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Abstract This study compared the effectiveness and efficiency of an error-correc-
tion procedure, response repetition, to a prompting procedure, simultaneous prompt-
ing, on the acquisition and maintenance of multiplication facts for three typically
developing 3rd grade students. This study employed an adapted alternating treat-
ments design nested in a multiple probe design across three sets of multiplication
facts. Results indicated that correct responding increased upon intervention imple-
mentation for all participants. For two participants, response repetition was a more
effective teaching procedure. For one participant, while both teaching procedures
were effective, response repetition was more efficient in terms of sessions to mas-
tery while simultaneous prompting was more efficient in terms of errors and seconds
to mastery. Maintenance data were variable. Discussion focuses on conceptual dif-
ferences between response repetition and simultaneous prompting that might have
accounted for results.

Keywords Acquisition - Error-correction - Errorless learning - Intervention -
Multiplication

Introduction

Discrete trial instruction (DTI) is a systematic approach to teaching distinct behav-

iors. DTT is rooted in applied behavior analysis and involves the intentional arrange-
ment of antecedent and consequent events around carefully defined behaviors to
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promote skill acquisition. In DTI, learning trials involve a task instruction (i.e.,
the discriminative stimulus), a prompt (if needed), an opportunity for the learner
to respond, and consequences provided contingent on the learner’s response (i.e.,
reinforcement for correct responding and error-correction for incorrect respond-
ing; Lovaas 2003). DTI is an effective way to teach a wide range of skills (Smith
2001). Two key aspects of DTI are the use of prompting and error-correction pro-
cedures, with many variations of each used in research and practice. Few studies
have isolated the effectiveness and efficiency of these components of DTI and those
that exist focused on students with disabilities (e.g., Leaf et al. 2010). The current
investigation extends this literature by comparing the effectiveness and efficiency
of a prompting procedure, simultaneous prompting, to an error-correction proce-
dure, response repetition, on the acquisition and maintenance of multiplication facts
among typically developing students.

Simultaneous Prompting

Simultaneous prompting (SP) is a prompting strategy related to time delay proce-
dures (i.e., constant time delay, progressive time delay). SP involves the simultane-
ous delivery of a discriminative stimulus and a controlling prompt. SP has advan-
tages over other prompting strategies in that it is efficient, there are no decision rules
regarding prompt fading, few prerequisite skills are required to benefit from this
strategy, learners always access reinforcement, and it reduces learner errors (Rao
and Mallow 2009). However, because students lack opportunities to respond inde-
pendently during instruction, probe sessions are required to assess for transfer of
stimulus control. During probe sessions, students can make errors without a con-
sequence (Johnson et al. 1996), and a wide range of student error responses dur-
ing probe sessions have been documented (MacFarland-Smith et al. 1993; Singleton
et al. 1995). Research supports the use of SP for skill acquisition when working with
individuals with developmental disabilities of all ages (see Morse and Schuster 2004
for a review). Although limited, evidence also supports the use of SP with typically
developing individuals. Preschool children successfully learned nouns from class-
room storybooks (Gibson and Schuster 1992), and adolescent students learned a
variety of national flags (Fickel et al. 1998), and elements from the periodic table
(Parker and Schuster 2002).

Response Repetition

Response repetition (RR), also known as directed rehearsal, is an intensive error-
correction strategy. RR requires learners to emit multiple correct responses after a
teacher model contingent on an error (Barbetta et al. 1993). RR has advantages over
other error-correction strategies in that it provides a model of, and additional oppor-
tunities to practice, the correct response, and this practice occurs under appropri-
ate stimulus conditions. Research has consistently demonstrated that increases in the
number of opportunities to respond result in increases in skill acquisition (Belfiore
et al. 1995; Szadokierski and Burns 2008). Learning may be less efficient with RR,
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however, when examining trials and errors required to reach mastery. Requiring stu-
dents to engage in multiple consecutive correct responses may substantially increase
the number of trials to mastery (Carroll et al. 2015; McGhan and Lerman 2013).
RR has been used to teach a variety of skills including math facts (Rapp et al. 2012;
Reynolds et al. 2016) and sight words (Barbetta et al. 1993; Barbetta et al. 1994;
Marvin et al. 2010; Worsdell et al. 2005) for learners with and without disabilities.

