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Abstract
Discrete-trial teaching (DTT), a restricted-operant teaching arrangement, and frequency-building

instruction (FBI), a free-operant teaching arrangement, represent two instructional strategies derived
from operant conditioning. Researchers and practicing behavior analysts have used both to establish
and firm up novel stimulus-behavior relations. Despite the effectiveness of both procedures, few
studies have compared the two techniques and assessed the effects on the emergence of fluent
responding. The current study extends the research to typically developing college students to
directly compare DTT and FBI. We taught participants the numerals 0-10 in unknown foreign
languages (i.e., Mandarin, Arabic, and Hindi) using both procedures. Under both conditions, we held
constant the number of practice trials and frequency of reinforcement. Results found quicker
acquisition under restricted-operant conditions for all participants, though none of the participants
met the desired frequency aim prior to the end of the study. We discuss the results of the study in
the context of planning for learning across three stages of learning.
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Researchers have suggested that teaching paradigms often exist on a continuum from restricted op-
erant (RO) to free operant (FO; Bulla, 2023; Evans et al,, 2021). Restricted operant paradigms place
an external restriction on the frequency of responses emitted by an organism, most often in the du-
ration of the inter-trial-interval (ITI). For example, the instructor provides an SP, “touch your nose,”
the learner touches their nose, the instructor provides a reinforcer, and then an ITI of 15 s occurs
prior to the next SP (Ghezzi, 2007). This typically occurs for a predetermined number of trials and
yields a statistic about the accuracy of the performance. Free operant paradigms seek to lift any re-
striction on the natural frequency of a behavior, allowing the organism to freely respond numerous
times in succession, seeking to eliminate imposed ITIs. For example, given the same skill of listener
responding, the instructor presents the SP, “touch your nose,” the learner touches their nose, and
immediately after the learner engages in the behavior, the instructor delivers the next SP, thus re-
ducing the ITI. This occurs for a predetermined length of time and yields a frequency of corrects and
errors per unit of time. Under this paradigm, one places the focus on increasing the frequencies of
the behavior.

Researchers and behavior analysts have developed a wide range of instructional technologies
based on these paradigms. Discrete-trial teaching (DTT) represents one of the most used teaching
procedures derived from restricted-operant paradigms (Ghezzi, 2007), and frequency-building in-
struction (FBI) representing one of the most common derived from free-operant paradigms (Gist &
Bulla, 2022). Both RO and FO teaching arrangements provide learners with a research-based, effec-
tive instructional arrangement for building accurate performance (Ghezzi, 2007; Gist & Bulla, 2022).
A free-operant teaching paradigm aims to remove ceilings on learner performance by providing in-
structional arrangements that support the freedom to perform at rates and topographies restricted
only by the laws of nature (Lindsley, 1996). This paradigm also allows for direct and continuous
measurement of response rates— the data from which the analysts then use as the primary depend-
ent variable. Conversely, in a restricted operant arrangement, teachers present materials prompting
one response at a time with an ITI separating response opportunities (Ghezzi, 2007), allowing the
learner more time to contact stimulus conditions prior to making a response. The resulting data
analysis typically occurs with a derived measurement such as percent correct as the primary datum.

While the robust literature exists on the effectiveness of DTT procedures (Ghezzi, 2007), such
interest focusing on the state of effectiveness of methodologies derived from FO paradigms have
recently emerged (Gist & Bulla, 2022). Doughty, Chase, and O’Shields (2004) conducted a literature
review on the effectiveness of frequency-building procedures. Researchers assessed the level of sup-
porting research on the use of frequency building across a variety of skills (e.g., spelling). Results
identified two variables that studies did not consistently control for, thus weakening the quality of
research on frequency-building procedures. First, a lack of appropriate controls for reinforcement
across conditions existed, with frequency-building procedures often resulting in more frequent re-
inforcement. Second, a lack of appropriate controls for the overall number of practice trials across
conditions also existed, with frequency building often resulting in more practice opportunities com-
pared to DTT.

Doughty et al (2004) also discussed the need for more objective measures for the associated out-
comes of fluency. They argued that a consistent definition for the outcomes of fluency did not exists
in the literature. Precision teachers often look for outcomes related to maintenance, endurance, sta-
bility, application, and adduction (MESAA; Johnson et al., 2020). One observes maintenance when
the same or better frequency of performance occurs after a period of no practice. Endurance repre-
sents the same performance when the length of observation increases (e.g., same performance dur-
ing a 10-s timing and a 60-s timing). Stability represents the same frequency of performance in the
face of distracting stimuli or contexts. Application occurs when the learner uses the same taught skill
under novel contexts that resemble the teaching contexts. Lastly, adduction occurs when the learner
engages in an untaught behavior, most often a combination of established behaviors, in a novel con-
text. Previous research suggest that frequencies must maintain at the same level across these areas
for the behavior to be considered “fluent” (Binder, 1993). Though precision teachers test for these
outcomes, the published literature does not always include each of the components in MESAA, mak-
ing it difficult to make comparisons of “fluent” behavior. For example, Aravamudhan & Awasthi
(2021) included measures of maintenance, endurance, stability, and application after using FBI to
increase speech sounds in an autistic female but did not include measures of adduction.
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Regardless of the instructional technique, both paradigms seek to establish skills that maintain
across time and occur at a level that allows the environment to naturally recruit these established
behaviors under the naturally occurring stimulus conditions. Researchers have begun to investigate
the performance standards necessary for such mastery to occur. Richling et al. (2019) conducted a
practitioner survey and found that most ABA clinicians use 80% accuracy across three sessions as
mastery criteria. Richling et al. (2019) also found that only those skills taught with 100 % accuracy
as mastery criteria produced retention between 80% to 90 % whereas skills built to lower criteria
deteriorated substantially. However, other studies associate the ability to respond accurately at high
rates with fluency outcomes such as retention, endurance, stability, application, and adduction (Fab-
rizio & Moors, 2003; McTiernan et al., 2016; Stocker et al., 2019), driving fluency-based instructors
to aim for high rates of responding as mastery criteria.

