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Math to Mastery (MTM) is a multi-component math intervention that has demonstrated
effective results in building math fluency and skill acquisition. Few studies have explored the use
of brief experimental analysis (BEA) procedures to create an individualized, abbreviated MTM
intervention to address skill deficits in basic math. The purpose of this current study is to analyze
the utility of randomizing BEA procedures to effectively identify necessary mathematic
components to create a more efficient intervention that will yield the highest math gains among
participants. Researchers used an alternating treatment design with an extended analysis phase to
address basic math skills. Participants included three grade school students with difficulty across
different core math skills including addition, subtraction, multiplication, and division. Overall,
this study yielded mixed results. Results indicated an abbreviated MTM intervention was
effective for 1 out of 3 participants. Results, limitations, implications, and future research are
also discussed.
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CHAPTER I
INTRODUCTION
Approximately 7% of children and adolescents have a math learning disability, while
another 10% of children exhibit sustained low performance related to mathematics (Geary,
2011). As of 2019, more than half of fourth and eighth grades in the United States are
performing below proficiency level for mathematics (National Center for Education Statistics
[NCES], 2019). Moreover, results from state testing demonstrated 40% of twelfth graders were
below proficiency for mathematic subgroups (NCES, National Assessment of Educational
Progress [NAEP] & Educational testing Services [ETS], 2019). Currently, the largest Individuals
with Disabilities Education Act (IDEA) category, in which the greatest number of students are
receiving support services is specific learning disability (Grigorenko et al., 2020). To adequately
address an individual’s academic needs, it is important to identify interventions that will
appropriately address academic skill deficits (Fuchs et al., 2014).
An individual develops skills through a hierarchal system of learning known as the
instructional hierarchy theoretical framework (Daly et al., 1996). Students that exhibit difficulty
in skill acquisition or skill fluency, are likely to continue exhibiting deficits in subsequent
procedural fluency tasks in basic mathematic computation. Effective interventions aimed at
targeting skill acquisition typically include modeling and prompting, while interventions focused
on increasing skill fluency often contain repetition and reinforcement procedures (Daly &
Martens, 1994). Due to the high percentage of students demonstrating difficulty with
1

mathematics, evidence-based interventions are necessary to improve an individual’s academic
performance (Fuchs & Fuchs, 2001). One of the most effective and efficient ways to determine
which evidence-based intervention is best suited for an individual is by using a brief
experimental analysis (BEA).
A BEA is a rapid, alternating treatment method regularly used in single-case design
research to quickly evaluate and compare the immediate effects different variables have on a
specific behavior or skill and identify the variable that has the most significant effect on the
target skill (Martin & Gertz, 2009; McComas et al., 2009; McKevett & Codding, 2019). BEA
research often includes an extended analysis condition, in which the variable identified in the
BEA as the most effective is implemented to demonstrate continued increased performance
(Gadke & Drevon, 2020).
While traditional BEA’s include three sessions for each condition, a one trial BEA
(OTBEA) only requires one session for each condition (Andersen et al., 2013). BEAs are used as
a tool to quickly identify the most effective intervention, thus OTBEAs may be more ideal
because they are less time intensive. Research has demonstrated OTBEA are effective in parsing
out students in need of a skill-based math intervention and students in need of a performancebased intervention (Codding et al., 2004; Gilbertson et al., 2008).
Despite subtle differences traditional BEAs and OTBEAs commonly use a component
approach, in which interventions are assessed in isolation (Gadke & Drevon, 2020), or
interaction approach in which additional treatment conditions are subsequently added or
removed to identify the necessary components to ensure success for an individual student
(VanAuken et al., 2002). Using a component approach to BEA, research has shown directly
comparing mathematic interventions is an effective method to personalizing interventions based
2

on the individual’s need (Codding et al., 2009; Duhon et al., 2004; Gilbertson et al., 2008; Mong
& Mong 2012). Furthermore, research has demonstrated the usefulness of the interaction
approach to BEAs. While some research showed beginning with only an incentive-based
intervention and adding instruction to the incentive was effective in determining the best
intervention (Gilbertson et al., 2008), other studies begin with the most intrusive treatment
package and remove one component at a time to identify which intervention package is most
effective (Gortmaker et al., 2007). Although BEAs are commonly used to compare the
implementation of different interventions, previous research does not typically analyze the use of
BEAs to determine the effects of separate components within one intervention. However, that
have recently shifted, as research has started to develop an interest in multicomponent
mathematic interventions, such as math to mastery.
Emerging research on math-to-mastery (MTM), a mathematic fluency intervention
(Mong & Mong, 2010; 2012), has begun incorporating the use of BEA procedures to create an
effective and more efficient personalized, intervention for students (Everett et al., 2016;
Felchner, 2017). MTM consists of five separate components including, problem previewing,
repeated practice, corrective feedback, performance feedback, and charting/self-monitoring
(Mong & Mong, 2010).
Previous research found that MTM was an effective intervention for three elementary
students learning simple addition (Mong et al., 2012). Research also compares MTM to other
evidenced based interventions, such as cover copy compare and taped words (Mong & Mong,
2010, Mong & Mong, 2012). Across all current research studies, results indicated MTM was
effective in addressing academic concerns related to mathematic fluency.
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Although MTM is highly effective in improving math fluency, it requires a significant
amount of time to implement (Mong & Mong, 2010; 2012). To address the time related concerns
surrounding MTM, two studies used OTBEA procedures to determine the necessary components
of MTM required to create the most effective and efficient intervention showed promising results
for future use (Everett et al., 2016; Felchner, 2017). Both studies used a least to most intrusive
interaction approach, in which only one component of MTM was first implemented and
components were gradually added until MTM was implemented in its entirety. After conducting
the extended analysis phase, Everett and colleagues (2016) found that an abbreviated form of
MTM was found to be more effective for two of the three participants. Further findings showed
that for all participants the condition identified in the OTBEA continued to outperform the
control condition. Moreover, Felchner (2017) replicated Everett et al.’s (2016) study with two
participants and found similar results, in which a shortened version of MTM was beneficial in
producing math gains for one participant and the entire MTM intervention was determined more
successful for the second participant. For the other two participants, additional conditions were
implemented in the extended analysis, which included the two most effective and efficient
interventions identified in the OTBEA and the least most effective and efficient. Results for the
third participant indicated no discrepancy between the first and second most effective and
efficient conditions, however, each where an abbreviated version of MTM and outperformed the
least effective and efficient condition in the extended analysis. Results of the fourth participant
indicated MTM in its entirety outperformed all versions of abridged MTM interventions.
While previous findings demonstrate the usefulness of BEA procedures to develop
effective, shortened, individualized MTM interventions, there are some limitations to this
approach. First, previous research only employed a withdrawal and control phase to demonstrate
4