Comparison of Prompting and Error-Correction Procedures

Ample studies have demonstrated the effectiveness of using SP or RR alone (Bar-
betta et al. 1993; Fickel et al. 1998; Gibson and Schuster 1992; Parker and Schuster
2002; Rapp et al. 2012; Reynolds et al. 2016). However, none have compared their
effectiveness and efficiency in promoting skill acquisition. There are few studies that
have isolated the effectiveness and efficiency of other prompting and error-correc-
tion procedures on the acquisition and maintenance of discrete skills and all have
involved students with disabilities. In general, results of these studies seem to sup-
port the use of error-correction procedures over prompting procedures.

Leaf et al. (2010) compared the effectiveness of no—no-prompting (NNP) to SP
on the acquisition and maintenance of conditional discrimination skills for three par-
ticipants with autism spectrum disorder. NNP involved saying “no” or “try again”
contingent on an error then representing the trial. The same consequence was deliv-
ered contingent on a second error. After a third error, the researchers re-presented
the trial and delivered a controlling prompt. This study utilized a parallel treatments
design across three item pairs. Results suggested all participants mastered all tar-
gets assigned to the NNP condition; however, only one participant mastered targets
assigned to the SP condition, and for only one of three item pairs. The research-
ers provided several possible explanations as to why NNP was more effective than
SP. First, there were a lack of differential consequences for targets taught via SP
(i.e., participants always emitted prompted correct responses, thus, they always
accessed reinforcement), whereas consequences varied in the NNP based on accu-
racy of responding. Second, visual attending was promoted for targets taught in the
NNP condition but not the SP condition. In other words, to maximize the rate of
reinforcement in the NNP condition, participants needed to visually attend to stim-
uli. However, this was not the case in the SP condition because all trials resulted in
reinforcement. Third, probe trials did not have programmed consequences based on
accuracy of responding which the authors suggested might be necessary to achieve
transfer of stimulus control for targets taught via SP.

Fentress and Lerman (2012) found similar support for NNP when the effective-
ness and efficiency of NNP was compared to most-to-least (MTL) prompting on
acquisition and maintenance of a variety of basic skills for four participants with
autism spectrum disorder. MTL prompting is a near-errorless learning strategy,
where instruction is paired with a controlling prompt and the intrusiveness of the
prompt is gradually faded (Libby et al. 2008). Performance was compared using an
alternating treatments design nested in a multiple baseline design across item pairs.
On average, students met mastery criteria faster using NNP. However, fewer errors
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were made and maintenance of skills was better for skills taught in the MTL condi-
tion (Fentress and Lerman 2012). The researchers suggested increased opportunities
to respond accounted for the relative effectiveness of NNP in promoting skill acqui-
sition, but suggested the same factor may have accounted for poorer maintenance of
performance relative to MTL.

In a more recent study, Leaf et al. (2014a, b) compared the effectiveness and effi-
ciency of MTL prompting to an error-correction procedure on the acquisition and
maintenance of stating names of Muppet or comic book characters for two students
with autism spectrum disorder. The error-correction procedure used in this study
was similar to RR. In this study, contingent on an error, the researchers modeled the
correct response and required participants to engage in one remedial trial (compared
to multiple remedial trials in most RR research). This study employed an adapted
alternating treatment design nested in a multiple probe design across item pairs.
Results suggested error-correction was slightly more effective and efficient than
MTL prompting.

When flexible prompt fading (i.e., a prompting technique that relies on teach-
ers’ judgment to decide to prompt a student and type of prompt to implement) was
compared to error-correction procedures for teaching children with autism spectrum
disorder to state names of Muppet characters, results indicated both teaching proce-
dures were effective. However, flexible prompt fading was more efficient in terms of
total number of trials and sessions, as well as total amount of time for participants to
learn all targeted skills (Leaf et al. 2014b).

While it is important to understand how aspects of DTI differentially contribute
to the effectiveness of skill acquisition, it is equally important to understand the effi-
ciency of those aspects. Instructional efficiency can be computed by examining the
number of trials or sessions to mastery, the total amount of time needed for mas-
tery, as well as the number of errors made until mastery. For the comparison stud-
ies listed above when looking at sessions and trials to mastery, three of the four
studies (Fentress and Lerman 2012; Leaf et al. 2010, 2014a, b) support the use of
error-correction procedures over prompting strategies, with the exception of flexible
prompt fading compared to error-correction (Leaf et al. 2014a, b). Additional data
are needed to understand the efficiency of aspects of DTI when used with typically
developing students.

