lead to the faster acquisition rate in the
set-size-3 and -6 conditions than the -12 condition.

Because the studies of Kodak et al. (2020) and Vladescu
et al. (2021) demonstrated different results, the purpose
of this research was to conduct a systematic replication of
Kodak et al.’s and Vladescu et al.’s with further experimen-
tal control on the number of presentations per stimulus in
each session on skill acquisition. The researchers manipu-
lated the stimulus set-size-3, -6, and -12 during learn unit
instruction,! a type of DTIL. Each of the three conditions
included learning a total of 12 sight words while simultane-
ously teaching 3 stimuli per session, 6 stimuli per session,
and 12 stimuli per session, respectively. Each stimulus was
presented three times in each instructional session for ses-
sion lengths of 9, 18, and 36 trials, respectively.

In addition, we implemented an operant analysis (OA)
acquisition criterion (Cordeiro et al., 2022; Kim et al., 2023;
Wong et al., 2022; Wong & Fienup, 2022) that targeted the
acquisition mastery of individual operants instead of set-
based acquisition criteria as used by Kodak et al. (2020) and
Vladescu et al. (2021). Most studies focusing on skill acqui-
sition implemented set-based analysis in which research-
ers randomized blocks of trials that consisted of multiple
operants and presentations of each antecedent (Wong et al.,
2022) and evaluate acquisition criteria based on the percent-
age of trials with independent correct responses across all
responses emitted in a session (Grow et al., 2011, 2014;
Grow & Van der Hijde, 2017). Thus, the instruction effi-
ciency might be affected if a student acquired an operant
much slower than the remaining operants in a set (for an
explanation, see Wong et al., 2022). For example, in teaching
a total of 12 tacts, researchers needed to deliver four stimu-
lus sets in the set-size-3 condition in comparison with one
stimulus set in the set-size-12 condition. Because the total
number of stimulus sets increased as the set size decreased,
the influence of set-based acquisition criterion on the
instruction efficiency was more evident for the smaller set
sizes than the bigger set size. The use of OA addressed this
problem by setting acquisition criterion per operant, inde-
pendent of the learning rates of other operants in the same
set. If the student learned one operant much slower than the
other operants in a set, we would substitute novel targets for
the mastered operants while maintaining the nonmastered

! Learn unit instruction interlocks three-term contingencies for both
student and teacher. The student’s observing responses are discrimi-
native stimuli (SDs) for a teacher to provide antecedents and the stu-
dent’s responses are SDs for a teacher to deliver contingent conse-
quences (Albers & Greer, 1991).
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operant in an instruction session, without interfering the
instruction efficiency.

The goal of this research was to further examine the
effects of stimulus set size on the acquisition and mainte-
nance of speaker responses, with the use of operant analy-
sis (OA) acquisition criterion (Wong et al., 2022; Wong &
Fienup, 2022). In OA, when responding to a single operant
meets or exceeds the criterion, that operant is considered
“mastered” and is replaced in the following session with
a new operant. Because previous studies solely involved
participants with ASD, we extended past findings for pre-
schoolers with and without disabilities. The results will help
teachers and therapists effectively facilitate students’ learn-
ing and making scientifically based decisions regarding the
learning goals.

Method
Participants

Three preschoolers, ranging in age from 3- to 4-years old
participated in the study. Two participants were education-
ally classified as a preschooler with a developmental delay;
one participant had no diagnoses. The three participants
attended a suburban full-time publicly funded preschool for
students with and without disabilities. The classroom staff
implemented the Comprehensive Application of Behavior
Analysis to Schooling (CABAS) model of instruction. Indie
was a 4-year-old Black female with developmental delays,
who was able to follow two-step vocal directions with 100%
accuracy, echo phrases of up to five words with 100% accu-
racy, emit independent mands and tacts using full sentences
with 100% accuracy, and verbally respond to questions using
full sentences with 100% accuracy. She textually responded
to the lower case and uppercase letter names and sounds
with 70% accuracy at the onset of the study. Indie received
behavioral analytic and speech services for the past 2 years.
Kevin was a 4-year-old white male with developmental
delays. He was able to follow two-step vocal directions with
100% accuracy, echo phrases of up to five words with 100%
accuracy, emit independent mands and tacts using full sen-
tences with 100% accuracy, and verbally respond to ques-
tions using full sentences with 80% accuracy. Prior to the
onset of the study, Kevin textually responded to the lower
case and uppercase letter names and sounds with 70% accu-
racy. He received behavioral analytic services for the past
2 years. Nathan was a 3-year-old white typically develop-
ing male, who was able to follow two-step vocal directions,
echo phrases of up to five words, emit independent mands
and tacts using full sentences, all with 100% accuracy. He
verbally responded to questions using full sentences with
70% accuracy. Nathan textually responded to the lower case