experimental control. Mathematic performance is a learned skill, thus carryover and order effects
can potentially impact performance in subsequent conditions. However, to control for possible
confounding variables, randomization of BEA conditions should be used.
Study Purpose
The purpose of this current study is to extend the previous literature on using BEA
strategies to develop an effective and efficient abridged version of MTM. This study aims to
address previous limitations by controlling for order effects within the BEA by randomizing
condition implementation. Moreover, this study will add to the previous research by analyzing
the acceptability of using an abridged MTM intervention.
Research Questions
This study seeks to investigate the following questions:
1. Will the intervention component(s) identified as the most effective and efficient in the
BEA be more effective than baseline?
2. Will the intervention component(s) identified as the most effective and efficient in the
BEA remain more effective in the extended analyses?
3. Will MTM intervention demonstrate improved short-term effects on mathematic skills
and generalize to other math probes?
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CHAPTER II
REVIEW OF THE LITERATURE
Math Learning Disabilities
With the rise of technology, mathematics is becoming increasingly more important for
daily and professional life (Mutlu, 2019). Moreover, research suggests concerns related to
mathematics may be more life-altering than reading concerns due to the need for quantitative
skills in most careers and job settings (Geary, 2013). Reports from 2019 indicate that
approximately 60% of fourth graders and 66% of eighth graders in the U.S. are performing
below the expected proficiency level for mathematics (NCES, 2019). Additionally, 40% of 12th
graders did not meet proficiency standards for mathematic subgroups for state testing (NCES,
NAEP, & ETS, 2019).
Regarding mathematics, the IDEA (2004) recognizes specific learning disability (SLD)
as a disorder affecting an individual's psychological processes involved in understanding or
using language or in performing mathematics. SLD may manifest as an inability to adequately
perform at school and can negatively impact an individual's ability to meaningfully contribute to
society. Currently, in the United States, SLD is the largest IDEA category in which students are
receiving supports through special education (Grigorenko et al., 2020). Individuals eligible for an
SLD ruling are identified as failing to meet standards set in place by the state or failing to
achieve age or grade level benchmarks in a variety of academic domains (i.e., oral expression,
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written expression, listening comprehension, reading comprehension, basic reading skills,
reading fluency, mathematic calculation, and mathematic problem solving).
Math SLD can be differentiated as difficulty with calculation or difficulty with problemsolving. To appropriately address math deficits, each math SLD category requires different types
of interventions (Fuchs et al., 2014). Thus, it is imperative to understand the hierarchy of
learning to determine how to appropriately intervene for specific mathematic skills.
Instructional Hierarchy
Many young children and adolescents present with academic concerns. There are many
interventions designed to target specific concerns and increase skills among students. However,
it is imperative to understand the conceptual and systematic nature of behavior-analytic
procedures within the instructional hierarchy to effectively address academic concerns.
The concept of instructional hierarchy (IH) theoretical framework can be traced back to
Haring and colleagues (1978), who first described IH as a progression of stages in which
learning takes place. An individual achieves mastery of a particular skill throughout each stage
of the hierarchy. IH consists of four stages including (1) acquisition, (2) fluency, (3)
generalization, and (4) adaptation. An individual's level of skill development determines their
placement within the hierarchy. Each stage has specific and tailored instructions to achieve
mastery within that level of learning (Daly & Martens, 1994). For example, instructions at the
acquisition stage require modeling and prompting, while repetition and reinforcement are
necessary to facilitate mastery for fluency. IH has influenced research addressing academic
intervention in a variety of ways, particularly focusing on student responding and how changes
in responding occur as it is strengthened (Ardoin & Daly, 2006). Moreover, IH has guided
intervention approaches by helping to establish a functional relationship between student
7

responding and teaching efforts (Ardoin & Daly, 2006). First, through instruction, a behavioral
deficit (e.g., lack of reading or math proficiency) is brought under stimulus control, and then
trained to generalize the skill to other stimuli. As a student’s responding is contingent upon
prompts and consequences, slowly student responding will gradually generalize to natural stimuli
that will evoke an appropriate behavioral response.
Within the acquisition stage, an individual learns the foundational requisites to learning a
specific skill. During this stage, instructors should deliver instruction to foster accurate
responding using modeling, prompting, error correction, and reinforcement procedures (Ardoin
& Daly, 2006; Daly et al., 1996; Haring et al., 1978). Once an individual has gained mastery at
the acquisition level, an individual will correctly engage in the target behavior, however, their
skills are not fluent. Many studies have demonstrated the effectiveness of modeling and
corrective feedback to promote a variety of acquisition skills, related to academics, across
different populations. Parker and Burns (2014) found that a modeling intervention was effective
for students with low reading accuracy (i.e., less than 93%). The implementation of modeling
procedures facilitated accuracy and sustained performance on instructional level. Moreover,
research has shown amble support for explicit instruction which is an intervention using
modeling, guided application, and corrective feedback procedures. Explicit instruction has
repeatedly demonstrated effective results in teaching skill acquisition, not only for primary
students at risk for reading difficulties but all students in the academic settings (Snow et al.,
1998). Another study analyzed the effects of explicit instruction among English-language
Learners (EL) at risk for reading difficulties (Vaughn et al., 2006). When compared to the
control groups, the students randomly assigned to the treatment groups showed a significant
increase in reading performance. When given administered the Woodcock Johnson-IV Test of
8

Achievement (WJ-IV-ACH) students receiving the explicit instruction intervention in English
performed higher on phonological awareness, word attack, word reading, and spelling, while
students receiving intervention in Spanish performed higher on phonological awareness, lettersound, letter-word identification, verbal analogies, word reading fluency, and spelling when
compared to the control group (Vaughn et al., 2006). Additionally, Cover Copy Compare (CCC)
is an intervention in which a target skill is modeled, then covered as the student copies the
correct answer from memory, and then compares the modeled answer to the student response
(Hansen, 1978; McGuigan, 1975). CCC has repeatedly demonstrated to be an effective
intervention for increasing the likelihood of correct responding for math accuracy (Codding et
al., 2006; Codding et al., 2007; Codding et al., 2009; Joseph et al., 2012; Skinner et al., 1989).
However, CCC has also shown to be a useful fluency intervention when implemented verbally
rather than written due to double the number of opportunities to respond (Skinner et al., 1991).
The second stage, fluency, implements teaching procedures that increase the rate of
responding, such as frequent repetition and overlearning procedures. Additionally, to increase the
likelihood of fluent responding, procedures such as timed trials and performance feedback are
helpful (Ardoin & Daly, 2006). As previously discussed, Parker & Burns (2014) found when
students with high levels of accurate responding (i.e., greater than 93%) were provided with a
fluency-based intervention, participants began reading at faster rates when compared to preintervention performance. Moreover, research has shown that incremental rehearsal, an explicit
strategy to teach new information and building fluency skills, is an effective intervention for
teaching novel math skills and increasing the rate of responding (Burns, 2005; Burns et al., 2019;
Codding et al., 2010; McVancel et al., 2018). Furthermore, MTM is a math fluency intervention
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that can also be used to support the acquisition of specific skills as well (Mong & Mong, 2010;
2012; Mong et al., 2012).
Once the individual can engage in fluid and accurate performance of a target skill, there
is a need to generalize the skill to a variety of settings and contexts. An individual is more likely
to generalize a skill when they are can perform it accurately and fluently (Shahan & Chase,
2002). Thus, if a student does not appropriately generalize a specific skill, it may be due to
inadequate skill acquisition or fluency. When teaching response generalization, interventions
should use schema-based instructions in which novel tasks are presented, yet reflect pre-existing
schemas (e.g., presenting math word problems requiring previously taught multiplication skills;
Fuchs et al., 2004). Previous research investigating the potential use of schema-based
interventions as an evidence-based intervention demonstrated significant results (Cook et al.,
2020; Fuchs et al., 2004; Jitendra et al., 2009; Jitendra & Hoff, 1996; Jitendra & Star, 201l;
Peltier & Vannest, 2018; Root et al., 2017).
Within the last stage, adaptation, the individual is expected to adjust and integrate the
recently mastered skill with other skills to problem-solve novel and more difficult tasks.
Individuals that display difficultly within this stage can be provided with assistance to solve
novel problems.
Commonly, intervention takes place within the first two stages of the hierarchy (i.e.,
acquisition and fluency). Because many students in the United States are performing under the
math proficiency level, teachers and staff are encouraged to implement evidence-based
interventions to effectively address math deficits among students in need of additional supports
(Fuchs & Fuchs, 2001). One effective way of personalizing intervention to an individual is by
using a BEA.
10

Brief Experimental Analysis
A specific academic skill can be targeted by many different interventions. Thus, the
individual implementing the intervention must decide which intervention will be the most
effective for a particular student. BEA is a method used in single case design to quickly assess
specific variables that have an immediate influence on a target skill or behavior (Andersen et al.,
2013; Daly et al., 1997; McComas et al., 1996; McKevett & Codding, 2019). BEA is a procedure
used to aid in data-based decision making, by evaluating the effects of multiple interventions,
and then from the group of interventions, selecting the condition that demonstrates the most
significant effects on performance (Martens & Gertz, 2009; McComas et al., 2009). It is
designed to quickly introduce and remove multiple interventions to identify which intervention
had the most immediate and significant effects on the target behavior or skill being measured.
After all the BEA conditions have been presented, a mini reversal is conducted, in which a return
to baseline phase is conducted prior to a confirmatory phase, in which the intervention condition
that illustrated the greatest improvement in performance is re-implemented (Daly et al., 1997;
McComas et al., 1996). A mini-reversal aids in controlling for measurement and performance
effects (Martens et al., 1999). To demonstrate the validity of BEAs, research exploring the use of
BEAs will often include an extended analysis phase, in which only the most effective
intervention identified in the BEA is implemented to demonstrate the intervention continued to
be more effective than the other intervention conditions and to show sustained improvement in
performance (Coolong-Chaffin & Wagner, 2015; Gadke & Drevon, 2020).
While a standard BEA consists of at least three sessions per condition, there are
alternative designs to BEA implementation (McKevett & Codding, 2019). Shortened BEA
versions, such as an OTBEA, do not require three sessions for the condition. Rather, in OTBEA
11