The Current Study

The purpose of this study was to compare RR to SP on the acquisition and maintenance
of multiplication facts among typically developing students. Research indicates both
RR and SP promote acquisition and maintenance of a variety of skills when evaluated
in isolation. Research directly comparing prompting and error-correction procedures
has generally supported the relative effectiveness and efficiency of error-correction pro-
cedures; however, more comparison research is needed. There are a number of vari-
ations to prompting and error-correction used in research and practice and their rela-
tive effectiveness and efficiency are unknown. RR and SP have not previously been
compared. While one might expect both to lead to skill acquisition, it is unclear which
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would be more efficient. Relying exclusively on SP could hinder skill acquisition for
reasons discussed by Leaf et al. (2010), yielding less efficient skill acquisition. On the
other hand, relying exclusively on RR, which allows students to make errors, could hin-
der skill acquisition by leading to additional errors or disruptive behavior (Leaf et al.
2014a, b). This study was undertaken to answer the following research questions:

1. Is RR or SP more effective in promoting multiplication fact acquisition and main-
tenance among typically developing elementary school students? This will be
evaluated by determining whether participants met the mastery criterion for item
sets.

2. Is RR or SP more efficient in promoting multiplication fact acquisition and
maintenance among typically developing elementary school students? This will
be evaluated by determining which procedure led to mastery in fewer sessions,
errors, and seconds.

Method
Participants and Setting

Potential participants were identified via performance on a single-skill multiplication
math fact curriculum-based measurement (CBM) probe. Consultation with teachers
helped the team identify final participants. Participants were three 9-year-old females
in the 3rd grade attending a rural elementary school in the Midwestern region of the
USA. All participants were Caucasian. Anna, Bailey, and Rachel answered 4, 7, and 15
digits correct per minute, respectively. This is well below the instructional criteria of
24-49 digits correct per minute for 3rd graders (Burns et al. 2006). Participants did not
receive free or reduced lunch, or have documented or observed intellectual disabilities
Or sensory impairments.

The participants’ school served 574 K-5th grade students. The student population
of the school was 89% Caucasian and 34% were eligible for the federal free or reduced
price lunch. Approximately 79% of the students scored in the proficient range on the
most recent state test in mathematics. School psychology graduate students conducted
probe and instructional sessions in a private room. Sessions were video recorded to per-
mit a second observer to assess interobserver agreement (IOA) and procedural integ-
rity. Parent consent and student assent were documented, and procedures were carried
out in accordance with the second author’s Institutional Review Board.

Materials
Pretesting
Participants were pretested with 126 multiplication facts (0X0 through 12x12).

Instructors presented multiplication facts printed vertically on 3”X5" index cards
in a random order. To identify multiplication facts as unknowns in the acquisition

@ Springer



J Behav Educ (2018) 27:358-374 363

phase (Haring and Eaton 1978), participants were given 4 s to respond and had two
opportunities. Other studies allow 2 s to respond and a single opportunity (e.g.,
Burns 2005). Facts answered incorrectly on both trials were considered unknown.
The facts with the smaller multiplicand from facts from the same family (e.g., 2X6
and 6 x2) were removed from the list of unknowns to limit practice effects or car-
ryover. Leftover facts were used to construct training stimuli. Bailey, Anna, and
Rachel had 34, 28, and 26 unknowns, respectively.

Training Stimuli

Three sets of training stimuli were created (Sets A, B, and C). Twenty-four unknown
facts were taught during instructional sessions in order to have an equal number of
unknowns in each set and in each condition for all participants. There were eight
multiplication facts in each item set. Four facts in each item set were assigned to the
RR condition and four were assigned to the SP condition. To obtain final 24 training
stimuli, X0 and X 1 facts, and X 12 and x 11 facts with larger factors were removed.
Facts were randomly assigned to Sets A, B, and C, and then systematically assigned
to RR or SP. During systematic assignment, X 10, X 11, and X 12 facts, and squared
facts (e.g., 6 X 6) were equally distributed across conditions.