and uppercase letter names and sounds with 80% accuracy
prior to the onset of the study.

The participants were selected according to the follow-
ing inclusion criteria: (1) was able to sit appropriately in
the chair (i.e., bottom in the chair and feet on the ground)
without emitting any problem behaviors and attend to the
instruction for at least 5 min; (2) had an instructional history
of learning listener (e.g., pointing) and speaker responses
(e.g., tacts) involving set sizes of three, four, and five stimuli
in the learn unit instruction; (3) had mastered prerequisite
repertoires for learning sight words such as imitating gross
motor actions, orienting to and observing two dimensional
stimuli, and echoing with point-to-point accuracy; (4) no
sight word instructional history; (5) sight words as learn-
ing goals according to the Early Learner Curriculum and
Achievement Record: A CABAS Developmental Inventory
(Greer et al., 2020); and (6) teachers’ praise functioned as
a conditioned reinforcer. The participants’ repertoires were
assessed using the Early Learner Curriculum and Achieve-
ment Record: A CABAS Developmental Inventory (Greer
et al., 2020) within 14 days at the onset of the study. Detailed
information regarding the participants’ verbal behavior
development is outlined in Table 1.

Interventionists

The primary researcher was the classroom head teacher who
was a second year PhD student in applied behavior analysis,
held certification as a board certified behavior analyst, and
dual certifications in special and general education. In addi-
tion, a first-year master’s student in applied behavior analysis
who was a teaching assistant in the respective classroom
served as an independent observer to collect data for inter-
observer agreement.

Setting and Materials

Data were collected in the participant’s respective class-
room. The classroom consisted of seven students, includ-
ing two typically developing students and five students with
developmental delays, one teacher, and one teaching assis-
tant. The teacher or teaching assistant delivered instruction
to non-participant students in 1:1 or small group settings
while the researchers conducted the study. We measured all
instructional responses during the daily instruction (includ-
ing this experiment) with frequent interobserver agreement
checks and rating of teacher accuracy of implementing
instruction using the Teacher Performance Rate and Accu-
racy (Ingham & Greer, 1992) assessment tool.

The classroom contained a play area, four small group
stations, and a large rectangular communal table. The
researcher and the participant sat across the head of the com-
munal table during the instruction sessions and the probe
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Table.2 List of si.ght words Number Set1 Set2 Set3

used in the experiment
1 am egg my
2 eat more  all
3 find no this
4 they time now
5 us are to
6 toy first  get
7 go one  of
8 box use big
9 on book part
10 pig if sit
11 said  were what
12 when she car

The words were selected ran-
domly from Think Tank Sight
Words Flash Cards (Pre-K)

Table 3 The assignment of the sets of sight words to conditions of
set-size-3, -6, and -12 for each participant

Conditions Indie Kevin Nathan
Set-size-3 Set 1 Set 3 Set 2
Set-size-6 Set 2 Set 1 Set 3
Set-size-12 Set 3 Set 2 Set 1

Set-size-three represents the condition with three target words per
session, Set-size-6 represents 6 target words per session, and Set-
size-12 represents 12 target words per session

sessions for maintenance skills. The researcher used Pow-
erPoint to present the sight words during the pre- and pos-
tinstruction probes and during instruction. Each sight word
was displayed in three different fonts (Abadi, Calibri Light,
Courier) randomized with three different colors (black, blue,
red) in 130-point font. A laptop, data collection sheets, a
timer, and pens with black ink were used in the procedure.
The sets of sight words used in the learning process and
probe sessions for each participant are listed in Table 2. The
details regarding the assignment of the sets of stimuli to each
condition are listed in Table 3.