Researchers have also begun to include the appropriate controls for the abovementioned varia-
bles in current investigations. Noppraprun and Holloway (2014) found mixed results in their inves-
tigation of DTT and FBI to teach letter sounds to individuals with Autism Spectrum Disorder, while
controlling for practice opportunities and the rate of reinforcement, and comparing instructional
duration, sessions to accuracy, and rate of response in fluency checks. The DTI condition produced
accuracy in fewer sessions for two participants, whereas rate building in the FT condition produced
accuracy in fewer sessions for two additional participants as well as a more efficient instructional
arrangement (i.e., shorter overall duration) for all participants, and better fluency outcomes for all
participants in two of the fluency checks. This provides evidence that while students may learn novel
skills with both DTT and FBI, better long-term effects may occur with freguency building.

The present study investigated the effects of free-operant (FO) and restricted-operant (RO)
teaching arrangements on the acquisition of novel discriminations with adult learners in a transla-
tional setting. We compared the rate of acquisition with foreign language numerals (Hindi, Arabic,
and Mandarin), and fluency outcomes attained in RO, FO, and control (no teaching) conditions with
college students. Fluency outcomes included measuring endurance, stability, application, and ad-
duction based on the procedures outlined by Fabrizio and Moors (2003) and Johnson and Street
(2012). The emergence of the global COVID-19 pandemic prevented conducting maintenance checks
or social validity measures.

Method
Participants and Setting

Table 1 presents the demographic data for the six college students that participated in this study.
Participants included within the study responded to either a recruitment email or through signed
up to participate via SONA, the online resource for research recruitment within the university. All
participants received extra credit through an online subject pool for undergraduate students. The
researchers provided the participants’ instructors with the total amount of hours the individual par-
ticipated in the study, and the instructor used that information to distribute extra credit. Research-
ers excluded one participant, Claire, from the study. During the control condition (i.e., no instruc-
tion), researchers detected inexplicable gains in Claire’s performance indicative of a history threat—
namely, practice outside of the research setting. Unmonitored practice, confirmed by the participant,
negated the effects of the relevant teaching interventions in the study; therefore, a total of five par-
ticipants remained for analysis.

Sessions included one participant and one researcher. All sessions took place in the same 9’ X 12’
room with a table and two chairs. An additional room attached to the lab room provided researchers
the opportunity to conduct treatment integrity through a one-way window without disrupting the
session. Each participant engaged in a baseline session to ensure they did not have the discrimina-
tion skills already, and then approximately two sessions per week across 5 weeks for a total of 10 -
11 additional sessions, followed by the MESAA checks during the final session.
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Table I. Participant Demographics.

Participant ID University Class Age  Gender  Race Combined Family Income

Jill Sophomore 20 Female Black/African American $75,000-$100,000

Leon Junior 26 Male White/Caucasian $25,000-$50,000

Chris Sophomore 27 Male Black/African American $25,000-$50,000

Claire Sophomore 20 Female Latina-Hispanic $50,000-$75,000

Ada Sophomore 20 Female White/Caucasian < $25,000

Sheva Junior 19 Female White/Caucasian $75,000-$100,000
Materials

Stimuli used in the RO condition included three sets of 300 white colored, 3-inch x 5-inch index
cards with a character numeral (1-10) centered on the front in 48- point, black font, in one of three
languages: Mandarin, Arabic, or Hindi. The stimuli used in the FO condition included 24 work-
sheets— eight for each language— with randomized numerals (1-10) listed in 20 rows and 10 col-
umns, totaling 200 digits printed on standard (8.5-inch x 11-inch) white computer paper in black
font. Researchers reserved four worksheets for each language to serve as novel stimuli for post-
practice data collection probes.

Researchers used a standard timer for timings and marked correct answers with an audible click-
in;if, device. Datasheets contained columns indicating the trial number (25 trials per column, four
columns) followed by a column with a (+) symbol and a (-) for selecting a correct (+) or incorrect
(-) response on each trial. Data collectors used this same format of the data sheet for all language
conditions during baseline, both intervention phases, and during MESAA check probes.

Dependent Variable

Researchers measured the frequency of correct and incorrect digits read aloud from a novel
worksheet during a 30-s probe in each language. The probe worksheet included more stimuli than
possible to read in 30 s to avoid imposing a ceiling on the learners’ response rates. A correct re-
sponse occurred when the participant said the correct numeral in English. An error occurred if an
individual said, “pass,” or an incorrect numeral. The researcher did not provide any feedback on
measures of the dependent variable.

Procedures

During each condition, the participant sat in a chair at a table with the condition-specific teaching
materials (i.e., RO cards or FO practice sheet) in front of them. The researcher sat in a chair across
the table from the participant with a timer and data collection materials. At the conclusion of each
session, researchers graphed data on a standard celeration chart for visual analysis and decision-
making.