Response Measurement

Instructors collected data on correct and incorrect responses on probe trials and
instructional trials. Correct responding was defined as accurately stating the answer
to the multiplication fact within 3 s of the experimenter presenting the flashcard
(e.g., when presented with 4 X6 the participant stated “24” within 3 s). Incorrect
responses were recorded if the participant stated an inaccurate response or did not
respond within 3 s. The primary-dependent variable in this study was percent of tri-
als correct on probe trials of multiplication facts across baseline, intervention, and
maintenance conditions. Participants were considered to have mastered a set of mul-
tiplication facts in either the RR or SP condition after he or she responded correctly
to 100% of the probe trials across three consecutive probe sessions. A discontinue
criterion was predetermined in the case participants mastered facts taught under one
condition (RR or SP) but not another. Upon mastering facts taught under one condi-
tion, the corresponding facts remained in the intervention phase for three additional
sessions. At this point, the intervention phase was discontinued to prevent spending
time on an ineffective teaching procedure and detracting from classroom time (Leaf
et al. 2014a, b). To collect data on the efficiency of these procedures, the number of
sessions, the number of errors, and seconds to meeting the mastery criterion for each
set were also recorded.

Procedure

Data were collected for an average of 3.57 days per week for about 10 weeks for
each participant, except during the school district’s spring break. After facts were
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mastered or the discontinue criterion was met for facts in all sets, data were col-
lected one to two times per week for an additional 4 weeks. Following the collec-
tion of baseline data via full probe sessions, each day of intervention began with
a probe session to assess participant performance independent of the two teaching
procedures compared in the study. This was followed by a short break. Following
the break, the first of two instructional sessions began. The sequence of instructional
sessions was randomly determined each day using a coin flip before the start of the
intervention. A new coin flip occurred each day to determine which instructional
session was presented first. A short break was provided between the two instruc-
tional sessions.

Probe Trials

Probe trials were used throughout the study to assess performance on facts not yet
introduced in intervention (baseline), those currently being taught (intervention),
and those already mastered by participants (maintenance). Probe trials allowed par-
ticipants to demonstrate responses independent of the two teaching procedures com-
pared in this study. During probe trials, researchers presented the training stimuli on
3" % 5" flashcards for 3 s. Researchers did not read the problem, and there were no
programmed consequences based on accuracy of responses during probe sessions.
Probe trials were deployed within full probe sessions and daily probe sessions,
though they were implemented identically across session types. Full probe sessions
and daily probe sessions varied only in the number of sets of training stimuli pre-
sented to participants.

Full Probe Sessions

Full probe sessions assessed all training stimuli (N=24) across Sets A, B, and C.
Full probe sessions allowed the researchers to assess performance on facts not yet
introduced in intervention (baseline), those currently being taught (intervention),
and those already mastered by participants (maintenance) simultaneously. Full
probe sessions were administered if: all item sets were in baseline, a phase change
was being considered because student performance was approaching the discontinue
or mastery criterion, or if it was the initial session of the week. Researchers admin-
istered three blocks of 8 probe trials (Sets A, B, C). Participants were first presented
with the 8 facts assigned to Set A in a random order. Identical procedures continued
for facts assigned to Sets B and C. In all, there were 24 probe trials per full probe
session. Data from full probe sessions are apparent in the figures when there are
graphed data for all three item sets for a session.

Daily Probe Sessions
Daily probe sessions assessed training stimuli (n=38) currently being taught. There
were 8 probe trials per daily probe session. Data from daily probe sessions are

apparent in the figures when there are graphed data only for the item set currently in
the intervention phase.
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Instructional Trials

Following a day’s probe session, instructional trials were used to teach the train-
ing stimuli in the intervention phase (n=38). To encourage acquisition of unknown
facts, both conditions were exposed daily. Unlike probe trials, researchers read the
problem and there were programmed consequences based on accuracy of responses.
There were 24 instructional trials per day, in sum. The four facts in each condition
were presented in random order in three blocks for 12 trials. Instructional trials were
deployed within the RR and SP conditions described in more detail below.

RR

After ensuring participants were attending by making eye contact, instructors intro-
duced this condition by stating, “For these facts, I will read the problem and you will
have a chance to answer it on your own. If you answer incorrectly, that’s okay. I will
give you the correct answer then ask you to read the problem and answer five times.”
The instructor exposed the first flash card, read the problem, and waited up to 3 s for
the participant to respond. Verbal praise was contingent on correct responses, and an
RR procedure was contingent on incorrect responses. After an incorrect response,
the instructor delivered an instructional no (e.g., “No.” or “Try again.”) in a neutral
tone and modeled the correct response. Next, the instructor asked the participant
to recite the multiplication fact and its correct answer five times. Five repetitions
were selected to be consistent with other studies of response repetition (Worsdell
et al. 2005; Reynolds et al. 2016). The instructor continued to expose the flashcard
throughout the RR procedure.