only one session is needed for each treatment condition (Andersen et al., 2013). Codding and
colleagues (2009) used an OTBEA to determine if student academic concerns were due to skill
or performance deficits. Results from the OTBEA showed a performance deficit for three
students and demonstrated performance-based interventions were more effective, while data for
one participant suggested skill-based interventions were more effective. The extended analysis
for each participant confirmed the initial hypothesis in the BEA. Furthermore, Gilbertson and
colleagues (2008) used an OTBEA to distinguish if a skill- or performance-based math
intervention would be more effective in increasing fluency skills among four, elementary
students. The OTBEA determined contingent reward with instruction demonstrated the most
significant effects across all four participants. Similar to the previous study discussed, the
extended analysis supported the initial findings in the BEA.
Despite the differences in designs, BEAs typically follow one of two approaches. The
first approach is known as a component approach, in which each intervention is assessed in
isolation (Gadke & Drevon, 2020). Mong and Mong (2012) demonstrated this approach when
using a BEA to compare three mathematic interventions (i.e., CCC, Taped Problems, and MTM).
After each intervention was implemented in isolation, the intervention that demonstrated the
most significant performance improvement was included in the extended analysis. The results of
the study indicated BEA procedures were useful for correctly predicting the most effective math
fluency intervention for each participant. Additionally, Duhon and colleagues (2004) used a
component approach to compare skill-based and performance-based mathematic intervention.
The results support the use of BEAs to select effective interventions.
Another method for using BEAs is the interaction approach. Within this method,
treatment components are subsequently added into later conditions to identify the components
12

necessary for intervention based on the student’s level of need (VanAuken et al., 2002). While
each component can be implemented in isolation, combining different components into an
intervention package can provide emphasis on different levels within the instructional hierarchy.
Gilbertson et al. (2008), illustrate this approach by combining two distinct interventions. During
OTBEA implementation, one condition evaluated the effects incentive-based procedures had on
math fluency, while the other condition combined these motivation procedures with instruction.
The second condition allowed for more practice opportunities with immediate error correction,
thus targeting fluency as well as acquisition. Moreover, the interaction approach can also involve
the removal of components in subsequent interventions to determine the most effective
components for intervention (Gortmaker et al., 2007). Researchers used a OTBEA to increase
reading fluency by first implementing the most intensive treatment package (i.e., repeated
reading, listening passage preview, phrase drill, syllable segmentation, and incentive), then
parsing out the interventions until the least intrusive intervention was delivered. When the results
of the OTBEA demonstrated the individual’s performance was due to a skill-based deficit, the
researchers further dissected the instructional components until only repeated reading and
listening passage preview were included. Results of the study determined two participants
performed best with the entirety of the instructional intervention (i.e., repeated reading, listening
passage preview, phrase drill, and syllable segmentation), while one participant performed better
with the instructional and incentive treatment package. Results also showed sustained
improvement among all three participants (Gortmaker et al., 2007). While BEAs are most
commonly used to compare the effectiveness between interventions, less research has analyzed
the effectiveness of using a BEA to compare intervention components within one intervention.
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However, this has slowly begun to change as emerging research has started to focus on math-tomastery, a mathematic fluency intervention.
Research analyzing BEA procedures found that when BEAs first gained traction in the
field, most interventions utilizing BEAs implemented easier conditions first, then harder
conditions (Isbill, 2016). However, there were as shift starting in 2009 in which approximately
45% of BEA studies were randomizing BEA conditions (Isbill, 2016). A reason for this shift in
approach is due to the marked increase in statistical power that randomizing procedures have
(Levin et al., 2014). To enhance internal-validity research suggests randomizing the
implementation of different intervention phases within participants as well as across participants
(Kratochwill & Levin, 2010; Levin et al., 2014). Another benefit of randomization is the
feasibility of intervention implementation as it does not require a substantial amount of time,
materials, or training (Robichaux & Gresham, 2014). Randomization strategies have been
utilized within behavioral and academic interventions (Lynch et al., 2009).
Math to Mastery
MTM is a multicomponent math intervention consisting of five separate steps including,
1) problem previewing, 2) repeated practice, 3) immediate corrective feedback, 4) performance
feedback and 5) self-monitoring/charting (Mong & Mong, 2012). During problem previewing,
the targeted math skill is modeled step-by-step by the interventionist and the student follows
along. Next, the student engages in repeated practice by completing the same set of problems
previously modeled more than once. As the student is working through the problems, the
interventionist is following along and providing immediate corrective feedback. After the student
has completed all the problems, the interventionist records the student’s score and reports their
performance to them. Finally, the student engages in self-monitoring procedures by recording
14

