
Vostanis, Athanasios, Padden, Ciara, McTiernan, Aoife and Langdon, Peter 
E. (2021) Comparing the Minimum Celeration Line and the Beat Your Personal 
Best Goal-Setting Approaches During the Mathematical Practice of Students 
Diagnosed with Autism.  Journal of Behavioral Education . ISSN 1053-0819. 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/86815/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.1007/s10864-021-09432-7

This document version
Publisher pdf

DOI for this version

Licence for this version
CC BY (Attribution)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/86815/
https://doi.org/10.1007/s10864-021-09432-7
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


Vol.:(0123456789)

Journal of Behavioral Education
https://doi.org/10.1007/s10864-021-09432-7

1 3

ORIGINAL PAPER

Comparing the Minimum Celeration Line and the Beat 
Your Personal Best Goal‑Setting Approaches During 
the Mathematical Practice of Students Diagnosed 
with Autism

Athanasios Vostanis1   · Ciara Padden1   · Aoife McTiernan2 · 
Peter E. Langdon3,4 

Accepted: 1 February 2021 
© The Author(s) 2021

Abstract
This study compared two goal-setting approaches found in the Precision Teaching 
literature, namely the minimum celeration line and the beat your personal best dur-
ing the mathematical practice of three male students diagnosed with autism, aged 
8–9. An adapted alternating treatments design with a control condition was embed-
ded in a concurrent multiple baseline across participants design. Each approach was 
randomly allocated to either the multiplication/division (×÷) table of 18 or 19, while 
no approach was allocated to the ×÷14 table that acted as a control. Instruction uti-
lized number families and consisted of (a) untimed practice, (b) frequency-building, 
(c) performance criteria, (d) graphing, and (e) a token economy. Upon practice com-
pletion, an assessment of maintenance, endurance, stability, and application (MESA) 
was conducted. Participants improved with both conditions and maintained their 
performance well, while improvements with the control condition were weak. The 
beat your personal best approach was highlighted as slightly more effective in terms 
of average performance and more efficient in terms of timings needed to achieve 
criterion. No differences were identified in terms of learning rate (i.e., celeration) 
or performance on the MESA. More research is warranted to identify which goal-
setting procedure is more appropriate for students in special education.

Keywords  Precision teaching · Standard celeration chart · Frequency-building · 
Special education · Number family
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Introduction

Mathematics is a core academic skill that has been receiving increasing attention 
in special education (Browder et  al. 2008; Hart Barnett and Cleary 2015; King 
et al. 2016; Lemons et al. 2015). Despite the increase in focus, students in spe-
cial education are reported to perform below the expected performance standards. 
Specifically, 50% of students in the fourth grade and 32% of students in the eighth 
grade, identified as having a disability, were reported to perform at or above the 
basic standards of performance in the USA (National Center for Educational Sta-
tistics 2019a, b). Similar results have been reported in the UK for students identi-
fied as having special educational needs. Specifically, only 33% assessed at the 
end of Key Stage 1 (a phase of school education for children aged 5–7 years old) 
and 22% assessed at the end of Key Stage 2 (a phase of school education for 
children aged 7–11 years old) were reported to meet the basic standards of perfor-
mance (Department for Education 2019a, b).

Therefore, there is a need for evidence-based approaches to help students achieve 
the expected outcomes of performance. One approach that could prove beneficial 
is that of Precision Teaching that focuses on precisely defining, measuring, record-
ing, and analyzing behavior change across time (Kubina and Yurich 2012; Evans 
et al. 2021). Precision Teaching is a system combining different strategies and tac-
tics as part of its framework. First, behavior is pinpointed by using movement cycles 
that include an action verb and an object (e.g., Writes digit or Says word). Move-
ment cycles are repeatable while also having a discrete beginning and end (Johnston 
et  al. 2019). That way, Precision Teachers can precisely measure each response’s 
occurrence even if it is emitted in high rates. For example, one would score each 
occurrence of saying a word during an observation period. Second, the modality 
of instruction is specified by identifying the learning channels utilized. For exam-
ple, when a student Sees a math fact and Says the answer, the learning channel set 
is pinpointed as See–Say. Third, goal-setting is employed by gradually increasing 
performance expectations. Fourth, ultimate performance criteria are specified as a 
range (e.g., 80–100 correct answers per minute). Fifth, sensitive progress monitor-
ing is conducted through (a) the use of dimensional measures of behavior (e.g., fre-
quency or rate), (b) a standard visual display called the standard celeration chart, 
and (c) behavioral metrics such as celeration. The standard celeration chart offers 
a series of benefits such as straight trend lines and a proportional view of behav-
ior change. Behavioral metrics quantify all aspects of behavior change across time, 
such as variability, trend, and immediacy of effect (Calkin 2005; Kubina and Yurich 
2012). Precision Teaching, as a measurement system, allows practitioners to engage 
in a data-based evaluation of students’ performance change across time and engage 
in recursive problem solving when learning is unsuccessful (Kubina et  al. 2002; 
Lindsley 1992). In terms of practice, frequency-building to a performance criterion 
is employed, which involves timed practice and performance feedback (Kubina and 
Yurich 2012). Frequency-building to a performance criterion has emerged from the 
field of Precision Teaching; however, it is not an essential component of the system. 
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In other words, you can do Precision Teaching without necessarily engaging in fre-
quency-building activities.

Precision Teaching and its components have produced positive outcomes in 
various areas such as reading (Cavallini et  al. 2010; Hughes et  al. 2007; O’Brien 
et  al. 2018), writing (Datchuk et  al. 2015; Datchuk and Kubina 2014) and math-
ematics (Chiesa and Robertson 2000; McTiernan et al. 2016; Vostanis et al. 2020). 
One component, however, that has not been evaluated thoroughly is the goal-setting 
procedures utilized within a Precision Teaching framework. From a behavior ana-
lytic point of view, goal-setting procedures operate on two levels. On the antecedent 
level, they act as an establishing operation, increasing the value of reinforcement 
(i.e., value-altering effect) and evoking behaviors associated with gaining access to 
reinforcement (i.e., behavior-altering effect). Specifically, setting goals increases the 
value of achieving the specified goal, and it also evokes behaviors associated with 
accessing reinforcement, such as engaging in the task. On a consequent level, goal-
setting approaches can act as reinforcement systems. Specifically, if reinforcement 
is delivered only contingent on meeting specified goals, then goals act as reinforce-
ment criteria. As for goal achievement, it can produce automatic reinforcement, act 
as a discriminative stimulus for external reinforcement, or both.

Despite their prominent role in Precision Teaching, a review by Doughty et  al. 
(2004) has highlighted that only 22% of the studies reported the reinforcement sys-
tem they utilized. The most well-documented goal-setting approach in Precision 
Teaching is the minimum celeration line (MCL) or celeration aim line used within 
the model of generative instruction described by Johnson and Street (2013). In that 
model, two visual displays, the timings chart and the daily per minute chart, are pri-
marily used to guide instruction. Specifically, based on the baseline measures of per-
formance, teachers plot a celeration line on a ×2 trajectory that guides students to 
increase their performance by doubling it every week. For example, if a student is 
performing at ten correct responses on Monday, they will be expected to perform 
at 20 correct responses the following Monday, something that the celeration line 
would highlight on the chart. The timings chart is used to evaluate within-session 
performance, and the daily chart is used to evaluate across-sessions performance. 
Both visual displays are necessary as they are used in combination to help stu-
dents achieve the expected weekly growth of performance. This approach has been 
reported to lead to significant gains in academic performance (Johnson and Street 
2012) (Fig. 1).