Baseline. Data collection in the baseline condition occurred for one session per participant to evalu-
ate evidence of any previous experience with the foreign language numerals. During this condition,
the participant sat at a table across from the researcher with the probe worksheet in front of them.
Researchers instructed participants to say the numbers from the probe sheet as quickly as they
could and to either guess or say, “pass” for unknown numbers. One timing occurred for each lan-
guage and lasted for 30 s. A similar procedure occurred for the adduction check baseline, however,
the probe sheet included random multi-digit numbers (11- 20). The application check baseline re-
quired participants to write the solutions of random single-digit math facts on a worksheet during a
30 s timing. Each probe sheet included math facts in one language and timings occurred for all three
languages separately. The participants wrote the answers in Hindi-Arabic (i.e., the standard U.S.
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numeral system). At the conclusion of the timings, the researcher thanked the participant and the
baseline session concluded.

Control. In the control condition, participants engaged in the same timing procedure as during the
baseline session with single digits in the language assigned to this condition. This condition served
as the “no teaching” condition to control for the effect of improvement based on repeated practice
with the probe procedure. Therefore, participants received no feedback on their performance or
reinforcement of responses, and the condition included a single probe in the given language.

Free Operant

Phase 1. Researchers instructed participants to say the numbers from the worksheet as quickly
as they could within a 30-s timing. The researcher marked correct responses by pressing a clicker
and recorded the occurrence as a correct response on the data sheet. If the participant said the
wrong number or said, “pass,” the researcher gave an immediate echoic model of the correct num-
ber, paused for the participant to echo the correct response, and recorded the response as incorrect.
When the participant echoed correctly within 3- 5 s, the researcher then pressed the clicker, and the
participant continued to the next digit. This process continued for the duration of the 30-s timing.
The researcher repeated the timing procedure for three, 30-s practice timings.

After the three practice timings, the researcher conducted the data collection probe to assess par-
ticipants performance on the DV. Participants read from a novel probe sheet, data collection on cor-
rect and incorrect responses occurred, and researchers provided no error correction or reinforce-
ment of correct responses.

Phase 2. When participants reached at least 90% accuracy in the FO and RO conditions during the
same session, phase 2 commenced for both conditions. During phase 2 of the FO condition, three
practice timings occurred as in phase 1, but no feedback occurred during the timings. Instead, at the
end of each 30 s timing, the researcher stated how many correct and incorrect responses occurred
and provided error correction by pointing to the incorrectly stated digit on the worksheet and saying
the correct digit. Participants echoed the correct response before moving on to the next correction.
If no errors occurred, the researcher stated that no errors occurred and congratulated the partici-
pant. This procedure occurred for three, 30-s practice timings before conducting the data collection
probe using the same procedure as the probe in phase 1.

Restricted Operant Teaching

Phase 1. To determine the number of trials to conduct during the RO condition, researchers yoked
the total number of responses that occurred in the FO practice timings for that session. Yoking re-
sponse opportunities controlled for the potential impact of unequal practice opportunities that
could occur from the different teaching arrangements. For example, if the participant said a total of
35 numerals (correct or incorrect) summed across all three FO practice sessions, the researcher
presented a total of 35 stimulus cards.

The researcher placed the cards in a pile, then held up one card at a time in front of the participant,
and delivered a verbal prompt (i.e., “What number?”). If the participant said the correct number, the
researcher marked the response by pressing the clicker and recorded the responses as correct. If
the participant said the incorrect number, said, “pass,” or did not respond within three to five sec-
onds, the researcher implemented the same error correction procedure as in the FO condition and
marked the response as incorrect on the data sheet. Between all trials the researcher imposed a 3-
5 sinter-trial interval (ITI) from the participant’s response to the presentation of the next card. After
the researcher presented all of the cards in RO training, the researcher conducted the data-collection
probe exactly as the control condition probe with the language assigned to the RO condition.

Phase 2. As previously stated, when the participant achieved at least 90% accuracy in the RO and
FO conditions during the same session, phase 2 began. During phase 2 of the RO condition, the par-
ticipants completed three practice opportunities in a similar manner to phase 1 except the research-
ers did not deliver any feedback until the end of each practice opportunity. The researchers again
yoked the number of stimulus presentations to match the number of practice opportunities pre-
sented in each of the FO timings. For example, if the participant said 60 digits for the first timing in
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the FO condition, the researcher presented 60 cards during the first block of practice in the RO train-
ing. If the participant said 50 digits during the second timing, the researcher presented 50 cards
during the second block, etc. After participants completed the cards from one practice opportunity,
the researcher informed the participant of the number of correct and incorrect responses. Error cor-
rection then occurred with the same echoic procedure as during phase 1, but researchers presented
all errors consecutively with a 3-5 s ITL If no errors occurred, the researcher stated that they made
no errors and congratulated the participant. The same procedure occurred for all three RO practices.
Researchers then conducted the data collection probe of the DV with the same procedure as in the
FO condition.

MESAA Checks

Researchers planned to measure endurance, stability, application, and adduction according to
MESAA check procedures described by Fabrizio and Moors (2003) when the participants reached a
frequency aim of 120 correct numerals per minute. Unfortunately, the COVID-19 pandemic inter-
rupted the study, making the participants inaccessible for continued sessions or retention checks
which require a month with no practice. Therefore, MESAA checks occurred before participants met
the frequency aim. MESAA checks occurred in each condition using a cold-probe procedure. Unlike
phases 1 and 2, the cold-probe procedure included no practice opportunities, data collection oc-
curred on the first timing of each check, and participants received no feedback.