and charting their progress during the session (Mong & Mong, 2012). MTM is considered an
appropriate intervention for individuals with a lower instructional level or individuals at
frustrational level because it incorporates repeated practice, which is essential for increasing
automaticity for mathematics (Hasselbring et al., 1988; Mong & Mong, 2012)
Previous research implemented MTM for eight weeks and evaluated its effects in
addressing academic skill deficits among three third-grade children (Mong et al., 2012). The
intervention targeted a variation of simple addition math skills (i.e., adding two 1-digit numbers
with a sum of 10, adding two 2-digit numbers with no regrouping, adding 3-digit numbers with
no regrouping, and three to five 1-digit numbers with no regrouping). Using a multiple-baseline
across participant design, researchers determined there was a significant increase in student
performance on single-skill worksheet probes. Additionally, they found a slight increase in
student performance on multiple-skill, grade level progress monitoring probes, however, the
effects were not as significant as effects on single-skill probes. Results of the study indicate
MTM is an effective intervention for addressing basic math skills for elementary students (Mong
et al., 2012).
Furthermore, empirical research has focused on comparing MTM to other evidence-based
computational fluency interventions. Mong & Mong (2010) used an alternating treatment design
to compare the overall effectiveness of MTM and CCC with three elementary students. Using
digits correct per minute (DCPM), researchers determined the MTM was more effective than
CCC among two of the participants. Furthermore, during the follow-up phase, each participant
that achieved mastery during the intervention, maintained the same level of mastery 6 and 18
days after the intervention was terminated (Mong & Mong, 2010).
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Researchers have also used BEA procedures to investigate MTM's effectiveness in
comparison to multiple evidence-based math fluency interventions. Mong and Mong (2012,
previously discussed) used OTBEA strategies to predict which intervention would be the most
effective among CCC, MTM, and taped problems (TP). Results from the BEA showed that
MTM was the most effective intervention for two of the three participants, while CCC was
effective for the remaining student. Upon further examination, the extended analysis confirmed
the initial hypothesis established from the OTBEA findings. The extended analysis also
demonstrated that only two participants achieved mastery on different intervention outcome
probes, however, MTM was the only intervention in which all three participants achieved
mastery on individual probes. Additionally, effect size, calculated using the percentage of nonoverlapping data (PND), indicated MTM was the only intervention that was "very effective" or
"effective" for all participants, however, it was significantly longer to implement than CCC and
TP (Mong & Mong, 2012). This study supports the utility of BEA strategies for identifying
effective interventions for students, as well as demonstrates promising outcomes for MTM.
Moreover, using a post-intervention questionnaire, researchers determined MTM was viewed as
a favorable intervention among participants and would help them in school.
Although MTM has been shown to be highly effective in teaching math skills, it also
takes significantly longer to implement than other math interventions (Mong & Mong, 2010;
Mong & Mong, 2012). The length of time needed to implement MTM can negatively influence
an interventionist's desire to conduct MTM procedures in favor of another shorter, albeit less
effective, intervention. In response, researchers have attempted to create a more efficient and
feasible, yet just as effective, MTM intervention. Everett and colleagues (2016) conceptualized
an individualized approach to MTM by utilizing OTBEA procedures to identify only the
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necessary components of the intervention. During the OTBEA researchers first implemented step
one of MTM (i.e., problem previewing) in isolation and sequentially added each step of MTM
(i.e., problem previewing and repeated practice; problem previewing and repeated practice,
corrective feedback, etc.). By the fifth and final OTBEA condition, MTM intervention was
implemented in its entirety. During the OTBEA, DCPM was recorded to determine the
effectiveness of each MTM condition. Additionally, rate of learning (ROL) was recorded to
measure the efficiency of each condition. Using DCPM and ROL, the researchers were able to
determine at which step an individual learned best. The results of the BEA demonstrated that an
abridged version of MTM was more effective and efficient for two of the three participants (i.e.,
MTM3 Condition), while the entire MTM package was necessary for the third participant. Only
the first three steps of MTM were needed to determine necessary for two of the participants to
achieve the highest level of math gains. Although the entire MTM package was needed for
participant three, this condition demonstrated not only to be the most effective, but ROL showed
it was also the most efficient. An extended analysis for all participants confirmed the MTM
condition identified in OTBEA continued to be effective (Everett et al., 2016). After MTM
implementation, researchers administered brief rating scales to measure the intervention’s
acceptable and found that each participant indicated liking MTM and would use it again. One
participant did not consider the abridged MTM version to be time-consuming, while the other
participant did. The third participant also determined the entire MTM intervention was
moderately time intensive.
Building upon previous research, Felchner (2017) evaluated the effectiveness and
efficiency of MTM components using a BEA among four elementary students. Felchner (2017)
replicated Everett et al.’s (2016) study with two participants and the findings reflected the
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previous research study, in which the BEA identified the most effective and efficient conditions
(i.e., MTM4 and MTM5). Moreover, with the remaining two participants, BEA procedures
remained consistent, however, extended analysis procedures included the most effective and
efficient, the second most effective and efficient, and the least effective and efficient. The results
from the extended analysis for both participants demonstrated the first and second most effective
and efficient (i.e., MTM3 and MTM4 for one participant and MTM4 and MTM5 for the other
participant) remained higher than the least effective and efficient, however, there was little
divergence between the two most effective and efficient. For one participant, MTM5 was shown
to be more beneficial in producing math gains than an abbreviated MTM intervention. Felchner’s
findings demonstrated that BEAs were effective in identify the best intervention approach for
each participant, however, only 2 of the 4 participants required all 5 MTM steps. Like previous
research, this study supports the use of BEA procedures to create an abbreviated, individualized
MTM intervention.
Purpose of the Present Study
The purpose of the current study is to expand upon the previous literature evaluating the
effectiveness and efficiency of using BEA procedures to identify the necessary components for
MTM. While previous research for MTM (Everett et al., 2016; Felchner, 2019) use timed trials
to explore the effectiveness and efficiency of the intervention, at the time of this study no peerreviewed articles exist controlling for order effect among the MTM condition implementation
within the OTBEA phase. Additionally, previous research has not formally evaluated
mathematic gains post intervention. Thus, this study seeks to measure any potential short-term
effects MTM may have after intervention procedures have been terminated as well as
generalization of math skills to other mathematic probes.
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Research Questions
This study seeks to investigate the following questions:
1. Will the intervention component(s) identified as the most effective and efficient in the
BEA be more effective than baseline?
2. Will the intervention component(s) identified as the most effective and efficient in the
BEA remain more effective in the extended analyses?
3. Will MTM intervention demonstrate improved short-term effects on mathematic skills
and generalize to other math probes.
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CHAPTER III
METHODOLOGY
Participants, Recruitment, and Setting
This study was approved by The Institutional Review Board for the Protection of Human
Subjects in Research (IRB; Appendix B). The study included three participants between the ages
of 7 years 0 months and 11 years 11 months old, mapping onto recruitment ages for previous
research (e.g., Everett et al., 2016; Fletcher, 2019). All participants were recruited from a local
clinic that focuses on targeted academic interventions located in the Southeastern United States
region. Flyers (see Appendix A) were distributed within the clinic locations, as well as shared on
the clinic’s public social media accounts. All data were collected at a university clinical lab
setting within a large treatment room containing only a table and chairs to minimize distractions.
All sessions were led by graduate students in a school psychology program, who were trained by
the lead researcher.
Participant one, Stephanie, was a White female with a diagnosis of ADHD – combined
type, anxiety, and dyslexia in reading and writing. At the time of the study, Stephanie was 8
years old and in the 3rd grade. She was receiving general education with tiered supports in the
school and had no history of retention or behavioral concerns, Stephanie’s mother reported she
had a history of math difficulties (i.e., counting, addition, subtraction, pattern numbers, and word
problems).
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Participant two, Ava, was a Black female with a diagnosis of anxiety and dyslexia. At the
time of the study, Ava was 8 years old, and in the 1st grade. She had been retained twice in
kindergarten. She has a Language/Speech Impairment ruling in the school and receives
additional supports in reading. No behavioral concerns were reported. Ava’s mother reported
Ava had a history of math difficulties (i.e., number recognition, addition, subtraction).
Participant three, Jessie, was a White female with no diagnosis. At the time of the study,
Jessie was 9 years old, in the 3rd grade and receiving general education. She had no history of
retention or behavioral concerns. Jessie’s parents reported concerns regarding her midterm math
scores being significantly lower there her reading scores. They expressed interest in additional
supports for math to help pass the standardized test at the end of the year.
The primary inclusionary criteria for this study included participants who had difficulty
with mathematics per parent report. This included both students with and without a specific
learning disorder in mathematics. Exclusionary criteria included behavior concerns that impact
academic performance, identified per parent report in the demographic questionnaire. The
rationale for this decision was to exclude participants whose poor academic performance may be
attributed to behavioral deficits as addressing behavior deficits is outside of the scope of this
project. Additionally, participants had to demonstrate an inability to perform mathematic tasks
with the presentation of reinforcement, contingent on performance, thus eliminating individuals
whose performance deficits were performance-based rather than skill-based. After identifying
participants, assent was obtained, as well as parent consent prior to intervention implementation
(Appendix C). Additionally, a demographic questionnaire was completed for each participant
(Appendix D).
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Materials
Material for this study included AIMSweb Math Computation (M-COMP; Pearson,
Inc., 2012) curriculum-based measurements (CBM). Additionally, researchers created
intervention worksheets using the Math Worksheet Generator from The Math Worksheet Site
(The Math Worksheet Site, n.d.) and Microsoft Excel for graphing purposes.
AIMSweb™
AIMSweb™ is an assessment system used to benchmark and progress monitor an
individual’s skills and performance across a variety of academic domains (Pearson, 2012).
CBM probes was used to initially assess and identify an individual’s instructional level. Pre- and
post-progress monitoring was collected on grade and instructional level to evaluate immediate
math gains after implementing an abridged MTM intervention. For this study, AIMSweb™ MCOMP (Pearson, Inc., 2012) were administered to each participant. Procedures followed
AIMSweb™ instruction. AIMSweb™ provides 30 progress monitoring probes for each grade,
thus all progress monitoring probes were administered without replacement.
Math Computation
Similar to Everett et al. (2016), AIMSweb™ M-COMP probes measure an individual’s
ability to perform and solve basic arithmetic such as addition, subtraction, multiplication, and
division. M-COMP requires the individuals to complete a series of math problems within an
eight-minute timeframe. AIMSweb™ M-COMP includes probes from first through twelfth
grade. Researchers recorded the overall score and DCPM for each probe.
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Intervention Worksheets
Mapping onto previous research (i.e., Everett et al., 2016), math worksheets used during
the MTM intervention procedures for the OTBEA and extended analysis conditions were created
using The Math Worksheet Site’s (The Math Worksheet Site, n.d.) On-Line Math Worksheet
Generator. Using error analysis procedures, researchers reviewed the screening probes and
identify specific mathematic skills that were included on the intervention worksheets. The
generator constructed the worksheet in which the mathematic problems were presented in
randomized order. No math problems were repeated on the same probe. Each worksheet
consisted of a set of math problems targeting specific and individualized skills. Instructors also
had an answer key to check and confirm all mathematic problems were worked out accurately.
Microsoft Excel®
Microsoft Excel® was used across different phases of intervention. During the OTBEA
implementation, Microsoft Excel® was used within the MTM5 condition to graph each
participant’s progress for the self-monitoring component. Additionally, if MTM5 was identified
as the most efficient and effective condition within the OTBEA, Microsoft Excel® was used
within the extended analysis. All graphing was done on the researcher’s laptop.
Independent Variable
Participants in this study were repeatedly exposed to variations of MTM. MTM is a
multicomponent intervention that targets mathematic computational fluency and includes (a)
problem previewing, (b) repeated practice, (c) corrective feedback, (d) performance feedback,
and (e) self-motoring/charting (Mong & Mong, 2012). Each condition built upon the previous
step (MTM 1 included problem previewing, MTM 2 included problem previewing and repeated
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practice, etc.). Each participant was randomly exposed to all five variations of MTM at least
once during the OTBEA.
Dependent Variables
The two primary dependent variables were DCPM and ROL. DCPM measures math
fluency by calculating the number of digits scored correct within one minute. DCPM is
calculated by dividing the total number of digits correct by the total number of seconds, then
multiplied by 60 (Shapiro, 2004). DCPM was calculated after the participant completed the
outcome probe administered in the OTBEA and extended analysis (EA) phases.
ROL was used to determine the efficiency of each MTM condition (Everett et al., 2016).
ROL is calculated by first converting the total time spent in each condition into seconds, then
multiplied by 60. Finally, total DCPM on the outcome probes divided by the total time spent in
the condition.
Procedures
Researcher Training
Researchers aiding in this study were school psychology graduate students. Graduate
students helped with all parts of data collection, including assessing instructional level,
implementation of MTM, data collection, and scoring. To ensure treatment integrity, a group
training was conducted prior to the start of data collection. Training procedures included a brief
overview of the study and an explanation of the materials being used (Appendix E). These
trainings also focused on the appropriate administration and scoring measures. The primary
researcher was providing the graduate students with a protocol of procedural steps for the