Another goal-setting approach that has been mentioned in the literature is known 
as beat your personal best (BPB) or simply personal best (Ginns et al. 2018; Mar-
tin and Elliot 2016; Yu and Martin 2014). In this approach, performance expec-
tations are increased by the minimum amount possible, for example, one more 
response than the previous best score. This approach has also been reported to lead 
to improved outcomes. In a recent study, Ginns et al. (2018) compared the effects 
of the personal best procedure versus no goal-setting during a mathematical flu-
ency-building activity with students aged 10–12 years old. The study demonstrated 
increased gains for students in the goal-setting condition. This approach has been 
implemented both within and outside the field of Precision Teaching but has been 
minimally documented in the Precision Teaching literature. Specifically, Brosnan 
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et al. (2018) conducted a study evaluating Precision Teaching as a Tier 2 interven-
tion for improving foundational reading skills with at-risk kindergarten students. 
In the study, they used the minimum celeration line as their primary goal-setting 
approach, but they did also utilize the beat your personal best approach as an addi-
tional tactic when the instruction was unsuccessful (Fig. 2).

Examining these two approaches, it is evident that despite their focus on increas-
ing performance, they have two critical differences. First, when using MCL, the 
focus is upon manipulating learning as the primary variable, while when BPB is 

Example of the minimum celeration line approach on the timings and daily per minute chart
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Fig. 1   Example of the minimum celeration line approach on the timings and daily per minute chart. Note. 
The graph on the left is an adapted version of the timings chart. The graph on the right is an adapted 
version of the daily per minute chart. The dots represent correct responses and the crosses incorrect 
responses. The gray trend lines represent the minimum celeration line. The open square on the timings 
chart is the goal box pinpointing the day’s performance goal. The gray band on the daily chart shows the 
ultimate performance criteria set, which are expressed as a range
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used, the focus is upon manipulating performance. The distinction between learning 
and performance is considered critical in Precision Teaching. Learning refers to the 
student’s speed of behavior change across time and is measured through celeration 
(Lindsley 2000). Performance refers to the student’s behavior at a specific point in 
time, for example, during an examination and is measured through frequency (Lind-
sley 2000). Second, when using MCL, behavior change across time is calculated 
using multiplication, for example, from 2 to 8 responses per minute; as such, the 

Example of the beat your personal best approach on the timings and daily per minute chart
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Fig. 2   Example of the beat your personal best approach on the timings and daily per minute chart. Note. 
The graph on the left is an adapted version of the timings chart. The graph on the right is an adapted 
version of the daily per minute chart. The dots represent correct responses and the crosses incorrect 
responses. With the BPB approach, the number of correct responses is written above each datum point 
and the daily goal is written above the goal box, which is pinpointing the day’s performance goal. The 
gray band on the daily chart shows the ultimate performance criteria set, which are expressed as a range
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weekly growth criterion is one that promotes a doubling of performance. When 
using BPB, behavior change across time is determined using addition, for exam-
ple, from two to four responses per minute; as such, the criterion is one that pro-
motes a minimum increase relative to the previous best performance. Thus, the two 
approaches are distinct in their conceptualization and clinical application.

Due to the differences between the two approaches, more information is war-
ranted regarding their application and effectiveness, especially since goal-setting is 
an essential component of Precision Teaching. To that end, this study aimed to com-
pare the MCL approach and the BPB approach and examine whether they produced 
different outcomes in terms of participants’ performance (i.e., frequency) and learn-
ing (i.e., celeration) during mathematical practice.

Methods

Participants and Setting

Three male students with English as their first language participated in the study. 
Alfred was 9 years and 6 months old; Nick was 8 years and 8 months old; and Gavin 
was 9 years and 5 months old. Pseudonyms were used. All students had a diagnosis 
of an autism spectrum disorder (ASD) and were issued an Educational Health Care 
Plan that provided information about their diagnosis, level of ability, and needs. 
Alfred and Nick were Caucasian, and Gavin was mixed race.

Participants’ performance on two mathematical assessments highlighted that they 
were of different mathematical abilities (see Table 1). Alfred’s score on the Test of 
Early Mathematics Ability-3 (TEMA-3; Ginsburg and Baroody 2003) suggests that 
he had mastered basic addition and subtraction, but not basic multiplication (divi-
sion is not assessed in TEMA-3). What is more, his performance on the Test of 
Mathematical Abilities-3rd Edition (TOMA-3; Brown et al. 2013) was below aver-
age. Nick’s performance on TEMA-3 suggests that he had mastered basic addition, 
subtraction, and multiplication, while his performance on TOMA-3 was average. 
Finally, Gavin’s performance on TEMA-3 also suggests that he had mastered basic 
addition, subtraction, and multiplication, while his performance on TOMA-3 was 

Table 1   Data regarding participants’ mathematical abilities, adaptive behavior, and autistic traits

Note: TEMA-3 Test of early mathematical ability-3rd edition; TOMA-3 test of mathematical abilities-3rd 
edition; VABS-II TRF Vineland adaptive behavior scales-II teacher rating form; GARS-2 Gilliam autism 
rating scale-2nd edition. Standard score on VABS-II excludes the motor domain. TEMA raw scores, 
instead of standard scores, are reported as participants were above the age range of administration

Participants TEMA-3 TOMA-3 VABS-II TRF GARS-2
Raw scores Maths ability index Composite score Autism index

Alfred 51 81 92 85
Nick 66 106 94 81
Gavin 63 118 87 79
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above average. Before the study commenced, participants had received instruction 
in all basic mathematical procedures, including addition, subtraction, multiplication, 
and division, as part of their educational provision. They were reported, by their 
teacher, as fluent with the easier multiplication tables, but not with the more com-
plex ones or with the division tables.

The study was conducted at the participants’ school in England, providing spe-
cial education services for students aged 3–19 years. The curriculum includes self-
help, vocational, social, and academic skills. Sessions took place in a 3 × 3 m room, 
equipped with a camera, a desk, two chairs, and two storage cupboards with all the 
necessary resources.

Eligibility Criteria

For inclusion in the study, students needed to have (a) a diagnosis of ASD, (b) com-
pleted at least 50/72 items of the TEMA-3, (c) participated in at least one week of 
formal lessons on multiplication and division, (d) not exhibited challenging behavior 
that would hinder engagement with the instructional procedures. The last three cri-
teria were applied to ensure that students would successfully participate in all the 
study stages. The study received a favorable ethical opinion from the University of 
Kent ethics committee. Participants were invited and asked to agree to take part in 
the study following parental consent to include them.