Endurance. In the present study, data collection probes occurred during 30-s timings. Therefore,
to probe for endurance researchers used the same procedures described previously except they in-
creased the timing period to 90 s.

Stability. To test for stability of the skill in this study, participants engaged in 30-s timing while
listening on headphones to a recording of the first author saying a series of randomized numbers in
English. The response requirement remained the same as the data collection probes, with partici-
pants seeing digits in the condition-dependent language and saying the digit in English.

Application. For the application check, participants completed a 30-s timing with single-digit ad-
dition and subtraction problems in each of the condition-specific languages (i.e., Hindi, Arabic, and
Mandarin) according to the same procedures as described in the baseline condition.

Adduction. Adduction represents a behavioral phenomenon in which novel, untrained instances
of behavior emerge without explicit instruction (Johnson et al., 2020). To assess for adduction, re-
searchers conducted a 30-s probe of untaught, multi-digit numerals (11 -20) in each language con-
dition. Multi-digit identification in all three languages followed similar rules to standard English
numbers. For example, the digit /13/ in all three languages had the numeral /1/ followed by the
numeral /3/.

Experimental Design and Analysis

The present study employed an adapted alternating treatment design (AATD) to assess the effects
of RO and FO on the accuracy, frequency, stability, application, and adduction of the dependent var-
iable. Researchers commonly use an AATD when comparing the effectiveness and/or efficiency of
two or more interventions for different but equally difficult target sets (Cariveau & Fetzer, 2022).
When using an AATD, the researcher(s) assigns target sets to each condition and then introduces
the conditions by rapidly alternating their presentation. In the present study, the researchers first
conducted a logistical analysis to ensure instructional items consisted of equivalent target sets
(Wolery etal,, 2014). The researchers selected the three languages (i.e., Mandarin, Arabic, and Hindi)
because each of these languages uses characters/symbols to represent numerals that differ from the
numerical system used in the United States (e.g,¥ = 2 in Arabic). The researchers independently
analyzed each of the characters within each language to ensure that the symbols did not resemble
traditional English numerals, all reguired rote memorization or simple stimulus control, and that
teen numbers (e.g., 13) all consisted of a symbol used for “10” plus one additional symbol. The re-
searchers also independently analyzed visual properties of the symbols within each language and
deemed symbols within each language to be of equal size, shape, and complexity.

After equating target sets (i.e., character sets of numerals 1 - 10 in Mandarin, Arabic, and Hindji),
the researchers randomly assigned each target set to three different conditions (i.e., FO, RO, and
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control) across participants using the randomization function within an Excel spreadsheet. The
study consisted of an initial baseline condition to measure the participants performance prior to
introduction to the two treatment conditions. A third target set, a control set, appeared in the base-
line condition as well and received measurement throughout the experiment to assess threats to
internal validity (Wolery et al., 2014, 2018). Furthermore, counterbalancing the target sets across
conditions and participants provides an additional means of controlling for difficulty when using
and AATD (Cariveau et al., 2022).

Each session consisted of all three conditions (i.e., RO, FO, Control) for each participant. Research-
ers then compared the effects of each condition to the control condition to observe differences in
responding. To control for the number of practice opportunities across conditions, the number of
trials obtained during each FO condition determined the number of trials presented during the RO
condition in each session. Therefore, the FO condition occurred before the RO condition. Given the
control condition did not vary in response opportunities during different sessions, participants
could experience the control condition either before or after the FO condition. Researchers random-
ized the order of control and FO conditions prior to each session in a way that outcome produced a
rank ordering of the three conditions. The researchers used the daily per minute standard celeration
chart to evaluate the change in level, bounce, celeration, and accuracy improvement measures
(Pennypacker et al., 2003).

Treatment Integrity

Before conducting each session, the researchers reviewed a treatment integrity checklist of pro-
cedural components. During random sessions, the primary investigator conducted an integrity
check to ensure the researchers accurately implemented the intervention procedures. Observations
for the integrity check took place behind a one-way mirror without the implementer’s knowledge.
Integrity checks occurred for 39% of the sessions, which included all conditions in both phases. Cor-
rect implementation occurred for an average of 99% of the steps, with a range of 93% - 100%. Re-
searchers calculated total treatment integrity by dividing the total number of correctly implemented
procedural components by the total number of components for each observed session.

Interobserver Agreement

Researchers assessed interobserver agreement (I0A) during 43% of total sessions across all par-
ticipants during the baseline and intervention phases. Additionally, researchers collected 10A data
across two participants sessions during the MESAA checks. During the assessment, a second re-
searcher observed the participant's performance and collected data. Researchers then calculated
trial-by-trial IOA by dividing the number of agreements by the total number of trials. A trial repre-
sented a response made by the participant to a relevant SP (either on the sheet or delivered on
cards). Baseline I0A included each condition for four out of five participants and resulted in average
agreement of 98% (Range 87.5- 100). IOA across data collection probes in intervention averaged
98% (Range 95.8 - 100). MESAA check I0A included each MESAA check (i.e., endurance, stability,
application, and adduction) during each condition for two out of five participants (40% of total
MESAA checks) and achieved an average of 91.9% total agreement (Range 63.6 - 100). 63.6% oc-
curred during the endurance probe of Ada’s performance. The total agreement for Ada’s MESAA
checks averaged 85%, and the total agreement during Chris’s MESAA checks averaged 98.75%.