SP

Prior to presenting trials, instructors ensured participants were attending by mak-
ing eye contact and said, “For these facts, I will first read the problem and give you
the answer. Then I will read the problem and ask you to provide the answer on your
own.” The instructor exposed the first flash card, read the problem, and immediately
stated the correct response. The instructor then continued to expose the flash card,
reread the problem, and waited up to 3 s for the participant to respond. Verbal praise
was contingent on each correct response. Incorrect responses were ignored.

Reliability and Procedural Integrity

A second researcher watched session video recordings to conduct interobserver
agreement (IOA; 35% of sessions) over the full and daily probes and procedural
integrity (28% of sessions). The second researcher determined whether a participant
responded correctly or incorrectly to individual trials presented during the probe ses-
sions. During a full probe session, there were 24 trials that were compared. During a
daily probe session, there were 8 trials that were compared. IOA data were collected
on a trial-by-trial basis and was calculated by dividing the number of agreements by
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the number of agreements plus disagreements and multiplying by 100. An agree-
ment was defined as both researchers indicating that a response was correct or incor-
rect. A disagreement was defined as one researcher indicating a response was cor-
rect and the second researcher indicated a response was incorrect, or vice versa. The
average IOA across participants and sessions was 97% (88—100%).

A 24-item checklist was completed to collect procedural integrity data. A second
researcher observed recorded sessions and indicated whether each item was imple-
mented as intended on an item-by item basis. The percentage of items implemented
correctly was calculated for each session. The average integrity across participants
was 99% (89-100%).

Experimental Design

This intervention nested an adapted alternating treatments design into a multiple
probe design (Leaf et al. 2014a, b). Because training stimuli were taught in sets, this
design necessitates two special considerations. First, as described above, we system-
atically equated the difficulty of the facts assigned to the two conditions within each
set. Second, as noted above, a discontinue criterion was predetermined in the case
participants mastered facts taught under one condition (RR or SP) but not another.

Results

Figures 1, 2 and 3 show the results from probe sessions for the three participants.
Table 1 indicates efficiency data on sessions, errors, and seconds to meeting the
discontinue or mastery criteria. Figure 1 shows results for Bailey. During baseline,
while correct responding ranged from 0 to 50%, there did not appear to be system-
atic differences in correct responding between conditions nor was there a discerna-
ble trend toward mastery of facts. Correct responding increased from baseline levels
when intervention was implemented across item sets and conditions. Bailey met the
mastery criterion for facts in the RR condition for all item sets. She met the mastery
criterion for facts in the SP condition only for Set B. The discontinue criterion was
met for Sets A and C. For Bailey, RR was the more effective teaching procedure. For
Set B, as indicated in Table 1, Bailey met the mastery criterion for facts assigned to
RR in three fewer sessions than those in the SP condition. However, she made fewer
errors and spent less time learning facts assigned to the SP condition. During main-
tenance, average correct responding was 48% in the RR condition and 64% in the SP
condition. This result was surprising given Bailey did not meet the mastery criterion
for two sets in the SP condition. Bailey did not appear to consistently maintain facts
acquired in the intervention phase.

Anna’s results are shown in Fig. 2. Correct responding ranged from 0 to 25%
during probe sessions across conditions and item sets during baseline. There did
not appear to be systematic differences in correct responding between conditions.
Further, there was no trend toward mastery of facts. Correct responding increased
upon introduction of the intervention across item sets and conditions. Anna met the
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Fig. 1 Percentage of probe trials correct for Bailey

mastery criterion for facts in both conditions for all item sets. Table 1 indicates she
met the mastery criterion for facts in the RR condition one session sooner than those
in the SP condition for each item set. Thus, for Anna, while both procedures were
effective, RR was slightly more efficient in terms of sessions to mastery. On the
other hand, SP was more efficient in terms of errors and seconds to mastery. During
maintenance, average correct responding was 78% in the RR condition and 63% in
the SP condition. Except for facts in Set A, Anna appeared to consistently main-
tain facts acquired during the intervention phase. Correct responding for facts in Set
A was characterized by initial maintenance, followed by sharp declines, and finally
recovery toward the end of data collection.