Materials

Assessment Tools

Along with the TEMA-3, which was used to help determine inclusion, a series of 
standardized assessments was used descriptively to provide more information on 
general ability. TEMA-3 is a 72-item test measuring an individual’s mathematical 
ability, including (a) counting proficiency, (b) cardinality, (c) number comparison 
facility, and (d) elementary arithmetic (Libertus et al. 2013). Its administration lasts 
approximately 40 min, and the internal consistency has been reported to be between 
0.94–0.96 and the test–retest reliability to be between 0.82–0.93 (Ginsburg and 
Baroody 2003).

The TOMA-3 is a 145-item test assessing (a) mathematical symbols and con-
cepts, (b) computation, (c) mathematics in everyday life, (d) word problems, and 
(e) the attitude toward maths (supplemental). Its administration lasts approximately 
90 min, and internal consistency was reported at 0.96, while test–retest reliability 
was reported to be 0.89, with the exception of the mathematics for everyday life sub-
test with 0.73 (Brown et al. 2013). This tool provided additional information on the 
participants’ mathematical abilities.

The Vineland Adaptive Behavior Scales-II Teacher Rating Form (VABS-
II TRF; Sparrow et  al. 2005) is a 233-item scale measuring adaptive behavior. It 
includes four domains related to adaptive behavior, namely (a) communication, (b) 
daily living skills, (c) socialization, and (d) motor skills, and produces an adaptive 
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behavior composite. Administration lasts approximately 20 min, and standard scores 
are available for the domain and composite scores. Internal consistency has been 
reported at 0.98, while test-retest realibility of the adaptive behavior composite has 
been reported at 0.91 (Sparrow et al. 2005).

The Gilliam Autism Rating Scale-2nd Edition (GARS-2; Gilliam 2006) is a 
42-item scale measuring the severity of symptoms related to ASD. It contains three 
behavioral subscales tailored around the Diagnostic and Statistical Manual of Men-
tal Disorders fourth edition (DSM-IV) and an early developmental history subscale. 
The four subscales’ internal consistency has been reported at 0.94 on average, while 
test–retest reliability of the total score at 0.88 (Gilliam 2006). VABS-II TRF and 
GARS-2 provided, respectively, information on the participants’ adaptive behavior 
and symptoms related to ASD.

General Classroom Materials

Participant materials were stored in ring binders sized 21 × 29.7 cm. Pencils, eras-
ers, notebooks, and digital timers were used. A laminated ‘class-shop’ catalog, sized 
21 × 29.7  cm, was created with pages in portrait orientation and a 28 Times New 
Roman font with a picture in the middle of each page, sized 13 × 15 cm, showing 
each available item or activity. Finally, a points’ board was made in portrait orienta-
tion with a Times New Roman 12 font and a 6 × 6 grid.

A datasheet, a timings graph, and a daily graph were constructed. The datasheet 
had a 10 × 10 table divided into five vertical sections each for one day of the week. 
Each section was divided into two columns (i.e., corrects–incorrects) with five rows, 
one for each timing. The datasheet also included areas to record the set-criterion 
timings as well as performance across all relevant testing procedures. Participants 
were not asked to record how many facts they skipped, to reduce the complexity of 
the practice; however, we collected data on skipped facts by simply counting their 
number on each recording sheet (skipped facts are not presented in Fig. 3, to reduce 
the complexity of the graph).

For the timings graph, the x-axis represented the timings completed each day. The 
axis was divided into five days and allowed participants to graph up to five tim-
ings per day. At the end of each week, the graph was replaced with a new one. For 
the daily graph, the x-axis represented school days (i.e., Monday to Friday) and was 
replaced with a new one every four weeks. Both graphs had a logarithmic y-axis. 
Graphs were constructed based on the timings and daily standard celeration charts 
(Calkin 2005) but were simplified for ease of use. The datasheets and graphs associ-
ated with the MCL approach were always printed in color, and the datasheets and 
graphs associated with the BPB approach were always printed in black and white, to 
optimize discrimination between the two approaches.

Materials for Mathematical Practice

All worksheets were created using Microsoft Excel™ and Microsoft Word™. For 
the untimed practice, we created a laminated page, sized 21 × 29.7  cm, that had 
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Participants’ Performance with the MCL and BPB Approaches
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Fig. 3   Participants’ performance with the MCL and BPB approaches. Note. The control condition is also 
plotted on the graph. Incorrect digits and skipped facts are not presented to reduce the complexity of the 
graph. The effect size (NAP) is presented on the right of the graph. Confidence intervals were set at 90%. 
The assessment of endurance, stability, and application is presented as one condition. Maintenance was 
assessed after the completion of practice. Data were collected on incorrect responses and skips, but they 
were not plotted on the graph, to simplify the visual analysis
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four 1 × 5 tables, 5 cm in height, and 11 cm in width. On the top row, we wrote the 
three numbers that could create a number family (e.g., 18, 2, 36), and the partici-
pants wrote all four possible combinations in the remaining rows (i.e., 18 × 2 = 36, 
2 × 18 = 36, 36 ÷ 2 = 18, 36 ÷ 18 = 2).

For the timed practice and specifically number writing, the worksheet was in 
landscape orientation and had eight blank rows at a 2.0 distance per page, resem-
bling the lined paper of a notebook, for a total of 15 pages. For the number fami-
lies, worksheets were in portrait orientation. Multiplication and division facts were 
aligned to the left and presented horizontally, in an Arial 20 black font, with blank 
space on the right for participants to write their answers. Each page had ten facts, 
presented in random order, and each worksheet had 35 pages in total, to ensure that 
no artificial ceilings would affect participants’ performance. Finally, for the Applica-
tion assessment, a separate worksheet was created through www.thema​thwor​kshee​
tsite​.com. That worksheet was in portrait orientation and had 30 multiplication and 
division facts per page, for a total of ten pages, presented vertically and in random 
order.

Dependent Variable

Two mathematical skills were assessed: a basic skill (i.e., number writing) and a 
complex skill (i.e., multiplication/division). Number writing was pinpointed as 
‘Free1-Writes number 0–9 in ascending sequence and with the correct formation on 
the worksheet.’ The dependent variable was the correct and incorrect written digits 
per minute. Digits were scored as correct if they were written in the appropriate 
sequence (e.g., 0, 1, 2, 3) and with correct number formation (e.g., fully formed 
and within the lines). Performance criteria were not set for number writing as it 
was only assessed. Readers should note, however, that the criterion for that skill is 
130–160, correctly formed, digits per minute (Johnson and Street 2013). This skill 
was assessed as it is an essential skill underlying many mathematical skills.

Multiplication/division was pinpointed as ‘See-Writes number of multiplication 
or division fact presented in random order on the worksheet.’ The dependent vari-
able was the correct and incorrect written digits per minute, while we also recorded 
the skipped facts per minute. Number formation was not assessed for the multiplica-
tion/division skill. Performance criteria were set at a frequency of 80–100 correct 
digits per minute (Johnson and Street 2013). This range was highlighted with a yel-
low marker on their daily graph so that participants were consistently aware of the 
expectations in terms of their ultimate performance.