Results

Standard Celeration Charts

Figures 1 -5 provide a visual display of the frequency, celeration, level, and bounce of correct and
incorrect responses per minute for each participant in each condition on standard celeration chart
(SCC) segments. Given charting conventions using the SCC (i.e., dots for acceleration data, x’s for
deceleration data), putting the data for all three conditions on one graph would not allow for proper
visual analysis. Therefore, the researchers included three separate SCC segments, one for each con-
dition, that appear next to each other and allow for visual analysis to take place by comparing data
from left to right for each participant. When using an AATD, demonstration of experimental control
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occurs when differentiating in responding occurs between the different treatment conditions. By
displaying the SCC segments in separate tiers, once can see the effects each condition had on behav-
ior and this permits comparisons of the effects of the independent variables on the dependent vari-
able.

Frequency describes the rate of responses occurring in a given time (Pennypacker et al., 2003).
Celeration describes the growth or decay of a performance in a given celeration period (Penny-
packer et al.,, 2003); This study used a one-week celeration period. Celeration value descriptions
include a direction (i.e., X describes growth, whereas / describes decay) and an exponential magni-
tude of growth (e.g., X1.5) per the celeration period. For example, X1.5 per week indicates an in-
crease of 50% in one week, whereas /1.5 indicates a decrease of 33% per week. Level typically refers
to a measure of central tendency (e.g., mean, median, mode, etc.); for the purposes of this study, we
used the geometric mean. Lastly, bounce refers to the variability present within the data set. One can
quantify the degree of bounce by examining the proportional distance between the highest and low-
est data points.

Accuracy

Overall, participants acquired accuracy of responding (zero incorrect responses) in fewer ses-
sions in the RO condition (Mdn = 2; range, 7-2) than in the FO condition (Mdn = 7; range, 7-5), as
displayed in Figures 1-5 and Table 2. Participants acquired accuracy more rapidly in both the RO
condition and the FO condition than in the control condition. The control condition produced low
levels of accuracy throughout both phases for all participants. All participants reached accuracy first
under the RO condition.

Table 2. Number of Sessions to Accuracy.

Participant FO RO Control
Ada 7 2 N/A
Sheva 5 2 N/A
Chris 5 2 N/A
Leon 8 7 N/A
Jill 7 2 N/A




Bulla et al. 23

Figure |. Results for Ada in the FO, RO, and Control Conditions.
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Note. This figure demonstrates the results for Ada. The top row displays the raw data, and the bottom row displays the data in aggregate form. The FO condition
targeted Mandarin numerals, the RO conditions targeted Arabic numerals, and the control condition targeted Hindi numerals.
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Figure 2. Results for Chris in the FO, RO, and Control Conditions.
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targeted Mandarin numerals, the RO conditions targeted Hindi numerals, and the control condition targeted Arabic numerals.
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Figure 3. Results for Jill in the FO, RO, and Control Conditions.
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Note. This figure demonstrates the results for Jill. The top row displays the raw data, and the bottom row displays the data in aggregate form. The FO condition
targeted Arabic numerals, the RO conditions targeted Mandarin numerals, and the control condition targeted Hindi numerals.
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Figure 4. Results for Leon in the FO, RO, and Control Conditions.
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Note. This figure demonstrates the results for Leon. The top row displays the raw data, and the bottom row displays the data in aggregate form. The FO condition
targeted Hindi numerals, the RO conditions targeted Arabic numerals, and the control condition targeted Mandarin numerals.
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Figure 5. Results for Sheva in the FO, RO, and Control Conditions.
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Note. This figure demonstrates the results for Sheva. The top row displays the raw data, and the bottom row displays the data in aggregate form. The FO condi-
tion targeted Hindi numerals, the RO conditions targeted Arabic numerals, and the control condition targeted Mandarin numerals.
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Level

Level represents a measure of central tendency throughout a condition. Overall, participants
reached higher average levels of correct responding in the RO condition (Mdn = 62; range, 95- 47)
than the FO (Mdn = 39; range 50-29) and control (Mdn= 18, range 34-1.9) in phase 1 and in phase
2 (, RO Mdn= 93, range 108- 77, FO Mdn= 82, range 102-67, control Mdn= 31, range 46- 4.3). As
displayed in Table 3, Chris acquired a higher average level of correct responding in the FO condition
than in the RO condition in phase 2, whereas all other participants acquired a higher average level
of responding in the RO condition. Incorrect responses also occurred at a higher rate in the FO con-
dition (Mdn = 12; range, 13-6.1) than in the RO condition (Mdn = 1.4; range, 3-1.3) and remained
highest in the control condition (Mdn = 35; range, 52-24) in phase 1. In phase 2, the average incor-
rect responses occurred at a similar level in the FO (Mdn =1.4; range, 2.6-1) and RO (Mdn. = 1.2;
range, 2.3- 1) conditions but remained high in the control condition (Mdn = 43; range, 61-34).

Table 3. Mean Level of Correct and Incorrect Responses.