Measurement

We measured four dependent variables in the learning of
novel sight words for each participant. A correct response
in a trial was defined as the participant’s tacting the word
accurately within 5 s of the presentation of the antecedent
visual stimulus. An incorrect response in a trial was defined
as the participant’s emitting the word inaccurately or not
responding within 5 s of the presentation of the word. Con-
sidering that the acquisition mastery criterion was set for
an individual word (Wong et al., 2022; Wong & Fienup,

2022) and the number of instructional trials per session was
different across conditions, we evaluated the participants’
performance by calculating the cumulative number of targets
mastered with respect to the cumulative trials in an instruc-
tional session. The cumulative words mastered in a session
was calculated by adding the number of words mastered in
the current session with the total number of words mastered
in the previous sessions. The cumulative trials delivered in
a session was calculated by multiplying the total number
of sessions delivered (including the current session) by the
respective number of trials per session in each condition
(i.e., 9 trials in the set-size-3 condition, 18 trials in the set-
size-6 condition, and 36 trials in the set-size-12 condition).

The second dependent variable was the total number of
adjusted and unadjusted instructional trials required by the
participant to meet criteria for all the 12 words in each con-
dition. When there was no new word to replace the mastered
words in a condition, the words mastered in the previous ses-
sions were delivered with nonmastered words in an instruc-
tional session. This would happen throughout the instruc-
tion in the set-size-12 condition and after the participants
had mastered 10 words in the set-size-3 condition and seven
words in the set-size-6 condition. Thus, we adjusted the total
number of trials required to master 12 words across condi-
tions by excluding the trials delivered to the words that were
mastered in the previous sessions.

We also measured the adjusted and unadjusted total dura-
tion required by the participant to meet the mastery criterion
for the 12 sight words in each of the three conditions. The
duration of a session was measured as the time elapsed from
the presentation of the first word until the end of the con-
sequence of the last learning opportunity (i.e., the delivery
of praise following the correct response and correction fol-
lowing the incorrect response). The unadjusted total dura-
tion was calculated by adding the duration of all sessions
until the mastery of 12 words. We adjusted the total dura-
tion in proportion to the adjusted total trials, such that we
divided the adjusted total number of trials by the unadjusted
total number of trials and multiplied by the unadjusted total
duration. In addition, maintenance probes were conducted
to measure the number of correct responses in each condi-
tion every 10 days for up to 30 days following the mastery
of a word. During maintenance, the correct and incorrect
responses were recorded in the same manner as during
acquisition.

Independent Variable

We compared the participants’ skill acquisition and main-
tenance with different stimulus set sizes in the learn unit
instruction. The researchers praised correct responses and
implemented a correction procedure contingent on incor-
rect responses following the antecedent instructions. The
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correction procedure involved the researcher modeling the
correct response and re-delivering the antecedent and allow-
ing the participant the opportunity to independently respond
two times. Each of the three conditions included a total of
12 sight words with simultaneous teaching of 3 stimuli per
session (set-size-3), 6 stimuli per session (set-size-6), and
12 stimuli per session (set-size-12). Each stimulus was pre-
sented three times in each instructional session, resulting in
9, 18, and 36 trial sessions per condition, respectively.

Experimental Design

We used an adapted alternating treatment design (Sinde-
lar et al., 1985) to investigate the effects of stimulus set
sizes on skill acquisition and maintenance. The researchers
counterbalanced the assignment of stimulus sets to the three
conditions across the participants, such that all participants
had different stimuli sets in each condition (see Table 3).
In addition, the auditory and visual characteristics of the
words were controlled in each set, such that none of the
words in a set shared the same first syllable, rhyming with
each other, or looked similar (Cariveau et al., 2022). We
selected 36 novel one-syllable sight words and randomly
assigned them to three stimuli sets. We counterbalanced
the daily order of instruction conditions across the three
participants and within each participant to decrease the
possibilities of sequence and carry-over effects through
this procedure for individual participants. The participants
engaged in a different activity (e.g., free play, coloring, and
writing letters) for at least 10 min between any two instruc-
tional sessions. One to three instructional sessions for each
set size condition was conducted for all participants per day,
all before lunch.