Four multiplication/division tables: ×÷13, ×÷14, ×÷18, ×÷19, were chosen as 
participants had never practiced them. Out of the four tables, two were ultimately 
targeted for practice and one acted as a control. Specifically, ×÷18 and ×÷19 were 
chosen for practice as they were considered of equal difficulty based on the fact that 
they had an equal number of digits per multiplication fact, while ×÷14 was chosen as 

1  Free is another word for Think. We use the word Free, as thinking is free from our observation.

http://www.themathworksheetsite.com
http://www.themathworksheetsite.com
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a control based on participants’ low baseline performance. To make practice easier 
for participants, we separated tables 18 and 19 into smaller parts called slices. Each 
table (i.e., ×÷18 and ×÷19) consisted of two slices and a review slice. Slices 1 and 2 
included four number families, creating 16 combinations each. Slice 1 included fam-
ilies ranging from ×÷2 to ×÷5 (e.g., 18 × 2 = 36 or 90 ÷ 5 = 18), and slice 2 included 
families ranging from ×÷6 to ×÷9 (e.g., 18 × 6 = 108 or 144 ÷ 18 = 8). Finally, the 
review slice included all eight number families, creating 32 combinations, and rang-
ing from ×÷2 to ×÷9.

Procedure

Research Design

An adapted alternating treatments design with a control condition (Cariveau et al. 
2020) was embedded in a concurrent multiple baseline across participants design 
(Carr 2005). The order of practice was alternated each day randomly, and the control 
condition was probed three times a week.

Two goal-setting approaches were compared, namely the MCL approach and the 
BPB approach. The MCL approach set weekly celeration expectations that partici-
pants had to meet. Specifically, participants were expected to double their perfor-
mance from Monday to Friday following a ×2 celeration. The BPB approach set 
expectations based on participants’ previous best score. In this case, participants 
were expected to increase their performance by one more digit than their previous 
best score. We randomly assigned each approach either to the ×÷18 or ×÷19 mul-
tiplication/division tables via an online dice roller (https​://www.rando​m.org). That 
way, participants would practice each table with a specific approach. Alfred used the 
MCL approach with ×÷19 and the BPB approach with ×÷18. Nick and Gavin used 
the MCL approach with ×÷18 and the BPB approach with ×÷19. Finally, the ×÷14 
table was assigned as a control condition with no goal-setting procedure associated 
with it.

Baseline

During the study, participants did not receive practice on multiplication and division 
as their teacher focused on other aspects of the curriculum, such as counting, units 
of measurement, or telling the time. During baseline, participants were provided 
with one 30 s timing for each skill and were told to perform to their natural pace 
until they hear the sound of the timer; no instruction or feedback was provided. For 
number writing, baseline data were collected for five days across two weeks for all 
participants. For multiplication/division, baseline data were collected in a staggered 
fashion following the experimental design. Specifically, Alfred’s performance was 
assessed for 5 successive school days, Nick’s for 9 days, and Gavin’s for 15 days.

https://www.random.org
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Instruction

The lesson was delivered, on a 1:1 format, by an experienced Board-Certified 
Behavior Analyst (BCBA). Throughout the session, the instructor was present deliv-
ering instruction, praise, corrective feedback, and points depending on performance. 
Corrective feedback during untimed practice included saying the correct answer 
and asking the participants to write it down before proceeding to the next multipli-
cation/division fact. Corrective feedback during timed practice was provided after 
the timing was completed in the form of saying the correct answer to the partici-
pants. Points were delivered only during the sessions with the instructor, for engag-
ing in untimed practice, timed practice, data collection, and graphing on a variable 
schedule of reinforcement (VR3). Thus, reinforcement was contingent on engaging 
with all the practice components. Therefore, in some cases, participants acquired 
the backup reinforcer despite not having met the performance criterion of the day. 
That decision was made to keep participants motivated throughout the course of the 
study. When participants met their daily criterion, they received additional praise 
and two or three additional points. Overall, participants managed to acquire enough 
points to access the backup reinforcer in all of the sessions.

For clarity, we will report the common features of both goal-setting approaches 
and then each one’s unique features. At the beginning of each week, participants 
engaged in two consecutive set-criterion timings that lasted 30  s each. Once both 
timings were completed, the instructor calculated the performance criteria, and par-
ticipants started their daily practice that included an untimed element and a timed 
element. At the early stages of the study, the instructor modeled both the timed 
and untimed activities and provided additional guidance to students that was faded 
out over time. During the untimed practice, participants were asked to, simultane-
ously, write and say all possible multiplication and division combinations of each 
number family for a total of four families. For example, participants were provided 
with numbers 18, 2, 36 (which is one number family) and then had to write and say 
each possible combination. Participants were expected to practice with four number 
families because slices 1 and 2 had four number families each. In the review slice, 
where all eight number families were included, participants practiced them in ran-
dom order. Once they completed a round of untimed practice, they engaged in one 
30 s timing and subsequently wrote their correct and incorrect digits on their data-
sheet and graphed their performance on the timings graph. This process, of untimed 
and timed practice, was repeated until participants either met their daily criterion 
or completed five timings. At the end of their practice, participants graphed their 
best score of the day on the daily graph. Upon completion of their daily practice, 
participants exchanged their points for a preferred activity or item from the class 
shop catalog. The catalog included things such as board games, the iPad, Legos, 
and playing football on the playground. Practice on each slice lasted 10 days for a 
total of 30 days. The effectiveness of this multicomponent intervention was moni-
tored through the use of Precision Teaching and specifically the use of pinpoints that 
combined movement cycles and learning channels, as well as the use of the standard 
celeration chart and behavioral metrics.
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Minimum Celeration Line Approach

Despite the common features presented above, each goal-setting approach also 
had unique features in setting performance criteria and graphing. For the MCL 
approach, the daily criteria were calculated for the whole week using Microsoft 
Excel™ based on a × 2 celeration. In terms of graphing, we used the goal box and 
the minimum celeration line. We drew the goal box on each day’s last line, on the 
timings graph, to show participants what their daily criterion was (see Fig.  1). 
Once participants graphed the day’s first timing, we connected that datum point 
with the goal box. That way, participants could see the minimum celeration line, 
which showed them what their performance’s trajectory should be for them to 
meet their daily criterion. Participants were told that their performance should 
stay on or above the minimum celeration line. If participants did not meet their 
daily criterion, they still had to increase their performance to meet the next day’s 
criterion that had already been determined.

Beat Your Personal Best Approach

Contrary to the MCL approach, performance criteria were calculated daily with 
the BPB approach by increasing the previous day’s best score. In terms of graph-
ing, the score of each timing and the goal box was used. Specifically, participants 
graphed their performance by plotting each datum point on the timings graph and 
writing their score above it. This approach also used the goal box to show partici-
pants their daily criterion. The difference was that no data points were connected 
to the goal box and that we wrote the criterion number above the goal box. Also, 
participants wrote their score above each datum point on the daily graph (see 
Fig. 2). If participants did not meet their criterion for the day, it stayed the same 
for the next day. That way, we avoided participants dropping their performance on 
purpose to decrease the next day’s criterion.