24

administration and data collection. Additionally, assistant researchers were given a script
(Appendix F) for what to say during the administration and the order of administration.
The primary researcher modeled the correct administration and scoring for each MTM
condition. Then, the graduate students rehearsed the modeled behavior with the primary
researcher, while receiving immediate corrective feedback. The graduate students were required
to rehearse all procedural steps until 100% accuracy is achieved. After the training, the graduate
students were required to answer ten questions regarding the key points of the training
(Appendix G). The graduate students were required to respond correctly before participating in
the study. Missed items were reviewed with the lead researcher and the questions were
administered until 100% accuracy is achieved.
Instructional Level Screening
Researchers administered CBMs to all participants to verify academic concerns regarding
mathematics. Starting at grade level, researchers administered AIMSweb™ M-COMP probes as
screeners and use national norms to determine each participant’s instructional level. After each
participant completed the three grade-level screening CBMs, researchers used the median score
across three probes to make decisions as to whether additional probes were needed at a lower
grade level. A median score falling within the 25th and 75th percentile rank was considered
instructional level and intervention was implemented at that grade level. Median scores at or
above the 75th percentile rank was considered mastery on that grade level, while median scores at
or below the 25th percentile rank was considered frustrational level. If scores were in the
frustrational range, then researchers provided the participant with benchmark CBMs one grade
level below the previously administered, until instructional level is established. For example, if a
participant earns a score at or below the 25th percentile on 5th grade M-COMP CBMs,
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researchers had the participant complete three 4th grade M-COMP probes. Researchers continued
moving down grade levels until the participant scores within the instructional range. These
screening probes were used as a basis for comparison for all progress monitoring probes
administered after the intervention, as well as to determine the grade level at which the MTM
mastery was delivered.
Baseline/Control
Following all screening and CBM procedures, researchers collected baseline data to
determine initial performance, which were used as a comparison for later performance within the
OTBEA and EA phases. During baseline procedures, the participants were provided with
instructional-level math intervention worksheets created using an online math worksheet
generator. The participant had one minute to complete the worksheet. After the one minute
concluded, researchers recorded DCPM. One worksheet was provided per trial.
Can’t do/Won’t do Assessment
To confirm if math concerns were a result of a skill deficit rather than a performance
deficit, researchers conducted a can’t do/won’t do assessment (VanDerHayden, 2014). Can’t
do/won’t do assessment for mathematics may be administered individually or within a group
setting. Researchers implemented assessment procedures within an individualized setting. After
reviewing each participant’s score on baseline probes, researchers determined a personalized
score for each participant, using their last highest score on the baseline probes (VanDerHayden,
2014). Students who improved their scores by more than 20% on the can’t do/won’t do
assessment probe are considered a performance deficit, while participants performance not

26

meeting the 20% increase rate were consider a skill deficit (Duhon et al., 2004). Researchers
informed the participants of the option to choose a prize if they beat their previous score.
One Trial Brief Experimental Analysis
The current study replicated and modified BEA procedures from Everett and colleagues
(2016). This study used an OTBEA to identify the most effective intervention. Previous research
suggests OTBEAs are effective for intervention selection relative to traditional BEA procedures
and are particularly appropriate for multitiered Response to Intervention (RTI) approaches, as
minor adjustments within a tier determined by the results of the analysis can determine a
student’s placement within the tiers (Anderson et al., 2013). The OTBEA was used to analyze
the effectiveness, as determined by DCPM, and efficiency, as determined by ROL, of each
component of MTM. The data collected during the OTBEA determined the MTM condition
appropriate for the EA implementation for each participant. During the OTBEA, researchers
recorded DCPM and ROL for MTM conditions, which again include problem previewing,
repeated practice, corrective feedback, performance feedback, and self-monitoring/charting
(Mong & Mong, 2012). To control for order effects, researchers randomized each condition, a
primary difference from the previous literature. Randomization of trials was done using the
Random: All Things Generator application on a smart phone.
At the beginning of all OTBEA sessions, researchers read from standardized instructions
(Appendix F). Systematic instructions during the extended analysis phase were similar to
OTBEA instructions, however, for each participant, instructions were tailored to the MTM
condition identified as the most effective and efficient in the OTBEA.
MTM conditions were randomly implemented (Table 1) and the researcher identified the
most effective (i.e., DCPM) and efficient (i.e., ROL) condition based on DCPM and ROL. The
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researcher used DCPM on the outcome probes to graph participant performance for each
OTBEA condition. Using visual analysis to assess the level, trend, and variability of the data,
researchers identified the MTM condition best suited for each participant. Additionally,
researchers calculated ROL across all conditions to determine the most efficient. After the five
conditions were implemented, researchers identified the condition most effective and efficient,
which was reimplemented to affirm the initial hypothesis gathered from the OTBEA. In the
event the same intervention is not both the most effective and efficient, intervention effectiveness
was used as the primary selection criteria. For example, if an individual earned significantly
more DCPM during MTM5 than MTM3, and ROL was slightly higher during MTM3, yet
nonsignificant, the researchers moved forward with implementing MTM5. Additionally, if the
confirmatory phase did not demonstrate the same results from the initial BEA findings, a second
withdrawal was conducted, and another confirmatory phase was implemented. If the second
confirmatory phase did not reflect initial BEA results, intervention was discontinued. Differences
in OTBEA conditions can be found in Table 2.
Table 1
OTBEA MTM Randomization Table

Condition 1
Condition 2
Condition 3
Condition 4
Condition 5

Randomization
Participant 1 Participant 2
MTM1
MTM4
MTM2
MTM3
MTM5
MTM2
MTM3
MTM5
MTM4
MTM1

Participant 3
MTM3
MTM5
MTM2
MTM4
MTM1

Note. For each participant, all MTM conditions are randomized using a Randomizer App.
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Table 2
MTM Conditions