Procedure

The procedure was presented in the following order: (1)
Probe the number of correct responses for the three sets of
sight words; (2) start the instruction across the three con-
ditions; and (3) probe the number of correct responses to
the mastered words in the maintenance assessment every 10
days for up to 30 days.

Preexperimental Probes to Identify Target Stimuli

We randomly selected 36 words from the Think Tank Sight
Words Flash Cards (Pre-K). The Think Tank Sight Words
(Pre-K) included 104 flash cards of most common words
used in books for preschoolers. Prior to the experiment, we
randomly assigned the words to three stimulus sets: if a word
shared the same first syllable, rhyming with, or looked simi-
lar with another word in a set, we took the flash card of the
word out and randomly pick another flash card in the pool

until no word in a set shared similar auditory and visual
characteristics (see Experimental Design section above).
Then we conducted probes to identify the sight words not
in the participant’s repertoire. The researcher sat across the
participant at a rectangular table and presented the words in
PowerPoint on a laptop. Each probe session included one
presentation of each word for a total of 12 trials. We pre-
sented each stimulus to the participant and waited up to 5 s
for the participant’s response and moved on to next stimulus.
No consequences were delivered following correct or incor-
rect responses. A word was included if no correct response
was emitted during this probe. If the participant emitted
a correct response to a word, the word was replaced with
another word and the replacement word was then tested.

Baseline

After identifying stimuli that were not in a participant’s rep-
ertoire and assigning words to sets of stimuli, we conducted
three sessions for each stimulus set. The procedure was the
same as that of preinstruction probes.

General Instructional Procedures

The researcher sat across the participant at a rectangular
table and presented the sight words on a laptop. We imple-
mented learn unit instruction during acquisition, which
consists of three components: presentation of antecedent
while the participant is attending, an opportunity for the
participant to respond, and the delivery of contingent conse-
quences. The researcher recorded the occurrences of correct
and incorrect responses as well as session duration. In each
session, three variations of the words that corresponded to
the antecedent stimulus (different fonts and colors of a word)
were rotated in a random order. The researcher presented
antecedent stimuli (e.g., sight word “book’), vocally praised
correct responses, and implemented a correction procedure
for incorrect responses. For the correction procedure: (1) the
researcher modeled the correct response; (2) removed and
represented the antecedent; (3) and the participant had an
opportunity to independently respond. The correction pro-
cedure was presented two times regardless the participant’s
response. The correct responses (prompted and independ-
ent correct responses) emitted by the participant during the
correction procedure were unconsequated. The acquisition
criterion was set at 100% accuracy for a single word in one
session. The detailed instruction procedure is outlined in
Fig. 1.

Set-size-3 Each session consisted of nine trials, including
three presentations for each of the three words. If the par-
ticipant met the acquisition criterion for a word in a session,
the researchers replaced this word with a novel word in the
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Fig. 1 The general procedure of
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corresponding word set. We continued this process until the
participants mastered the assigned 12 words.

Set-size-6 This condition was identical to the set-size-3 con-
dition except that each session consisted of 18 trials, includ-
ing three presentations for each of the six words.

Set-size-12 This condition was the same as set-size-3 except
that each session consisted of 36 trials, including three
presentations for each of the 12 words. Because each ses-
sion simultaneously taught all words in the set, there was
no replacement of word that met the acquisition criterion.
Rather, we continued teaching all 12 words simultaneously
until accuracy on all 12 words met the acquisition criterion.