Assessment of Mastery

When participants completed their practice with the review slice, their performance 
was assessed for the by-products of fluency through the test of maintenance, endur-
ance, stability, and application (MESA). Following the guidelines from Fabrizio and 
Moors (2003), endurance was assessed by asking participants to complete a 90 s tim-
ing three times longer in duration than their typical timing. Stability was assessed by 
asking participants to complete a 30 s timing in the presence of distracting stimuli. 
During this assessment, music played on the iPad, and we also said random numbers 
to the participants for the whole duration of the timing. The third assessment was 
that of application. For this assessment, participants completed a 30 s timing with 
an untaught worksheet, which was in a different format than their typical worksheet. 
This assessed the application of skills to novel materials. Finally, maintenance was 



	 Journal of Behavioral Education

1 3

assessed on weeks 1, 2, 10, 11 and 12 after the practice was concluded. Participants 
were asked to engage in two 30 s timings, to account for the lack of practice during 
this phase of the study. That way, participants had the opportunity to engage in a 
warm-up timing allowing a more accurate evaluation of their performance.

Absence Protocol

From the outset of the study, a protocol was in place to account for any school 
absence due to illness or other reasons. If participants missed one or two days 
of practice, then on their return to school, they engaged in one or two double 
sessions accordingly (e.g., morning and afternoon) to catch up. If participants 
missed three days of school, then they restarted their weekly practice once they 
were available. Alfred and Nick did 4 double sessions, and Gavin did 3. The prac-
tice was restarted only once for Nick when he was practicing slice 1.

Interobserver Agreement

Interobserver agreement was calculated for all participants and across all phases 
of the study for M = 36% (range, 35.5–38%), of the total number of sessions. A 
BCBA with over ten years of experience independently scored video recordings 
of the sessions. The agreement was calculated in a two-step manner. First, agree-
ment on correct digits, incorrect digits, and skipped facts was calculated sepa-
rately by dividing the smaller by the larger number and then multiplying by 100. 
The three percentages were then added together and divided by three to produce 
the overall agreement for each skill. This process was repeated for each phase of 
the study (i.e., baseline, practice, and maintenance). The overall average agree-
ment was calculated by adding the score of each phase and dividing it by three. 
The average agreement for Alfred was 97% (range, 93–100%), for Nick 88% 
(range, 82–100%), and for Gavin 94% (range, 87–100%).

Procedural Fidelity

Procedural fidelity was assessed for all participants and across all phases of the 
study for M = 36% (range, 35.5–38%), of the total number of sessions, by the same 
BCBA that collected data on IOA. The baseline checklist included 11 steps, the 
intervention checklist included 14 steps, and the maintenance checklist included 
six steps. The intervention checklist included the same number of steps for both 
the MCL and BPB approaches as both procedures followed the same sequence of 
untimed practice, timed practice, graphing on the timings graph, and graphing on 
the daily graph. The BCBA scored each checklist by writing yes or no for each 
step. Procedural fidelity was 100% across all participants and all phases of the 
study.
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Social Validity

At the end of the study, participants were given a questionnaire (see Appendix) 
that included 20 open-ended questions about all aspects of their training (e.g., 
‘how do you feel about graphing your scores?’). Thirteen questions had a scale 
from 1 to 10 with an unhappy face to the left of number 1 and a happy face to the 
right of number 10. The happy/unhappy faces were used to help participants dis-
criminate how the scale works. There were also five questions with two options, 
and students had to circle one of them (e.g., Yes/No or Easy/Hard). Finally, two 
open-ended questions required an answer from the participants (e.g., what was 
your favorite part of the practice?). Before participants were left to answer the 
questionnaire, the instructor said:

There are some questions on this paper about our practice together. I want you 
to circle you answer. I want you to read the question out loud, and if there is some-
thing you did not like, you go toward number 1. The closer you are to number 1, it 
means that you really did not like something. If there is something you liked, you go 
toward number 10. The closer you are to number 10, it means that you really liked 
something. If you circle number five, it means that you did not mind. For some other 
questions, you will have two choices, and you will need to circle one. Finally, there 
are some questions that you need to write your own answer.

The instructor was present during the process to provide additional clarification 
but minimized their interaction to avoid affecting the way participants answered the 
questions.

Data Analysis

Data were plotted using an online software named PrecisionX, which provided 
the standard celeration chart for visual analysis and calculated a series of behav-
ioral metrics. PrecisionX was used only by the researchers as the students used 
paper graphs. Primary metrics utilized were level, celeration, and the level change 
multiplier. The level shows the average performance of the individual across time. 
The geometric mean was calculated as it is more appropriate for data plotted on the 
standard celeration chart, and it is less affected by extreme variables (Clark-Carter 
2005). Celeration (i.e., (count/unit of time)/unit of time) is a frequency-derived 
measure quantifying students’ learning rate across time. Celeration can be calcu-
lated across days, weeks, months, or even years. In this study, the daily celeration 
was calculated during baseline and practice, and the weekly celeration was calcu-
lated during maintenance as performance was assessed across weeks, not days. The 
level change multiplier produces a ratio showing how much average performance 
changed from one phase to another (e.g., baseline to intervention). The ratio was cal-
culated by dividing the highest number by the lowest number and then assigning the 
multiplication (×) or division (÷) sign to indicate an increase or decrease in average 
performance across time (Kubina and Yurich 2012). However, all the ratios could be 
transformed into percentages. For example, a ×2 weekly celeration increase would 
indicate an increase of 100% per week, while a ÷2 celeration decrease would show 



	 Journal of Behavioral Education

1 3

a 50% reduction in performance. For ease of interpretation, all ratios were trans-
formed into percentages.

In addition to these metrics, the Non-Overlap of All Pairs (NAP) was used to 
calculate the effect of each goal-setting approach on participants’ performance. The 
NAP is an appropriate effect size measure for single-case research with high correla-
tions with the R2 effect size index (Parker and Vannest 2009). The NAP was calcu-
lated only for participants’ correct digits by comparing the data from the baseline 
condition to the data from the maintenance condition. This process was conducted 
for each goal-setting approach separately. Effect sizes were interpreted following the 
guidelines by Parker and Vannest (2009). Specifically, weak effects ranged from 0 to 
0.65, moderate effects ranged from 0.66 to 0.92, and strong effects ranged from 0.93 
to 1.0.

Results

Number Writing

For the basic skill of writing numbers from 0 to 9 with correct number formation, 
Alfred wrote, on average, 40 correct and 12 incorrect digits per minute across the 
five days of baseline. Nick wrote 63 correct and 18 incorrect digits per minute, and 
Gavin wrote 57 correct and 25 incorrect digits per minute. These results show that 
participants were not performing within the expected range of frequencies.

Multiplication/Division

Duration of Sessions

Participants practiced daily, from Monday to Friday, for a total of 30 days. Alfred 
practiced for an average of 39 min (range, 22–60 min), Nick practiced for an average 
of 30 min (range, 15–72 min), and Gavin practiced for an average of 39 min (range, 
22–73 min). Session duration included practice with both goal-setting approaches 
and, where relevant, the control condition. Duration varied across all six weeks as 
in some cases participants managed to achieve their daily criterion after engaging in 
one timing, while in other cases, they needed to complete all five timings.