Figure 3 shows results for Rachel. During baseline, Rachel answered between
0 and 50% of probe trials correctly across conditions and item sets. For Set A,
correct responding remained at 0% across conditions. However, for Sets B and
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C, correct responding was typically higher for facts assigned to the RR con-
ditions. Despite this difference, there did not appear to be a discernable trend
toward mastery in either condition. Correct responding increased from baseline
levels when intervention was implemented, except for facts assigned to SP in
Set C. Rachel met the mastery criterion for facts in the RR condition for all item
sets. She met the discontinue criterion for facts in the SP condition for all item
sets. For Rachel, RR was more effective than SP. During maintenance, average
correct responding was 84% in the RR condition and 25% in the SP condition,
which is unsurprising given she met the discontinue criterion for facts in the
SP condition for all item sets. Rachel appeared to consistently maintain facts
acquired during the intervention phase.
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Discussion

This study compared the effectiveness and efficiency of RR to SP on multiplication
fact acquisition and maintenance among three typically developing 3rd grade stu-
dents. Results indicated that correct responding increased upon intervention imple-
mentation for all participants. Effectiveness of the two procedures was compared on
whether participants met the mastery criterion for facts assigned to each condition
for each item set. RR was an effective procedure for all participants. SP was effective
for one participant. Bailey failed to meet the mastery criterion for facts assigned to
SP for two item sets. Rachel, similarly, failed to meet the mastery criterion for facts
assigned to SP for all item sets. When both procedures were effective within a given
item set, efficiency of the two procedures was compared on sessions to mastery,
errors to mastery, and time to mastery. RR was more efficient in terms of sessions
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Table 1 Efficiency data Participant  Item set  Sessionsto Errorsto  Seconds to

criterion/ criterion/  criterion/dis-
discontinue discon- continue
tinue
SP RR SP RR SP RR
Bailey A 8% 5 0+ 8 624* 471
B 20 17 0 28 1189 1394
C 11* 8 0* 6 664* 471
Anna A 11 10 0 10 1084 1241
B 12 11 0o 22 876 1103
C 10 9 0 10 644 725
Rachel A 16* 13 0* 29 1209* 1340
B 12¢ 9 0* 15 820* 739
C 8% 5 0* 4 S511*% 297

Values with an asterisk indicate facts assigned to an item set and
condition were not mastered, i.e., the participant met the discontinue
criterion. Thus, comparisons across conditions should not be made

to mastery, but SP was associated with fewer errors and less time to mastery. Cor-
rect responding during the maintenance phase was variable, but participants usually
maintained facts mastered in the intervention phase to some extent.

Consistent with other studies (Reynolds et al. 2016; Worsdell et al. 2005), the
current investigation supports the use of RR for skill acquisition. The current inves-
tigation extends the literature by showing that an error-correction procedure (RR)
was, in general, more effective than a near-errorless learning strategy (SP) for skill
acquisition in typically developing students. This was surprising given SP has been
effective in teaching a variety of skills to learners with and without disabilities.
However, this is not the first study where SP was ineffective for teaching discrete
skills. Leaf et al. (2010), for example, showed that three participants with autism
spectrum disorder failed to master at least some skills taught via SP and mastered all
skills taught via NNP.

There are two important themes to discuss based on this study’s results. First,
hypotheses should be explored for why SP did not lead to skill acquisition for two of
three participants. Second, why, in this study, was RR generally more effective than
SP? Perhaps the simplest explanation for why two participants did not acquire skills
taught via SP was procedural. Participants were not provided enough time to meet
the mastery criterion for facts in SP. Except for Set C for Rachel, correct responding
clearly increased from baseline levels on other item sets taught via SP that were not
mastered. Our discontinue criterion was consistent with previous research, but we
might have considered adjusting it based on participant performance.

It is also important to consider conceptual differences between RR and SP that
might have partially accounted for differences in effectiveness. There are at least
four conceptual factors that might account for differences in effectiveness. First, in
SP, each instructional trial resulted in reinforcement because participants did not
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make any errors (Leaf et al. 2010). In RR, however, consequences differed based
on accuracy of responding. Importantly, incorrect responses led to contingent error-
correction. Previous research shows error-correction may promote skill acquisition
by incorporating additional practice under relevant stimulus conditions and/or func-
tioning as an aversive stimulus in the context of an avoidance contingency (Rodgers
and Iwata 1991; Worsdell et al. 2005). This factor may have accounted for some of
the differences in performance across conditions in the current study.