Math-to-Mastery 1
Within MTM 1 implementation, problem previewing was the only component included.
Each participant was presented with the problem worksheet. Working from a separate but
identical worksheet, researchers explained, modeled, and worked out all the math procedures
with the participant. As the researcher modeled each problem, the participant followed along on
an identical worksheet. After problem previewing was completed, the researchers distributed the
outcome probe, identical to the previous worksheet. The participant had one minute to complete
the outcome probe. Upon the completion of the trial, the researchers recorded DCPM and ROL
on the outcome probe.
Math-to-Mastery 2
MTM2 included problem previewing and repeated practice. The same problem
previewing procedures implemented in MTM 1 were conducted during MTM 2. After the
researchers had concluded the problem previewing step, repeated practice was employed.
Participants were given a new worksheet, identical to the problem previewing worksheet.
Participants were instructed to complete three separate, yet identical, worksheets, each in one
minute. After the three trials were completed, the researchers administered the 1-minute outcome
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probe, which was also be identical to all previous worksheets distributed throughout the MTM2
condition. DCPM and ROL was recorded.
Math-to-Mastery 3
MTM 3 added corrective feedback procedures to MTM1 and MTM2 procedures. During
the repeated practice sequence, corrective feedback is provided to the participant while
completing each worksheet. Researchers followed along as the participant worked out the math
problems and gave immediate corrective feedback when errors occur. After the three repeated
practice trials were completed, the 1-minute outcome probe was administered and DCPM and
ROL were calculated. All probes were identical to each other during the MTM 3 condition.
Math-to-Mastery 4
During MTM 4, problem previewing, repeated practice, corrective feedback, and
performance feedback were included. After the participant completed a practice probe the
researchers reported to the participant the DCPM and provided positive reinforcement based on
the individual’s performance and effort (e.g., “thank you for working hard”). Verbal praise was
provided three times during this condition (i.e., one time after the participant completed one
practice probe; 1:1 ratio). Verbal praise was non-contingent on specific outcome goals. Finally,
researchers administered the identical 1-minute outcome probe, and recorded DCPM and ROL.
Math-to-Mastery 5
MTM 5 procedures included all previous steps and self-monitoring. After performance
feedback was provided on the practice trials, researchers helped the participant chart their
performance on the researcher’s laptop using Microsoft Excel®. Participants graphed their
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DCPM for each practice probe during the repeated practice sequence. Finally, researchers
administered the identical 1-minute outcome probe, and recorded DCPM and ROL.
Extended Analysis
After an analysis of the OTBEA data, researchers identified the most effective and
efficient MTM condition based on the calculated DCPM and ROL from the 1-minute outcome
probes. This condition was used for the entirety of the EA. Mapping onto Everett et al. (2016), a
control phase was implemented every third trial. Control procedures reflected baseline
procedures, in which researchers provided the participant with a blank intervention worksheet
probe and instructed to complete at much as they can in one minute. The participant’s score and
DCPM were recorded.
Post-Intervention Monitoring
After all baseline, OTBEA, and EA phases were complete, researchers conducted a postintervention monitoring phase. All trials reflected screening procedures. Researchers
administered three different AIMSweb™ MCOMP probes to each participant. Each participant
had eight minutes to complete each probe. Instructional level and grade level MCOMP probes
were provided. For each trial, researchers recorded the participant’s score and DCPM.
Design & Analysis
A multi-element single case design was used for the current project. The use of a multielement design to support OTBEA procedures to analyze multiple components of interventions,
including MTM are common in the literature (Everett et al., 2016). The most common approach
to data evaluation and interpretation in single-case design research is the use of visual analysis
(Dart & Radley, 2017; Lane & Gast, 2014; Lanovaz et al., 2020; Levin et al., 2014; Wolery et
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al., 2010). Visual analysis includes evaluation of level, trend, variability, overlap, immediacy of
effect, and consistency of data across similar phases (Kratochwill et al., 2010). While OTBEA
procedures included only single trials (Anderson et al., 2011), baseline and extended analysis
procedures included at least five trials per research standards (Kratochwill et al., 2010).
In addition, to visual analysis, secondary statistical procedures were used to measure
intervention effects (i.e., did the intervention have weak, moderate, or large results). For this
study, researchers used non-overlap of all pairs (NAP), which is an effect size that compares all
data points in baseline to all intervention data points (Parker & Vannest, 2009). NAP calculates
the overlapping of data points across all phases. Unlike other statistical analyses which often fail
to meet serial independence, normality, and constant variance, NAP is more valid and reliable
because it strongly correlates with R² (Parker & Vannest, 2009). NAP was calculated to evaluate
effect size between phases by comparing baseline to the EA intervention condition, as well as the
EA control condition. Moreover, NAP was used for within phase comparison of the EA control
and EA intervention. Effect sizes of 0.65 and below were considered weak, scores from 0.66 to
0.92 were considered moderate, while scores from 0.93 to 1.00 were large (Parker & Vannest,
2009). An online single-case effect size calculator was used to calculate NAP (i.e., Pustejovsky
& Swan, 2018).
Interobserver Agreement and Treatment Integrity
Trained second observers co-scored all sessions for each participant to meet the minimum
standards for research integrity (Kratochwill et al., 2010). The trained observer conducted interobserver agreement simultaneously, yet independently from the primary instructor, and recorded
completed steps on the treatment integrity sheet. After the participant completed the worksheet
and the primary instructor scored the probe, the secondary observer re-scored the same
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completed probe to ensure treatment integrity. Interobserver agreement (IOA) was calculated by
dividing the number of agreements by the number of agreements plus disagreements multiplied
by 100. IOA for CBM pre and post measures across participants yielded scores of 94% to 100%.
IOA for Can’t Do/Won’t Do assessment, OTBEA trials, and the extended analysis across
participants yielded scores of 100%.
Moreover, a treatment integrity checklist (Appendix H) was completed by the primary
instructor for 100% of all trials in each phase (e.g., baseline, MTM1, etc.). Additionally, to
ensure treatment integrity, a trained second observer recorded treatment integrity for all of the
trials across all phases and participants. The secondary observer recorded whether each step
outlined on the treatment integrity sheet occurred or did not occur. Treatment integrity was
computed by dividing the number of steps correctly completed by the total number of steps
required for treatment implementation, then multiplied by 100. For all sessions across
participants yielded scores of 100%.
Social Validity
This study included a social validity scale by measuring participant acceptability of the
MTM intervention procedures, using an adapted version of the Children’s Intervention Rating
Profile (CIRP; Turco & Elliot, 1986; Appendix I). Researchers administered a post-intervention
sheet in which participants were instructed to answer seven questions on a Likert scale ranging
from 1 (“I agree”) to 5 (“I do not agree”). Lower scores on either of the forms indicate greater
social validity, while higher scores indicted lower social validity. Prior to intervention
implementation, researchers explained the intervention to participants and distribute the social
validity scales. After the conclusion of the intervention, the researchers administered the postintervention social validity scales to all participants. Scores on Stephanie and Jessie’s social
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validity scales indicated the intervention had high social acceptance with the top rating score of 7
for both participants. For Ava, social validity scale yielded a score of 19. Ava reported she liked
the intervention, would use it again, and was helpful. However, she also reported the instructors
were too harsh, there were better interventions that could teach her, and the intervention was too
long. The leader researcher noticed that Ava seemed confused by some of the questions on the
validity scale, thus Ava’s reporting might not be an accurate indicator of intervention
acceptability.
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CHAPTER IV
RESULTS
The primary method for data analysis included visual analysis procedures (i.e., analyzing
level, trend, variability, divergence, and overlap) and effect size analysis using NAP. Visual
analysis of the results from the OTBEA indicate these procedures show promising potential for
developing an abridged version of MTM to improve basic math skills, as evidenced across all
three participants. However, when further assessed, for two participants these initial findings
were unsupported by intervention results, as well as NAP calculations from the extended analysis
procedures. Additionally, median CBM scores indicated a non-significant change from pre- to
post-intervention procedures for two of the three participants. NAP scores for each participant
can be found in Table 3.

Table 3
Participant NAP Data

Stephanie
Ava
Jessie

BL-C
0.72
0.62
1

NAP
BL-INT
0.68
0.58
1

C-INT
0.44
0.5
0.78

BL-C
0.21< >1
0.09<>1
0.47<>1

95% CI
BL-INT
C-INT
0.12< >.1
0.25< >1
0.13<>1 0.05<>0.95
0.55<>1
0.33<>1

Note. Baseline is represented by BL, control is represented by C, and intervention is represented
by INT. An effect size between 0-.65 is considered weak, .66-.92 is moderate, and .93-1 is large.
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Participant One
Results from Stephanie’s initial CBMs indicated she was having difficulty with 3-digit x
2-digit addition with and without carryover, 2-digit by 2-digit subtraction with and without
carryover, 3-digit x 2-digit subtraction with and without borrowing, 2-digit x 1-digit
multiplication with and without carryover. For the Can’t Do/Won’t do assessment, the criterion
was set at 20 DCPM, yet Stephanie earned a score of 14, indicating math difficulty was a result
of a skill deficit rather than performance deficit.
Stephanie’s OTBEA and EA results are shown in Figure 1 and ROL data can be found in
Table 4. The data indicates MTM 4 (i.e., problem previewing, repeated practice, corrective
feedback, and performance feedback) was the most effective with 20 DCPM during both the
initial implementation and confirmatory phase of the OTBEA. MTM 4 was also the most
efficient as evidenced by a 1.60 ROL, which was the highest ROLs across all OTBEA
conditions. The reimplementation of MTM 4 confirmed the initial finding of the OTBEA with 20
DCPM and a 1.49 ROL; thus, MTM 4 was used for the extended analysis.
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Figure 1
Participant One Results
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Note. The top graph displays the results from baseline and the OTBEA. The bottom graph
displays the results from the extended analysis.
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Table 4
Participant One OTBEA ROL Data

Participant
Stephanie

DCPM
TIC
ROL

MTM1
11
9.05
1.22

MTM2
15
12.02
1.25

BEA Session
MTM3
17
14.48
1.17

MTM4
20
12.52
1.6

MTM5
10
10.1
0.99

BL
10
1
-

MTM4
20
13.43
1.49

Note. Digits correct per minute (DCPM) are displayed within the top row. Time in condition is
represented as TIC and is displayed on the middle row of numbers. Rate of learning (ROL) is
displayed in the third row of numbers. Stephanie’s highest ROL occurred in MTM4 with the
most digits correct.