Phase |
Correct Responses Incorrect Responses
Participant FO RO Control FO RO  Control
Ada 50 76 30 13 1.3 24
Sheva 48 95 34 10 1.3 52
Chris 37 47 1.9 6.1 1.4 40
Leon 39 56 I8 12 3 28
Jill 29 62 14 12 1.4 35
Phase 2
Ada 102 108 46 I 1.3 38
Sheva 82 104 36 2.6 23 6l
Chris 84 77 43 I I 43
Leon 79 93 31 l.4 I 34
Jill 67 88 21 l.4 1.2 44

Note. The table displays the geometric mean level of correct and incorrect responses per minute for each participant in
each condition for each phase.

Celeration

Overall, in phase 1, correct responses grew with a moderate celeration in the RO (Mdn= X1.3,
range X1.4- X1.1), FO (Mdn= X1.5, range X1.6- X1.4), and control (Mdn= X1.5, range X1.1- X2.3) as
displayed in Figures 1-5 and Table 4. In the RO condition, a moderate value of deceleration of incor-
rect responses occurred since incorrect responses started and remained low (Mdn =1.6; range, /1.9-
X1), whereas in the FO condition, incorrect responses decelerated over time, (Mdn = /2.3; range,
/1.4- /3.4).In phase 2, insignificant accelerations occurred in the RO (Mdn = X1.1; range, X1.1- /1.1)
and FO conditions (Mdn= X1; range, X1- X1.3) since the rate of correct responses reached high levels
in the previous phase. The rate of correct responses continued to accelerate in phase 2 of the control
condition for Sheva (X1.3), Chris (X2.3), and Leon (X1.5), whereas Ada (X1) and Jill's (X1.1) celera-
tions remained relatively flat. Incorrect responses in phase 2 of the control condition also remained
relatively flat (Mdn = /1.1; range, X1.2- /1.2).
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Table 4. Celeration Values.

Phase |
Correct Responses Incorrect Responses

Participant FO RO Control FO RO Control
Ada X 1.6 X1.3 X1.5 /1.4 Xl XI.1
Sheva X1.5 XI.1 XI.1 3.4 /1.6 X1.3
Chris X1.4 X1.3 X2.3 2.4 /1.8 /1
Leon X1.6 X1.4 X1.6 1.7 /1.5 /1.3
Jill X1.4 X1.4 X1.4 2.3 /1.9 X1.2

Phase 2
Ada Xl XI.1 Xl X1.2 XI1.3 XI.1
Sheva XI.1 Xl X1.3 1.2 /1.5 /1.2
Chris XI.1 X1.02 X2.3 Xl Xl /1.2
Leon X1.3 Xl X1.5 X1.4 Xl /1.1
Jill Xl /1.1 XI.1 Xl Xl X1.2

Note. The table displays the quantitative growth (X) or decay (/) per week for correct and incorrect responses for each
participant in each condition and in each phase.

Level & Celeration Multipliers

The level multiplier describes the exponential difference between the average level of responses
per minute between conditions (Kubina, 2019). The multiplier expresses change as either X[value]’
indicating a level increase from the reference condition to the subsequent condition, or ‘/[value|’
indicating a decrease from a reference condition to the subsequent condition. X1 indicates no change
between conditions. In phase 1, correct responding in the RO and FO conditions improved from the
control condition. Additionally, all participants improved in the average level of responding from the
FO to the RO conditions. In phase 2, both FO and RO conditions improved from performance in the
control condition. A minimal difference occurred between the FO and RO conditions. See Table 5 for
the quantitative difference in the level of correct responses between conditions for each participant.

Differences in incorrect responses between conditions occurred independently of differences in
correct responses between conditions. Across all participants in phase 1, a decrease in the level of
incorrect responses occurred in the FO and RO conditions compared to the control condition. The
average level of incorrect responses increased from the FO to the RO condition across all partici-

ants. Table 5 displays the quantitative values of the level change between conditions in both phases
or all participants.

The celeration multiplier describes the exponential difference between the rate of growth or de-
cay between conditions. A value of X1 celeration indicates no change in the rate of growth/decay
between conditions, whereas X2 indicates a doubling in the rate of response per week between con-
ditions. In phase 1, little difference in celeration occurred for correct responses. Table 5 displays
celeration multiplier values for correct responses for each participant, in both phases in each condi-
tion. Overall, the celeration of correct responses in phase 1 increased from the RO and FO condition
compared with the control condition.
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Table 5. Quantitative Comparisons of Correct Responses Between Conditions.

FO RO

Participant Endurance  Stability =~ Application Adduction Endurance Stability = Application Adduction

Ada 113/0 104/0 25/2 24/2 98/0 122/0 20/0 5072
Sheva 81/0 90/2 14/4 50/0 108/0 118/0 16/2 57/0
Chris 84/0 78/0 16/0 40/0 78/0 84/0 20/4 48/0
Leon 100/0 90/0 14/10 46/2 82/0 86/0 12/8 48/0
Jill 35/11 42/20 10/8 3172 50/5 74/0 18/2 28/0

Note. This table displays the differences in level (average responding) and celeration (Speed of growth/decay) between
each of the conditions, for each participant and each level.

MESAA Outcomes

Overall, the FO and RO conditions produced higher rates of correct responses and lower rates of
incorrect responses than the control condition across all fluency outcome checks. Between the RO
and FO conditions, fluency outcomes occurred at a comparable level across most checks for all par-
ticipants, as displayed in Tables 6 and 7. Ada obtained a higher rate of correct responses in the ad-
duction check during the RO condition than the FO condition (X2.1 level multiplier). Jill also obtained
a higher rate of correct responses in the application check (X1.9 level multiplier), and the stability
check (X1.8 level multiplier) in the RO condition than in the FO condition. No significant outcomes
favoring the FO condition over the RO condition occurred.