Maintenance Probes

The researchers conducted maintenance probes every 10
days for up to 30 days following the mastery of a word—rel-
ative to the specific date when a word was mastered. Because
we applied acquisition criteria to individual operants, this
meant that “sets” of words were not presented as was during
baseline. Rather, as an operant met the acquisition criterion,
that operant was assessed for maintenance 10 days later and
30 days later from the exact date. The rest of the proce-
dure was identical to baseline. The researchers controlled
the exposures to the mastered words for all participants
throughout the maintenance probes in the school settings,
such that none of the mastered words were presented in the

instructional and noninstructional sessions outside of the
maintenance probes.

Interobserver Agreement and Procedural Fidelity

An observer simultaneously and independently collected
data on students’ responses in a session while the researcher
conducted the experiment. The trial-by-trial correspondence
was compared at the end of each session. Interobserver
agreement was calculated by comparing each individual
trial to determine if each trial was scored the same. The
researcher divided the number of agreed trials by the total
number of trials then multiplied by 100%. The independent
observer collected data for 100% of the target identification
and baseline sessions, 36.9% of the instructional sessions
(35.6% sessions for Indie, 37.7% sessions for Kevin, and
37.8% for Nathan), and 84.9% of maintenance sessions (69%
sessions for Indie, 86% sessions for Kevin, and 100% ses-
sions for Nathan), all with a arithmetic mean agreement of
100%.

Procedural integrity was collected and measured using
the Teacher Performance Rate and Accuracy form (Ingham
& Greer, 1992). A supervisor observed the sessions and col-
lected data on the extent of the researcher’s adherence to the
experiment procedure in each trial of a session. The supervi-
sor measured the accuracy of three components in each trial:
(1) the researcher’s presenting antecedents; (2) recording data;
and (3) delivering contingent consequences following the
participant’s responses. A trial was scored as incorrect if the
researcher incorrectly implemented one or more components
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Fig.2 The cumulative sight words mastered during the baseline,
acquisition, and maintenance for all participants. Note. Each interval
during the phase of acquisition on the x-axis represents 9 trials. Each

in the trial. The researcher calculated procedural integrity by
dividing the number of correct trials by the total number of
trials and multiplied by 100%. The supervisor collected data
for 100% of baseline, 34.1% of instructional sessions (32.9%
sessions for Indie, 33.9% sessions for Kevin, and 35.4% for
Nathan), and 74.6% of maintenance sessions (45% sessions for
Indie, 86% sessions for Kevin, and 100% sessions for Nathan),
all with procedural integrity of 100%.

Results

Prior to teaching tacts to sight words, the researcher con-
ducted the baseline probe for each set of stimuli with each
participant. The baseline data remained stable at O correct

Days

dot represents the cumulative number of words mastered per number
of trials delivered

responses for all participants across three sessions (left pan-
els, Fig. 2). The middle panels of Fig. 2 display the cumula-
tive number of sight words mastered by the participants with
respect to the number of trials administered during acquisi-
tion. The right side of Fig. 2 displays the number of correct
responses during maintenance probes. All participants suc-
cessfully mastered the 12 sight words assigned to the con-
ditions of set-size-3, -6, and -12. During acquisition, Indie
met the acquisition criterion (100% accuracy per operant in
one session) for all set-size-3 words in 261 trials (top panel,
Fig. 2). She required a total of 360 trials (37.8% more trials)
in the set-size-6 condition and 804 trials (231.0% more tri-
als) in the set-size-12 condition. Indie responded with 0/12
accuracy in the set-size-3 condition, 4/12 in the set-size-6
condition, and 9/12 in the set-size-12 condition, at 30 days
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Fig.3 Adjusted and Unadjusted Total Number of Trials and Total
Duration Required to Meet the Acquisition Criterion. Note. The
adjusted total number of trials was calculated by excluding the trials
delivered to the words that were mastered in the previous sessions.