Results of the extended analysis did not provide evidence of MTM 4 effectiveness, with a
mean of 15.3 DCPM (range = 10-19), comparative to the control condition of 16.2 (range = 1122). Stephanie’s intervention data shows no variability, nor is there divergence from control
conditions. Between series comparisons indicated only a moderate effect (NAP = .72) from
baseline to control condition, and from baseline to intervention (NAP = .68). Within series effect
size calculations comparing the control condition to intervention indicated a weak effect (NAP =
.44).
Furthermore, visual analysis comparing pre- and post-intervention CBM data did not
change in level or trend. Rather, data from post CBMs (Mdn=34) reflected similar math
performance on pre intervention CBMs (Mdn=32). Upon further analysis, comparison scores
yielded a moderate effect size (NAP = .67), however it was not clinically significant. Results
from Stephanie’s CBM data can be found in Figure 2.

`
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Figure 2
Participant One CBMs

Note. CBMs depicted in the graph are at 3rd grade level. Fall norm mastery criterion for 3rd grade
was a score of 33, while frustrational level for the 3rd grade was a score of 14. Stephanie’s preintervention scores were 32, 38, and 29 placing her at instructional level for 3rd grade. Postintervention scores were 43, 31, and 34 placing her at 3rd grade mastery level, however
differences were non-significant.
Participant Two
Results from Ava’s initial CBMs indicated Ava was having difficulty with 1-digit x 1digit addition, 1-digit x 1-digit subtraction, and 2-digit by 1-digit addition without carryover. For
the Can’t Do/Won’t do assessment, the criterion was set at 6 DCPM, yet Ava earned a score of 4,
indicating math difficulty was a result of a skill deficit rather than a performance deficit.
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Ava’s OTBEA and EA results are shown in Figure 3 and ROL data can be found in Table
5. The data indicates MTM 1 (i.e., problem previewing) was the most effective with 12 DCPM
during the initial implementation before the mini-withdrawal in the BEA. MTM 1 was also the
most efficient as evidenced by a 2.17 ROL, which was the highest ROLs across all BEA
conditions. The reimplementation of MTM 1 did not support the initial findings of MTM 1
implementation. Thus, researchers did another withdrawal and confirmatory phase. The second
MTM 1 reimplementation confirmed the initial finding of the BEA with 8 DCPM and a 1.33
ROL; thus, MTM 1 was used for the extended analysis.
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Figure 3
Participant Two Results
Analysis of Math to Mastery
20

BL

MTM4

MTM3

MTM2

6

7

8

MTM5

MTM1

BL

MTM1

BL

11

12

13

MTM1

Digits Correct Per Minute

18
16
14
12
10
8
6
4
2
0
1

2

3

4

5

9

10

14

Sessions
20
18

Digits Correct Per Minute

16
14
12

MTM 1

10
8
6
4
2

Control

0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

Sessions

Note. The top graph displays the results from baseline and the OTBEA. The bottom graph
displays the results from the extended analysis.
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Table 5
Participant Two OTBEA ROL Data
Participant
Ava

DCPM
TIC
ROL

MTM1
12
5.53
2.17

MTM2
4
8.45
0.47

MTM3
6
11.55
0.52

BEA Session
MTM4
3
16.26
0.18

MTM5
5
14
0.36

BL
3
1
-

MTM1
4
5
0.8

BL
3
1
-

MTM1
8
6
1.33

Note. Digits correct per minute (DCPM) are displayed within the top row. Time in condition is
represented as TIC and is displayed on the middle row of numbers. Rate of learning (ROL) is
displayed in the third row of numbers. Ava’s highest ROL occurred in MTM1 with the most
digits correct.

The results of the extended analysis did not provide additional evidence of MTM 1
effectiveness, with a mean of 8.1 DCPM (range = 3-12), relative to the control condition (mean =
3.3; range = 0-5). Ava’s intervention data shows noteworthy variability during the beginning
trials, which gradually stabilized. During the EA sessions Ava presented as distracted as
evidenced by making off-topic comments, zoning out and not following instructions. Between
series comparisons indicated a weak effect (NAP = .62) from baseline to control conditions and
from baseline to intervention (NAP = .58). Additionally, within series effect size calculations
comparing the control condition to intervention indicated a weak effect (NAP = .50).
Similar to Stephanie, visual analysis of pre- (Mdn= 8) and post- (Mdn=10) intervention
CBM data did not change in math performance across phases. Rather, data from post CBMs
show variable math performance. Upon further analysis, comparison scores yielded a weak effect
size (NAP = .61). Results from Ava’s CBM data can be found in Figure 4.

Figure 4.

Participant Two CBMs
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Figure 5
Participant Two CBMs

Note. CBMs depicted in the graph are at 1st grade level. Fall norm mastery criterion for 1st grade
was a score of 16, while frustrational level for the 1st grade was a score of 4. Ava’s preintervention scores were 7, 8, and 10 placing her at instructional level for 1st grade. Postintervention scores were 17, 6, and 10 placing her at 1st grade instructional level.
Participant Three
Results from Jessie’s initial CBMs indicated Jessie was having difficulty with 3-digit x 3digit subtraction with borrowing, 2-digit x 1-digit multiplication with and without carryover,
adding/subtracting 2-digit by 2-digit decimals (e.g., 4.5 + 6.7), and single digit multiplication
including the numbers 6, 7, 8 and/or 9. For the Can’t Do/Won’t do assessment, the criterion was
set at 7 DCPM, yet Jessie earned a score of 6, indicating math difficulty was a result of a skill
deficit rather can performance deficit.
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Jessie’s OTBEA and EA results are shown in Figure 5 and ROL data can be found in
Table 6. Similar to Ava, data for Jessie’s OTBEA indicates MTM 1 (i.e., problem previewing)
was the most effective with 21 DCPM during the initial implementation before the mini
withdrawal in the OTBEA. MTM 1 was also the most efficient as evidenced by a 3.94 ROL,
which was the highest ROLs across all OTBEA conditions. The reimplementation of MTM 1
confirmed the initial finding of the OTBEA (DCPM=21; ROL 3.3) thus, MTM 1 was used for
the extended analysis.
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Figure 6
Participant Three Results
Analysis of Math to Mastery
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Note. The top graph displays the results from baseline and the OTBEA. The bottom graph
displays the results from the extended analysis.
Table 6
Participant Three OTBEA ROL Data

Participant
Jessie

DCPM
TIC
ROL

MTM1
20
5.08
3.94

MTM2
14
10
1.4

BEA Session
MTM3
7
10.52
0.67

MTM4
9
12.24
0.74

MTM5
5
14.02
0.36

BL
7
1
-

MTM1
21
6.36
3.3

Note. Digits correct per minute (DCPM) are displayed within the top row. Time in condition is
represented as TIC and is displayed on the middle row of numbers. Rate of learning (ROL) is
displayed in the third row of numbers. Jessie’s highest ROL occurred in MTM1 with the most
digits correct.
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Results of the extended analysis provided additional evidence of MTM 1 effectiveness,
with a mean of 18.8 DCPM (range = 11-29), relative to the control condition (mean = 15; range
= 9-18). Jessie’s intervention data shows a noteworthy upward trend, before decreasing slightly
and becoming more stable. Between series comparisons indicated a strong effect (NAP = 1) from
baseline to control conditions and from baseline to intervention (NAP = 1). Additionally, within
series effect size calculations comparing the control condition to intervention indicated a
moderate effect (NAP = .78).
Furthermore, visual analysis comparing pre- and post- intervention CBM for the 3rd grade
did not change in level or trend across phases (pre-scores: Mdn=60; post-scores: Mdn=57).
However, when comparing 4th grade CBMs, there was an increase in level from pre-intervention
(Mdn=50) to post-intervention CBMs (Mdn=65). Further evaluation demonstrated a large effect
size (NAP = 1). Results from Jessie’s CBM data can be found in Figure 6 and Figure 7.
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Figure 7
Participant Three Grade Level CBMs

Note. CBMs depicted in the graph are at 3rd grade level. Winter norm mastery criterion for 3rd
grade was a score of 55, while frustrational level for the 3rd grade was a score of 29. Jessie’s preintervention scores were 60, 65, and 50 placing her at masterly level for 3rd grade. Postintervention scores were 57, 57, and 64 placing her at 3rd grade mastery level.
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Figure 8.