Alfred

During baseline with the MCL approach, Alfred had a mean average of ten correct 
digits (corrects), 0 incorrect digits (incorrects), and 36 skipped facts (skips) per min-
ute (see Fig. 3, top panel). In the review slice, his performance increased to a mean 
average of 81 corrects with no incorrects or skips. During maintenance, he had a 
mean average of 63 corrects with no incorrects or skips. During baseline, corrects 
accelerated by 596%, incorrects were stable, and skips decelerated by 36%. In the 
review slice, corrects accelerated by 14% while incorrects and skips were stable. 
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During maintenance, corrects decelerated by 17%, incorrects accelerated by 48% 
while skips were stable.

During baseline with the BPB approach, Alfred had a mean average of eight 
corrects, 0 incorrects, and 26 skips per minute (see Fig.  3, top panel). In the 
review slice, his performance increased to a mean average of 76 corrects with 
no incorrects or skips. During maintenance, he had a mean average of 63 cor-
rects with no incorrects or skips. During baseline, corrects accelerated by 379%, 
incorrects were stable, and skips accelerated by 126%. In the review slice, cor-
rects accelerated by 12%, while incorrects and skips were stable. During mainte-
nance, corrects decelerated by 14% while incorrects and skips were stable.

During baseline with the control condition (i.e., ×÷14), Alfred had a mean 
average of six corrects, 0 incorrects, and 25 skips per minute (see Fig.  3, top 
panel). During the weekly assessments, conducted three days per week, his per-
formance increased to a mean average of 29 corrects, two incorrects, and three 
skips. During maintenance, he had a mean average of 30 corrects, no incorrects, 
and 13 skips. During baseline, his corrects accelerated by 1900%, his incorrects 
were stable, and his skips accelerated by 16%. During the weekly assessments, 
corrects accelerated by 13%, incorrects accelerated by 2%, and skips decelerated 
by 26%. During maintenance, corrects accelerated by 14%, incorrects acceler-
ated by 66%, and skips decelerated by 60%.

Nick

During baseline with the MCL approach, Nick had a mean average of nine cor-
rects, 0 incorrects, and 22 skips per minute (see Fig.  3, middle panel). In the 
review slice, his performance increased to 92 corrects with 0 incorrects and 0 
skips per minute. During maintenance, he had a mean average of 77 corrects, 
with 0 incorrects, and 0 skips. During baseline, corrects accelerated by 38%, 
incorrects decelerated by 19%, and skips accelerated by 44%. In the review slice, 
corrects accelerated by 11%, incorrects accelerated by 13% while skips were sta-
ble. During maintenance, corrects decelerated by 5% while incorrects and skips 
were stable.

During baseline with the BPB approach, Nick had a mean average of seven 
corrects, 0 incorrects, and 21 skips per minute (see Fig.  3, middle panel). In 
the review slice, his performance increased to a mean average of 90 corrects, 
with no incorrects or skips. During maintenance, he had a mean average of 
84 corrects, with no incorrects or skips. During baseline, corrects accelerated 
by 186%, incorrects decelerated by 25%, and skips accelerated by 50%. In the 
review slice, corrects accelerated by 20%, while incorrects and skips were sta-
ble. During maintenance, corrects decelerated by 8%, incorrects and skips were 
stable.

During baseline with the control condition, Nick had a mean average of 13 
corrects, 0 incorrects, and 15 skips per minute (see Fig. 3, middle panel). Dur-
ing the weekly assessments, he had a mean average of 25 corrects, two incorrect, 
and three skips. During maintenance, he had a mean average of 35 corrects, two 
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incorrects, and 0 skips. During baseline, corrects decelerated by 5%, incorrects 
were stable, while skips accelerated by 46%. During the weekly assessments, 
corrects accelerated by 6%, incorrects accelerated by 20%, and skips decelerated 
by 37%. During maintenance, corrects decelerated by 25%, incorrects deceler-
ated by 10%, and skips accelerated by 62%.

Gavin

During baseline with the MCL approach, Gavin had a mean average of ten cor-
rects, two incorrects, and ten skips per minute (see Fig. 3, bottom panel). In the 
review slice, his performance increased to a mean average of 68 corrects, with no 
incorrects or skips. During maintenance, he had a mean average of 34 corrects, 
with two incorrects and two skips. During baseline, Gavin’s corrects accelerated 
by 104%, incorrects accelerated by 9%, while skips decelerated by 6%. In the 
review slice, corrects accelerated by 35%, while incorrects and skips were stable. 
During maintenance, corrects decelerated by 39%, incorrects accelerated by 80%, 
and skips accelerated by 43%.

During baseline with the BBC approach, Gavin had a mean average of ten cor-
rects, 0 incorrects, and 11 skips per minute (see Fig.  3, bottom panel). In the 
review slice, his performance increased to a mean average of 60 corrects with no 
incorrects or skips. During maintenance, he had a mean average of 46 corrects 
with no incorrect digits or skips. During baseline, corrects accelerated by 193%, 
incorrects decelerated by 27%, and skips decelerated by 32%. In the review slice, 
corrects accelerated by 62%, incorrects, and skips were stable. During mainte-
nance, corrects decelerated by 8%, incorrects accelerated by 48%, and skips were 
stable.

During baseline with the control condition, Gavin had a mean average of 12 
corrects, 0 incorrects, and 12 skips per minute (see Fig. 3, bottom panel). Dur-
ing the weekly assessments, he had a mean average of 16 corrects, two incor-
rects, and three skips. During maintenance, he had a mean average of ten cor-
rects, five incorrects, and two skips. During baseline, corrects accelerated by 
71%, incorrects decelerated by 23%, and skips decelerated by 11%. During the 
weekly assessments, corrects decelerated by 10%, incorrects accelerated by 23%, 
and skips decelerated by 12%. During maintenance, corrects accelerated by 1%, 
incorrects decelerated by 74%, and skips accelerated by 205%.

Overall Change

With the MCL approach, Alfred’s average performance increased by 530% from 
baseline to maintenance, producing a strong effect size of 1.00 (see Fig.  3, top 
panel). With the BPB approach, his average performance increased by 688%, 
producing an effect size of 1.00. With the MCL approach, Nick’s average per-
formance increased by 756%, producing an effect size of 1.00. With the BPB 
approach, his average performance increased by 1100%, producing an effect size 
of 1.00 (see Fig. 3, middle panel). With the MCL approach, Gavin’s performance 
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increased by 240%, producing an effect size of 0.92 (i.e., moderate). With the 
BPB approach, his average performance increased by 360%, producing an effect 
size of 1.00 (see Fig. 3, bottom panel). Examining the effect sizes, we identified a 
difference only for Gavin as the MCL approach produced a moderate effect size, 
while the BPB approach produced a strong effect size.