Table 6. MESAA Per Minute Frequencies in FO and RO Conditions.

Phase |
Level Multiplier Celeration Multiplier
Participant FO compared Control com- Control com- FO compared Control com-  Control com-
to RO pared to FO pared to RO to RO pared to FO pared to RO
Ada X1.53 X1.66 X2.53 /1.2 XI.1 /1.15
Sheva X1.98 X1.39 X2.75 /1.32 X1.38 X1.04
Chris X1.25 X19.78 X24.72 /1.09 /1.65 /1.78
Leon X1.45 X2.18 X3.17 11.12 /1.05 /1.19
Jill X2.14 X2.15 X4.60 /1.02 /1.01 /1.0l
Phase 2
Ada X1.06 X2.34 X2.2 XI1.1 XI XI1.1
Sheva X1.26 X2.3 X291 /11.07 XI1.15 /1.25
Chris /1.10 X19.40 X17.71 /.11 12.04 12.26
Leon XI1.19 X2.53 X3.00 /1.30 /1.21 /1.57
Jill X1.32 X3.24 X4.28 /1.13 XI1.16 /1.03

Note. This table displays the correct and incorrect (c/i) results in checks for Endurance, Stability, Application and Adduc-
tion (RESAA).
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Table 7. MESAA Per Minute Frequencies in the Control Conditions.

Control
Participant Endurance Stability Application Adduction
Ada 45/30 67/45 12/20 25/20
Sheva 88/126 40/46 4/20 8/40
Chris 8/30 4/52 2/26 8/40
Leon 34/40 22/40 0/25 4/8
Jill 10/50 24/40 0/18 15/10

Note. The table displays correct and incorrect (c/i) results in checks for Endurance, Stability, Application, and Adduction in
the control condition.

Individual Analysis

The above results include a description of the effects of the three conditions (i.e.,, FO, RO, and
control) in aggregate form for all five participants. In order to provide a model for how to analyze
the results and demonstrate experimental control when using an AATD, we provide a detailed de-
scription for one participant, Ada. Figure 1 displays the data for Ada. During baseline, Ada produced
a frequency of correct responses of 25 per min and 1 incorrect per min during the RO condition, 12
correct per min and 1 incorrect per min during the FO, and 12 correct per min and 10 incorrect per
min for the control target set.

Level. During phase 1 of the RO condition, Ada had an average of 76 correct responses per min
and 1.3 incorrect responses per min. For the FO condition in phase 1, Ada had an average frequency
of 50 correct responses per min and 13 incorrect responses per min. Lastly, for the control condition,
Ada had an average of 30 correct per min and 24 incorrect responses per min during phase 1. To
meet the accuracy criteria, it took Ada 2 sessions during the RO condition, and 7 sessions during the
FO condition. Ada did not meet the accuracy criteria for the control condition.

During phase 2, Ada produced 108 correct responses per min and 1.3 incorrect responses per
min during the RO condition. In the FO condition, Ada had 102 correct responses per min and 1
incorrect response per min. For the control condition, Ada’s average correct responses remained
low with 46 correct responses per min and the average rate of incorrect responses remained high
with 38 incorrect responses per min.

Celeration. During the RO condition for phase 1, Ada’s correct responses grew by X1.3 (30%
weekly growth) and celeration for incorrect responses came to X1 (0% weekly growth/decay, no
trend). During the FO condition, her correct responding grew by X1.6 (60% weekly growth) and
incorrect responding decelerated by /1.4 (29% weekly decay). Celeration during the control condi-
tion had a slight celeration of X1.1 (10% weekly growth).

During phase 2, Ada’s frequency of correct and incorrect responses grew by X1.1 (10% weekly
growth) and X1.3 (30% weekly growth), respectively. In the FO condition, the frequency of correct
responses remained stable during with a X1 celeration (0% weekly growth, no trend) and a X1.2
(20% weekly growth) celeration for incorrect responses. For the control condition, celeration for
correct responses remained stable with a celeration of X1 and incorrect responses came to X1.1
(10% weekly growth).

Level Multiplier. When comparing performance across the conditions for phase one, Ada had a
X1.53 (53% more) higher average rate of correct responding during the RO condition when com-
pared to the FO condition. When comparing the FO condition to the control condition, Ada had a
X1.66 (66% more) higher average rate of correct response. When compared to the control, RO pro-
duced X2.53 (150%) more correct responses. During phase 2, Ada had X1.06 (6%) more correct
responses per min during the RO condition compared to the FO condition. When compared to the
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control condition, Ada produced a level multiplier of X2.34 (134% more compared to control) for
the FO condition and X2.2 (120% more compared to control) for the RO condition.

Celeration Multiplier. During phase 1, Ada had a celeration multiplier of /1.2 indicating that her
frequency of correct responses per min across time occurred slower during the RO condition than
in the FO condition. When comparing the control condition to the FO condition the celeration multi-
plier came to X1.1, indicating that correct responses occurred 1.1 times faster in the FO condition
than the control condition. The celeration multiplier analysis for comparing the control condition to
the RO condition came to /1.09 indicating a slower change in rate of responding during the RO con-
dition. In phase 2, Ada’s correct responding grew 1.1 times more during the RO condition than in the
FO condition. When comparing the control condition to the FO condition, the celeration multiplier
analysis found no difference in the speed in which behavior changed (X1). For the control to RO
comparison, correct responses during the control condition occurred X1.1 faster than in the RO con-
dition.