following mastery. Kevin met the acquisition criterion for
all set-size-3 words in 198 trials. He required a total of 342
trials (72.7% more trials) in the set-size-6 condition and
756 trials (281.8% more trials) in the set-size-12 condition.
Due to the impact of school closings due to the COVID-
19 pandemic, we only collected maintenance data for up
to 10 days for Kevin. He responded with 9/12 accuracy in
the set-size-3 and -6 conditions and 12/12 accuracy in the
set-size-12 condition. Nathan met the acquisition criterion
for all set-size-3 words in 261 trials. He required a total of
522 trials (100.0% more trials) in the set-size-6 condition
and 864 trials (231.0% more trials) in the set-size-12 con-
dition. During maintenance, Nathan responded with 2/12
accuracy in the set-size-3 condition, 6/12 in the set-size-6
condition, and 9/12 in the set-size-12 condition, at 30 days

The adjusted total duration was calculated by dividing the adjusted
total number of trials by the unadjusted total and multiplying by the
unadjusted total duration

following mastery. Overall, all participants required fewer
trials to master all words in the set-size-3 condition than
in the set-size-6 and -12 conditions. However, the highest
maintenance outcomes were reliably observed during the
set size 12 condition for all participants.

Figure 3 shows the adjusted and unadjusted total number
of instructional trials and total minutes required until mas-
tery during acquisition for all participants. As mentioned
above, adjustments were made that removed trials and
time allocated to previously mastered sight words during
the acquisition phase. Prior to adjustment, all participants
required the fewest trials and minutes to master the sight
words assigned to the set-size-3 condition followed by the
set-size-6 and -12 conditions. After adjustment, the total
number of trials and total duration required to master the
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12 sight words decreased across all conditions for all par-
ticipants, especially for the set-size-12 condition followed
by the set-size-6 and -3 conditions. Nevertheless, the set-
size-3 condition consistently produced the fastest acquisi-
tion of 12 sight words for all participants, prior to and post
adjustment. Except for Kevin, all participants required fewer
trials and the same or fewer minutes until mastery in the set-
size-6 condition than the set-size-12 condition after adjust-
ing the total trials and duration. Post adjustment, Indie met
the acquisition criterion for 12 sight words with 213 trials
and 29.2 min in the set-size-3 condition (top panels, Fig. 3).
She required 90 additional trials (42.3% more trials) and
12.1 more min (41.4% more min) in the set-size-6 condi-
tion and 204 additional trials (95.8% more trials) and 16.2
more min (55.5% more min) in the set-size-12 condition
(top left panel, Fig. 3). Kevin met the acquisition criterion
for 12 sight words with 186 trials and 29.6 min in the set-
size-3 condition (middle panels, Fig. 3). He required 111
additional trials (59.7% more trials) and 20.1 more min
(67.9% more min) in the set-size-6 condition and 93 addi-
tional trials (50.0% more trials) and 2.4 more min (8.1%
more min) in the set-size-12 condition. Unlike in Fig. 2,
after adjustment Kevin met the acquisition criterion with
18 fewer trials (6.1% fewer trials) and 17.7 fewer min (35.6%
fewer min) in the set-size-12 condition than in the set-size-6
condition. Nathan met the acquisition criterion for 12 sight
words with 249 trials and 44.5 min in the set-size-3 condi-
tion (bottom panels, Fig. 3). He required 162 additional trials
(65.1% more trials) in the set-size-6 condition and 201 addi-
tional trials (80.7% more trials) in the set-size-12 condition.
Nathan required 22.3 more min (50.1% more min) in the
set-size-6 and -12 conditions. Overall, after adjustment all
participants learned the targets with an average of 121 more
trials (56.0% more trials) and 18.2 more min (52.8% more
min) in the set-size-6 condition and with 166 more trials
(76.9% more trials) and 13.6 more min (39.6% more min) in
the set-size-12 condition than in the set-size-3 condition (M
total trials = 216, M total duration = 34.4 min).