Celeration Values and Number of Timings

To further compare the two approaches, we calculated the average celeration, 
of correct digits, across the three slices. Alfred’s corrects accelerated by 41% 
(range: 14–84%) with the MCL approach and by 23% (range: 12–36%) with the 
BPB approach. Nick’s corrects accelerated by 28% (range: 7–66%) with the MCL 
approach and 37% (range: 20–46%) with the BPB approach, Gavin’s corrects accel-
erated by 46% (range: 29–73%) with the MCL approach and 45% (range: 34–62%) 
with the BPB approach.

To evaluate which approach required participants to engage in more timings-
to-criterion, we counted the days that participants needed more timings with one 
approach over the other (see Fig. 4). For Alfred, the MCL approach required more 
timings for 13 days, the BPB approach for 8 days, while both approaches required 
the same number of timings for 9  days. For Nick, both the MCL and the BPB 
approach required more timings for 7 days, while both approaches required the same 
number of timings for 16 days. For Gavin, the MCL approach required more timings 
for 14 days, the BPB approach for 5 days, while both approaches required the same 
number of timings for 11 days. We also compared the percentage of sessions during 
which participants completed all five timings. Alfred completed all five timings in 
53.30% of the MCL sessions versus 33.33% of the BPB sessions. Nick completed all 
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five timings in 10% of the MCL sessions versus 6.66% of the BPB sessions. Gavin 
completed all five timings in 36.66% of the MCL sessions versus 20% of the BPB 
sessions. Finally, we calculated the total number of timings completed with each 
approach (see Fig. 5). Alfred completed 119 timings with the MCL approach versus 
102 with the BPB. Nick completed 71 with the MCL approach versus 69 with the 
BPB. Gavin completed 104 with the MCL approach versus 86 with the BPB.

Comparison of Criteria

The criteria set with each approach were compared to evaluate whether one 
approach set higher criteria than the other. Alfred had higher criteria with the MCL 
approach in 63.3% of the practice sessions, and with the BPB approach in 33.3% of 
the practice sessions, while the criteria were the same in 3.3% of the sessions. Nick 
had higher criteria with the BPB approach in 60% of the practice sessions, and with 
the MCL approach in 40% of the practice sessions. Gavin had higher criteria with 
the MCL approach in 73.33% of the practice sessions, and with the BPB approach in 
23.33% of the sessions, while the criteria were the same for 3.33% of the sessions.

We also examined the first and last performance criteria set with each approach. 
With the MCL approach, Alfred’s first criterion was set at ten correct digits per min-
ute, while his final criterion, six weeks later, was set at 70 per minute. With the BPB 
approach, his first criterion was set at 11 correct per minute, while his final criterion 
was set at 43 per minute. With the MCL approach, Nick’s first criterion was set at 
25 correct digits per minute, while his final criterion was set at 54 per minute. With 
the BPB approach, his first criterion was set at 17 correct digits per minute, while 
his final criterion was set at 52 per minute. With the MCL approach, Gavin’s first 
criterion was set at ten correct digits per minute, while his final criterion was set at 
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52 per minute. With the BPB approach, his first criterion was set at 21 correct digits 
per minute, while his final criterion was set at 40 per minute.

Finally, we evaluated the number of days, out of a total of 30, that participants 
met criterion with each goal-setting approach. Alfred met the daily performance 
criterion in 16 days with the MCL approach and 22 days with the BPB approach. 
Nick met the daily criterion in 27 days with the MCL approach, and in 28 days with 
the BPB approach. Finally, Gavin met the daily criterion in 23 days, with the MCL 
approach, and 29 days with the BPB approach.

Social Validity

Alfred rated the practice as hard; in terms of goal-setting, he preferred the BPB 
approach, and in terms of graphing, he preferred the MCL approach. When asked 
which one he would like to use next time, he chose the BPB approach. Nick rated 
the practice as easy; in terms of goal-setting, he preferred the MCL approach, and in 
terms of graphing the BPB approach. When asked which one he would like to use 
next time, he chose the MCL approach. Gavin rated the practice as hard; in terms 
of goal-setting, he preferred the MCL approach, and in terms of graphing the BPB 
approach. When asked which one he would like to use next time, he chose the BPB 
approach.

Discussion

This study aimed to compare two goal-setting approaches that have been utilized in 
Precision Teaching, namely the minimum celeration line and beat your personal best 
approach. Students made improvements with high effect sizes with both approaches, 
while improvements with the control condition were weak. Therefore, this study 
adds further evidence, as requested by (Ramey et  al. 2016), that Precision Teach-
ing can be an effective educational framework for students with developmental dis-
abilities. What is more, the results of the study support the recommendations made 
by Kubina and Wolfe (2005) on utilizing educational models that focus not only on 
acquisition but also fluency.

Overall, the differences between the two approaches were minimal in terms of 
the participants’ performance and learning rate. A closer examination, however, sug-
gests that the BPB approach led to a greater overall improvement in performance, as 
evidenced by the level change multiplier, which was higher for the BPB approach 
across all participants. This fact is also evident when examining Gavin’s effect size 
results that were slightly better for the BPB approach. Regarding the participants’ 
learning rate (i.e., celeration), the results were mixed. The MCL produced steeper 
celerations for Alfred, but the BPB produced steeper celerations for Nick while there 
was no meaningful difference for Gavin. In addition to the previous comparisons, 
we also examined performance during the assessment of mastery (i.e., MESA), and 
we did not see any differences between the two conditions. Overall, more research is 
warranted if we are to understand better how the goal-setting procedures employed 
in Precision Teaching affect performance and learning. Based on our current results, 
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it seems that performance with each approach might be affected by idiosyncratic fac-
tors. First, a close examination of the social validity outcomes shows that all partici-
pants expressed their preference, albeit mixed, in terms of the way their goals were 
set, and the data were graphed. This fact suggests that preference might have affected 
participants’ performance, a factor that needs to be investigated more in the future. 
Second, the private verbal behavior produced by participants might have been differ-
ent with each goal-setting procedure. If participants perceived one approach as more 
demanding than the other, it could have acted as an establishing operation evoking 
negative private verbal statements such as ‘I will never get it,’ which could have 
subsequently affected performance (Assaz et al. 2018; Friman et al. 1998). During 
the study, participants did make similar public statements when they considered the 
goals to be high. Although these public statements were infrequent, they do suggest 
that this hypothesis might hold merit. This hypothesis is also linked to the number 
of days that participants reached their daily criterion with each approach. Based on 
our results, participants met their daily criterion with the BPB approach more often. 
Although reinforcement was not provided only for reaching the daily performance 
criterion, it could have affected how participants perceived each approach. In other 
words, the higher performance criteria set with the MCL approach might have led 
participants to consider it more difficult than the BPB approach, which would have 
subsequently affected their private verbal behavior.