Discussion

Both the RO and FO conditions produced effective skill acquisition for all learners. Although no
participant reached the recommended frequency aims indicative of fluent performance, overall, the
participants achieved performances during the stability and endurance checks in both RO and FO
conditions comparable to their performances in phase 2. Performances in the application checks and
adduction checks varied. Given the robust literature base for fluency outcomes after attaining higher
frequency aims, the need to abruptly cease the study likely affected any differentiation between the
level of responding achieved and MESAA outcomes between conditions. Likewise, not reaching fre-
quency aims in either condition limited the ability to detect an effect of yoking responses from the
FO to the RO condition.

However, the clear difference in the rate of acquisition of accurate responses in the RO condition
compared with the FO and control conditions remains of note. Leon reached accuracy in the RO con-
dition on the seventh session and in the eighth under the FO conditions, whereas all other partici-
pants reached 100% accuracy within two sessions in the RO condition compared to five to eight
sessions before reaching accuracy in the FO condition. During the acquisition phased of learning,
imposing some restriction on the rate of response as we did with the RO condition, resulted in the
most efficient rate of acquisition between the three conditions. These results may provide some ev-
idence indicating the benefit of an “accuracy first” approach to teaching a new skill as all participants,
on average, acquired the skill under RO conditions roughly twice as fast.

Several pragmatic benefits may occur when one trains a new behavior to accuracy under re-
stricted conditions prior to increases the frequencies of the response under freer conditions. First,
fewer errors consistently occurred under RO conditions during the acquisition of these novel dis-
criminations. Thus, higher relative rates of reinforcement for correct responses compared to incor-
rect responses occurred under RO conditions compared to early FO sessions. Discoveries from the
EXE)erimental Analyses of Behavior laboratories suggest other benefits of reducing errors during
skill acquisition. Faster skill acquisition limits exposure to extinction, the aversiveness of the contin-
gency (Knutson, 1970), and the emotional behavior that extinction can produce. Extinction-induced
emotional behavior may interfere with operant behavior necessary in contacting new contingencies
of reinforcement, delaying the acquisition of new discriminations (Pierce & Cheney, 2017). In addi-
tion to faster acquisition, learning without errors may produce more resistance to extinction once
acquired. Marsh and Johnson (1968) found that errorless training produced lasting effects such that
pigeons would not respond to the Sdelta even after researchers reversed SP and Sdelta roles. These
studies suggest that preventing errors not only allowed for more efficient acquisition of a skill; they
also produced robust discrimination.

Second, by initially imposing some restriction in the form of a longer IT], the learner may have
time to physically attend to the features of the presented stimuli better than under FO conditions
where researchers instructed them to go as fast as they could. This additional time may allow for
longer contact between the presented stimulus and sensory neurons, thus promoting quicker learn-
ing. Additionally, for verbal learners, this additional time may also prompt covert verbal behavior
that they can use to mediate the response in the future. For example, when presented with the Arabic
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numeral / A\l / that represents the number three, the learner has the opportunity to say things like,
“Oh that is three. I can see a sideways three on the top. That makes sense.” When they experience
the same stimulus again, that covert behavior may help mediate the response, such as when a
learner says, “There’s the sideways three. This is the number three.” Future research can begin to
investigate these variables to identify the extent to which they aid in learning. To control for stimulus
and contact time, researchers can yolk the time the learner spent viewing each stimulus under the
RO condition to the time spent viewing the stimulus under FO conditions. Additionally, to account
for covert mediators, previous researchers have required participants to engage in overt verbal re-
sponses not related to the task as an incompatible behavior to covert response (e.g., Ratkos et al,,
2016).

Future researchers should also account for some of the limitations to the current investigation.
Given the abrupt end to the study, researchers should continue with the study until participants
reach their pre-determined frequency aims that researchers have investigated as predictors of flu-
ency. Additionally, the teaching stimuli under FO and RO conditions differed in size, with RO proce-
dures using larger images of the stimuli. We did this because to have multiple stimuli on the FO
sheets, we had to shrink the size of the stimuli to fit on one sheet. This may have inadvertently al-
lowed participants to better attend to features of the stimuli under RO conditions compared to FO
conditions. Similarly, the probe sheets used for measure of the dependent variable resembled the
practice sheets used during the FO conditions. This represents an intra-experimental variable that
may have influenced the results, given the stark difference of the practice format used in the RO
conditions.

Providing the most efficient and effective teaching paradigm greatly benefits learners and teach-
ers alike. The comparative overall effects of outcomes between teaching conditions still warrant ex-
ploration, including exploring when to “free up” the operant for optimum learning. This may guide
practicing behavior analysts as to when they should use each procedure. Johnson et al. (2020) pre-
sent three phases of learning used in the Morningside Model of Generative Instruction (MMGI): (1)
Acquisition, (2) Fluency, and (3) Application. MMGI incorporates the use of RO teaching paradigms
during the acquisition stage of learning with technologies based on direct instruction. They also use
FO procedures during the practice stage of learning, to build previously established skills to fluent
performances. Give the robust data on the effectiveness of MMGI coupled with the findings of the
current study, it appears that it is not an argument of whether to use RO or FO teaching methodolo-
gies, but a question of when to use each arrangement.
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