Discussion

This study systematically replicated the set size manipula-
tions conducted by Kodak et al. (2020) and Vladescu et al.
(2021) research with operant analysis (OA) acquisition cri-
terion (Cordeiro et al., 2022; Wong et al., 2022; Wong &
Fienup, 2022). The results showed that the set-size-3 con-
dition was consistently more efficient than the set-size-12
in terms of acquiring new operants prior to and post the
adjustment of the instructional trials and duration, which
is consistent with Vladescu et al.’s findings. Based on the
acquisition data alone, our results contrasted with Kodak
et al.’s findings that the larger set-size-twelve was more

efficient than the small set-size-three in skill acquisition.
Furthermore, whereas Kodak et al. found no differences on
the number of independent correct responses across differ-
ent set sizes at 2 weeks following the mastery, our results
showed that the set-size-12 condition reliably produced the
best maintenance levels throughout the maintenance probes
for all participants. Indie and Nathan responded with an
average of 75% accuracy in the set-size-12 condition at 30
days following the instruction, followed by an average of
42% and 8% accuracy in the set-size-6 and -3 conditions,
respectively. Kevin responded with 92% accuracy in the set-
size-12 condition and 75% accuracy in the set-size-6 and
-3 conditions at 10 days following mastery. The opposing
acquisition and maintenance results for small set-size (e.g.,
three stimuli) and large set-size (e.g., 12 stimuli) in current
study suggest one might choose set sizes based on different
instruction goals. Although further verification needed, the
results of this study suggest that if the goal is on the rate of
skill acquisition, the small set size (e.g., 3 stimuli) might be
more efficacious (Ghaemmaghami et al., 2021); if the goal
is on the level of skill maintenance, the larger set size (e.g.,
12 stimuli) might be more effective.

Several curricular manuals on skill acquisition for chil-
dren with disabilities recommended including at least three
stimuli in a stimulus set on learning listener and speaker
responses (Greer & Ross, 2008; Greer et al., 2020; Grow &
LeBlanc, 2013; LaMarca & LaMarca, 2018; MacDonald &
Langer, 2018). The involvement of multiple stimuli in a set
may help promote the development of stimulus control by
the essential characteristics of a stimulus. The results in this
study extended past findings and identified that the set-size-3
was more efficient than the larger set size-6 and -12 on learn-
ing speaker responses. However, the maintenance outcomes
question whether efficiency of initial acquisition should be
the comparison researchers make (Wolery et al., 1991). A
core goal of applied behavior analysis is to produce durable
behavior change (Baer et al., 1968) and the data reported
in this study demonstrated that efficacy and efficiency dur-
ing acquisition phases did not necessarily correlate with the
durability of responding (maintenance assessments). Simi-
lar outcomes have been demonstrated in studied evaluating
acquisition performance criteria. For example, Fuller and
Fienup (2018) taught children academic responses until
performance was 50%, 80%, or 90% accurate or higher and
found (1) children took longer to meet acquisition criterion
at higher levels; and (2) only higher acquisition criteria
were associated with high levels of behavior 3 to 4 weeks
after teaching. Thus, we suggest researchers and clinicians
focus on terminal goals (i.e., maintenance, generalization)
for determining efficacy and only comparing efficiency for
those procedures that produce intended outcomes.

Most researchers focusing on skill acquisition adminis-
tered set-based acquisition criterion, such that the acquisition
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mastery was evaluated by the percentage of independent
correct responses across all responding opportunities to the
operants in a blocked set (Grow et al., 2011, 2014; Grow &
Van der Hijde, 2017). Kodak et al. (2020) administered a
consistent set-based acquisition criterion across different set
sizes. Vladescu et al. (2021) further equated the number of
independent correct responses required until mastery across
different set sizes through the implementation of condition-
specific set-based acquisition criteria. Nevertheless, the
mastery for acquisition with set-based analysis relied on the
acquisition rate of the slowest operant in a set (Wong et al.,
2022). Controlling for the total stimuli to acquire, the imple-
mentation of set-based acquisition criterion might affect the
instruction efficiency. We controlled the influences on the
instruction efficiency from the operants in a set with the
use of OA acquisition criterion (Wong et al., 2022; Wong
& Fienup, 2022) that targeted the acquisition mastery of
individual operant.