Focusing on efficiency, it seems that the BPB approach is the more efficient of 
the two. Participants needed to engage in fewer timings-to-criterion with the BPB 
approach. This was evidenced in three ways, first by calculating the number of days 
where each approach needed more timings that the other, which was lower for the 
BPB approach for Alfred and Gavin while being exactly the same for Nick. Second, 
by calculating the percentage of sessions where participants needed to complete all 
five timings, which was lower for the BPB approach across all participants. Third, 
by calculating the total number of timings conducted with each approach, which was 
lower for the BPB approach across all participants. This finding is not surprising 
considering the difference between the performance criteria set with each approach. 
Specifically, a comparison of all criteria highlighted that they were higher with the 
MCL approach for two out of three participants. Also, a comparison between the 
criteria set on the first day of practice to the criteria set on the last day revealed that 
they were higher with the MCL approach for all participants. Additionally, the num-
ber of days that students met criterion was lower with the MCL approach. In other 
words, the MCL approach generally set higher criteria for students, which resulted 
in a lower number of criteria met compared to the BPB approach. This finding is 
noteworthy as setting higher performance criteria with the MCL approach did not 
lead to higher performance. On the contrary, the minor differences in overall perfor-
mance were in favor of the BPB approach.

The way participants’ performance increased confirms Lindsley’s (1992) obser-
vation that behavior increases in a multiplicative manner. In other words, by engag-
ing in frequency-building to a performance criterion, performance is going to multi-
ply in a manner that resembles a logarithmic pattern of growth (i.e., a rapid increase 
initially and a gradual plateauing of performance as it achieves higher frequencies). 
Based on our current results, the way performance expectations are set does not 
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seem to change that pattern. What does seem to be a crucial factor is combining 
frequency-building with graphing and a systematic increase in performance expecta-
tions. This finding also supports the point made by Doughty et al. (2004) about the 
need to analyze individual components of multicomponent interventions. Consider-
ing that the intervention in this study was multicomponent, future research should 
focus on a component analysis to evaluate each tactic’s exact role in a broader preci-
sion teaching framework. Specifically, future research should compare engaging in 
(a) frequency-building, (b) frequency-building plus graphing, (c) frequency-building 
plus graphing, and goal-setting. Such a comparison would be valuable since preci-
sion teachers have historically engaged in multicomponent interventions (Chiesa and 
Robertson 2000; Johnson and Street 2012; Lin and Kubina 2015; Lokke et al. 2008; 
Ragnarsdóttir 2007). Generally, more research is needed on goal-setting procedures, 
a fact already highlighted by Gersten et al. (2009), who conducted a meta-analysis 
of mathematical interventions and pinpointed goal-setting as a weak component. To 
that end, it would also be important to further evaluate other goal-setting procedures 
such as percentile schedules of reinforcement (Athens et al. 2007; Clark et al. 2016; 
Hall et al. 2009). This approach allows the teacher to set specific response criteria 
while controlling the density of reinforcement provided to students in a way that 
resembles the process of shaping (Galbicka 1994). Milyko (2020) has recently pro-
vided a detailed account of how percentile (or K-schedules) could be utilized within 
a Precision Teaching framework. Future research could focus on extending our study 
by comparing percentile schedules to the minimum celeration line and the beat 
your personal best approach. It would be beneficial to evaluate whether one of these 
approaches produces optimized outcomes for students.

Examining participant preference, it seems the BPB approach might be preferred 
as two participants said that they would like to use that goal-setting procedure in the 
future. Future research should not only ask participants about their preference but 
should also follow up by asking participants to engage in additional practice with 
their preferable goal-setting procedure. That way, we could confirm participants’ 
preferences more robustly.

This study also produced some other findings. First, students with a diagnosis 
of ASD can benefit from practice using number families, a method that has already 
produced successful results in mainstream education (McTiernan et al. 2018). Using 
number families in special education could be highly beneficial as this process 
‘reduces the amount of memorization needed by three-quarters’ (Johnson and Street 
2013, p. 142). Second, the number of digits the participants wrote during number 
writing assessment was lower than the number of digits they wrote while training on 
multiplication/division. This fact suggests that participants were not performing to 
the best of their ability, and they would benefit from additional practice on number 
writing. The fact that they increased their digits while practicing multiplication/divi-
sion points to spillover effects of the practice to the basic skill. We did not, however, 
assess number writing in the end to confirm our hypothesis. Nevertheless, this find-
ing highlights the importance of providing students with the opportunity to practice 
basic skills to fluency, a fact which has already been highlighted in the literature and 
is particularly relevant for clinical practice (Johnson and Layng 1992; Kostewicz 
et al. 2019; McDowell and Keenan 2001). By offering more practice opportunities, 
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students should also contact a dense schedule of reinforcement, which could also be 
an important variable in increasing their performance.

Limitations

This study had a series of limitations. First, the training we provided in this study 
was not as comprehensive as it would typically be in clinical practice. We could 
have assessed and trained a series of basic mathematical skills related to multipli-
cation/division. Second, although participants’ performance on number writing 
was pinpointed as weak, we did not offer training on that skill due to time con-
straints. Despite the lack of practice on number writing, we do not believe that this 
affected our ability to answer the research question, which focused on comparing 
performance between the two goal-setting approaches. Participants practiced with 
both approaches simultaneously, using multiplication/division tables with the same 
number of digits, and therefore of equal difficulty, while all other aspects of train-
ing remained stable across conditions. Thus, we believe the lack of training on the 
basic skill did not confound our results. Third, this study had a small number of par-
ticipants, so the results cannot be generalized to a broader population. Finally, our 
application assessment focused on the participants’ ability to generalize their per-
formance to a novel worksheet. We conducted this assessment following the guide-
lines for Fabrizio and Moors (2003). Readers should note, however, that application 
has also been defined as the ability to apply mastered skills when engaging in more 
complex skills (Kubina and Yurich, 2012; Stocker et al., 2019). We did not assess 
the latter.

Appendix

The social validity questionnaire provided to the participants at the end of the study.
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How do you feel about writing numbers 0-9?

1 2 3 4 5 6 7 8 9 10

How do you feel about writing x18 and ÷18?

1 2 3 4 5 6 7 8 9 10

How do you feel about writing x19 and ÷19?

1 2 3 4 5 6 7 8 9 10

How do you feel about going fast?

1 2 3 4 5 6 7 8 9 10

How do you feel about using a timer?

1 2 3 4 5 6 7 8 9 10

How do you feel about maths?

1 2 3 4 5 6 7 8 9 10

How good are you in maths?

1 2 3 4 5 6 7 8 9 10

How much have you improved in writing the x18 & ÷18 facts?

1 2 3 4 5 6 7 8 9 10

How much have you improved in writing the x19 & ÷19 facts?

1 2 3 4 5 6 7 8 9 10

How do you feel about graphing your scores?

1 2 3 4 5 6 7 8 9 10
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How do you feel about having a goal?

1 2 3 4 5 6 7 8 9 10

How do you feel about practicing this way?

1 2 3 4 5 6 7 8 9 10

Which type of setting a goal do you prefer?

Minimum Celera�on Line Beat Best Score

What way of graphing do you prefer?

Beat Best Score Minimum Celera�on Line

Would you like to learn more things this way?

1 2 3 4 5 6 7 8 9 10

What was the most difficult part of this practice?

What was your favourite part of this prac�ce?

Was this practice easy or hard?

Hard Easy      

Did practicing this way help you?

Yes No       

How would you like to practice next time?

Beat Best Score Minimum Celera�on Line
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