Second, as noted by Leaf et al. (2010), error-correction procedures (e.g., NNP or
RR) may have been more effective than near-errorless procedures (e.g., SP) because
they necessitate attending to visual components of the discriminative stimulus to
maximize the rate of reinforcement during instructional trials. In the current study,
during instructional trials, participants needed to attend to both the auditory (i.e.,
the instructor reading the math fact) and visual (i.e., the written math fact) com-
ponents of the discriminative stimulus in the RR condition only. In the SP condi-
tion, participants could attend solely to the auditory component of the discriminative
stimulus and access reinforcement on every trial in the SP condition. This may have
caused reduced response effort in SP (i.e., participants not attending to the visual
component of the discriminative stimulus), which may have, in turn, affected the
subsequent transfer of stimulus control during probe sessions, where the auditory
component of the discriminative stimulus was not presented.

Third, one advantage of RR is the additional opportunities to correctly respond
under the appropriate stimulus conditions, and increased opportunities to respond
increases learning (Belfiore et al. 1995; Szadokierski and Burns 2008). In the cur-
rent investigation, students had to recite the multiplication fact five times contingent
on an error. Given all students made errors, this provided substantially more oppor-
tunities to respond to each fact in the RR condition compared to those facts in the SP
condition. Like previous comparative studies, this appears to be one mechanism by
which error-correction is relatively more effective and efficient than prompting pro-
cedures (Leaf et al. 2010; Fentress and Lerman 2012). Future comparative studies
might attempt to keep opportunities to respond in each condition similar.

Finally, SP might have been less effective compared to other studies because there
were no consequences for incorrect responding during the probe trials. A wide range
of error responses during probe sessions have been documented (MacFarland-Smith
et al. 1993; Singleton et al. 1995). Other studies that have investigated SP (Akmano-
glu and Batu 2004) provided praise for correct responses and no consequence for
incorrect responses during probe trials. Future investigations may consider incorpo-
rating consequences based on accuracy in probe trials to enhance transfer of stimu-
lus control.

This study had several limitations. First, the present results do not include infor-
mation regarding how many additional SP teaching trials would be required to meet
mastery criterion.

Though correct responding increased compared to baseline for all participants,
it is unknown how many additional sessions would have been needed for Bailey to
master facts assigned to SP in Sets A and C and Rachel to master all facts assigned to
SP. The discontinue criterion was established to be consistent with previous research
and implemented to prevent spending unfruitful time on an ineffective teaching
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procedure and detracting from classroom time (Leaf et al. 2014a, b). Because two
of three participants did not meet the mastery criterion for all facts assigned to the
SP condition, we could not compare the efficiency of RR and SP to the extent we
had hoped. Second, this study lacked social validity data. No data were collected on
students’ preferences for the RR or SP strategy. Without this information, we could
not explore whether the students’ preference for one of the two strategies was related
to effectiveness. Third, we failed to use an assessment to determine whether a less
intrusive prompt functioned as a controlling prompt. Finally, as a limitation inherent
in adapted alternating treatment designs, it is possible that the items in a set were
more difficult in one condition over the other.

Further research is needed comparing near-errorless to error-correction proce-
dures in teaching skills to learners with and without disabilities to provide infor-
mation on the effectiveness and efficiency of these two approaches. Given the lim-
ited research in this area, there are a number of procedures that might be compared.
Based on the results of the current study, it might be useful to compare a near-error-
less procedure that incorporates differential consequences (e.g., progressive time
delay) to various, possible less intensive and intrusive, error-correction strategies. In
addition, some researchers have shown error-correction procedures can evoke inter-
fering behaviors and argued instructors should rely on near-errorless strategies for
this reason (Weeks and Gaylord-Ross 1981). This argument is sensible; however,
anecdotally there did not appear to be differences in interfering behaviors across
conditions in the current study. Despite this, there is very little empirical data show-
ing learners exhibit more interfering behaviors when learning skills via near-error-
less procedures as compared to error-correction procedures. Future research might
code interfering behavior of participants learning skills in each of these conditions
to provide insight into this question.
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