We also extended past research by equating the number
of presentations per stimulus in a session across different
conditions with OA acquisition criterion. Kodak et al.’s
(2020) and Vladescu et al.’s (2021) studies involved differ-
ent numbers of presentations per stimulus in an instructional
session across different set sizes (e.g., four presentations per
stimulus in the set-size-3 condition and one prestation per
stimulus in the set-size-12 condition), in which the number
of presentations per stimulus decreased as the stimulus set
size increased. The higher efficiency of the bigger stimulus
set sizes might be due to the more trials for the mastered
words in the smaller set sizes. Such overestimation on the
total number of trials required to master the smaller set sizes
might be more evident in Kodak et al.’s study because of the
implementation of the same set-based acquisition criterion
across different set sizes (see explanation in the previous
paragraph). The fastest acquisition rate of set-size-3 for all
participants in current study confirmed the aforementioned
concerns.

This experiment was limited in a few aspects. First, due
to the COVID-19 pandemic, we only collected maintenance
data for up to 10 days for Kevin. It would help verify the
higher levels of correct responding during maintenance in
the set-size-6 and -12 conditions than the set-size-3 condi-
tion with more data. Second, we did not replicate the proce-
dures with novel sets of sight words for participants (intras-
ubject replication). Although all participants acquired the
sight words in the set-size-3 condition with fewer number
of trials and shorter duration than in the set-size-6 and -12
conditions (intersubject replication), it would help increase
the reliability of the results with designs that allows a within
stimulus replication (e.g., a concurrent multiple baseline
design across stimulus sets). Because we used a static set of
12 words in each condition, the participants were exposed to
all the 12 words throughout the instruction in the set-size-12

condition because there was no word to replace the mastered
words. Thus, the higher maintenance level in the set-size-12
condition may be a result of the more overlearning trials
(i.e., additional practice of a skill after reaching the acquisi-
tion mastery criterion; see Dougherty & Johnston, 1996) to
the 12 words in the instruction. That is, during the set-size-3
and -6 conditions, once a word was mastered, it was removed
from teaching until there was no new word to replace the
mastered word; however, with the set-size-12 it continued
to be part of instruction until all 12 words were mastered.
Continued analysis with further control on the overlearn-
ing trials per stimulus across conditions (e.g., continue to
replace the mastered words with new words in all condi-
tions) would help verify the higher maintenance levels in
the size of 12 condition.

The outcomes of current study suggest several areas
for future research. Because previous and current stud-
ies focused on the effects of stimulus set sizes for speaker
responses (e.g., tact), the generality of the results to multiple
instruction programs requiring different responding topog-
raphies (e.g., listener responses) needed further verification.
Future research may also replicate the procedure with more
participants with different ages and language development
levels. Considering the influence of the more overlearning
trials per stimulus in the set-size-twelve condition on the
maintenance levels, future researchers may involve dynamic
sets of stimuli across different set sizes with OA acquisition
criteria, such that the mastered stimulus will be replaced
with a novel stimulus until the participant masters all the
predetermined stimuli in a set. The results would help verify
the higher maintenance levels in the set-size-12 condition. In
addition, the results reported herein suggested measuring the
“effectiveness” of different instruction procedures according
to the corresponding effects on the maintenance levels rather
than the acquisition rates as commonly used in the research
on skill acquisition. Although all participants acquired the
sight words fastest in the set-size-3 condition, the mainte-
nance level was the lowest (0% accuracy for Indie and 17%
accuracy for Nathan) in the set-size-3 condition at 30 days
following the mastery. In contrast, although all participants
required more trials and longer duration to master the targets
in the set-size-"1 condition than the set-size-3, they demon-
strated much higher levels of accuracy in the maintenance
probes: 75% accuracy at 30 days following mastery for Indie
and Nathan; 92% accuracy at 10 days for Kevin. Consider-
ing the opposite results between the skill acquisition and
maintenance for small and large stimulus set sizes, we sug-
gested future research to further discuss the definition of
effectiveness and efficiency in learning novel skills (Wolery
et al., 1991). Although further research is needed to clarify
aforementioned concerns, the results reported herein clearly
demonstrated the higher efficiency of set-size-3 than the
set-size-6 and -12 in skill acquisition. These results provide
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valuable information for instructors regarding the arrange-
ment of instruction antecedents and may in turn effectively
facilitate students’ learning in diverse educational settings.
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