Participant Three Instructional Level CBMs

Figure 9
Participant Three Instructional Level CBMs

Note. CBMs depicted in the graph are at 4th grade level. Winter norm mastery criterion for 4th
grade was a score of 56, while frustrational level for the 4th grade was a score of 32 Jessie’s preintervention scores were 47, 50, and 44 placing her at instructional level for 4th grade. Postintervention scores were 65, 66, and 65 placing her at 4th grade mastery level, with a significant
difference.
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CHAPTER V
DISCUSSION
Math-to-Mastery is a multi-step, multicomponent, evidence-based intervention used to
target math fluency and aid in skill acquisition (Mong, et al., 2012. While MTM has previously
demonstrated positive outcomes when addressing basic math skills and shown to be more
effective when compared to other mathematic interventions (e.g., Mong & Mong, 2010; 2012;
Mong et al., 2012), there is limited research on MTM. While MTM is highly effective in
teaching novel math skills and building math fluency, the duration of time spent within the
intervention can be time consuming (Everett et al., 2016; Mong & Mong, 2012). However, more
recent research conducted by Everett et al. (2016) addressed the concerns regarding the time
intensiveness of MTM by incorporating BEA procedures to determine if all MTM components
were essential for increasing mathematic performance among students. Additionally, Felchner
(2017) used similar procedures as well as an alternating treatment design to determine the
effectiveness of using a BEA to identify an abbreviated MTM intervention. Results from both
studies provided evidence to support using BEA procedures to create an intervention that is more
individualized and abbreviated than MTM in its entirety. Both studies demonstrated a shorted
MTM intervention effectively improve basic math skills with elementary aged children.
This study had three primary purposes. The first was to determine if the OTBEA would
appropriately identify the MTM step(s) that was most effective and efficient comparative to
baseline. The second goal of this study was to determine if the initial findings in the OTBEA
would continue to demonstrate sustained results with repeated implementation. Lastly, this study
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investigated if MTM produced short-term math gains when generalizing basic math skills to
other mathematic probes. Unlike previous research by Everett and colleagues (2016) and
Felchner (2017), this study randomized MTM conditions within the OTBEA to control for order
effects.
Overall, this research study yielded mixed results. Initially, all participants exhibited a
consistent increase in math performance within one MTM component during the OTBEA, which
supports previous studies by Everett et al. (2016) and Felchner (2017). However, results of the
EA did not support the findings in the OTBEA for two of the three participants. Stephanie and
Ava’s data did not demonstrate sustained math performance and was not evident throughout the
intervention phrase. Additionally post-CBM performance did not demonstrated short term math
gains. However, similar to previous research findings of Everett et al., 2016 and Felchner,
(2017), Jessie’s data indicated sustained math performance throughout the EA phase, with an
upward trend and a higher level than baseline or the control condition. Additionally, post-CBM
data for Jessie demonstrated a slightly higher level in performance and showed an increase in
short-term math gain. Results from Jessie provide supporting evidence for the use of OTBEA
procedures to create a condensed version of MTM that is more efficient and effective for each
individual.
Further, although previous research studies using an OTBEA with MTM to teach and
build math skills, the current study was the first to randomize the order of MTM conditions in the
OTBEA to control for carryover effects. Previous studies (Everett et al., 2016; Felchner, (2017)
have repeatedly demonstrated that later MTM conditions (i.e., steps 3, 4, and 5) consistently
outperform earlier MTM conditions. While it can be argued that due to the nature of the later
MTM conditions that include more feedback elements (i.e., corrective feedback, performance
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feedback, self-charting), its likely to outperform that previous two steps that lack feedback
components. However, results from this study suggest that randomizing trials has a potential to
affect the outcome of the OTBEA. For Ava and Jessie, results of their math performance showed
significant divergence between MTM 1 (i.e., problem previewing) and all other MTM
components. Although, math performance for Ava was not sustained during the EA, Jessie
continued to demonstrate increased performance in novel math skills within the EA phase and on
post-intervention probes. Prior to this study, MTM 1 has not been identified as the most effective
and efficient (Everett et al., 2016; Felchner, 2017). This study adds to the limited, existing
literature on using OTBEAs with MTM, and suggests the importance of randomizing trials
within BEA procedures to control of carryover effects that might be inadvertently influencing the
outcome of the BEA (Kratochwill & Levin, 2010; Levin et al., 2014).
Research Question 1
The first research question asked will the intervention component(s) identified as the
most effective and efficient in the BEA be more effective than baseline? Previous research has
demonstrated the effectiveness of using BEAs to inform instruction and intervention by directly
assessing the relationship between the environment and academic behavior (Andersen et al.,
2013; Daly et al., 1997; McComas et al., 1996; McKevett & Codding, 2019). Randomization of
MTM conditions was used to increase internal validity (Kratochwill & Levin, 2010; Levin et al.,
2014). This study found that for each participant the OTBEA adequately identified an MTM
phase as more effective and efficient when compared to baseline procedures. The results of the
present study suggest a randomized presentation of MTM conditions was more effective than
baseline procedure in addressing math concerns. The OTBEA showed to be effective in
identifying a more individualized intervention for each participant and this MTM condition was
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more efficient than MTM in its entirety. The results for Ava and Jessie demonstrated higher math
performance with MTM 1. While MTM 1 has never been identified as the best MTM condition
for this intervention, using randomized trials within the OTBEA could be a key factor in this
divergence from previous literature (Everett et al., 2016; Felchner, 2017). Particularly, Jessie’s
performance within the OTBEA was highest during MTM1 and gradually decreased with each
added MTM step. When latency between the problem previewing step and the outcome probe
was increased, Jessie’s math performance decreased. If each MTM condition was implemented
in order from least to most intensive, it could be speculated that the gradual decrease in
performance was due to fatigue effects. Thus, the use of randomization procedures aided in the
determination that MTM1 was the most effective and effective when controlling for fatigue
affects.
Visual analysis indicated that in baseline procedures academic performance was low for
each participant, however Stephanie also demonstrated some variability. Once the OTBEA was
introduced, performance for all participants increased for the majority of the conditions, however
performance was consistently greater in one of the conditions over all other MTM conditions.
Again, the initial results of the OTBEA were replicated when the confirmatory phase was
implemented. For Ava, the first confirmatory phase did not replicate OTBEA results, thus, to
determine if performance was more accurate during the initial MTM 1 phase or the confirmatory
phase, researchers implemented another trial of MTM1. Ava’s performance within the second
confirmatory phase showed evidenced supporting the original trial of MTM1, therefore
researchers continued forward with the intervention.
While this study yielded similar results to previous research findings from Everett et al.
(2016) and Felchner (2017), in which results of the OTBEA validate the use of OTBEA
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procedures to shorten and individualize MTM into a more time-efficient intervention; two of the
three participants did not sustain math performance after the implementation of the OTBEA.
Across all participants, there were differences in responses within each MTM condition, with
one condition significantly outperforming the other MTM components. However, results for
each participant in the OTBEA performed best when the last MTM condition was implemented.
This finding suggests that practice effects may be influence each participant’s performance.
While Jessie’s performance within the OTBEA may suggest that randomizing procedures aided
in controlling for fatigue effect, however, practice effects were still present as each participants
highest performance was within the last condition in the OTBEA. While each participant
performed best with an abbreviated MTM condition which seems to support previous research
stating OTBEAs are effective in predicting the most effective intervention (Codding et al., 2009;
Gilbertson et al., 2008) and confirmatory phases help control for measurement and performance
effects (Martens et al., 1999), increased math performance was not sustained for two
participants. This study provides evidenced that BEA procedures might not be useful in
determining the effectiveness of MTM components when individuals are at instructional level for
their grade.
Research Question 2
The second research question asked will intervention component(s) identified as the most
effective and efficient in the OTBEA remain more effective in the extended analyses? The
results from the OTBEA were not replicated within the extended analysis for two of the three
participants. Visual analysis of the EA phase for Stephanie and Ava showed performance was
stable within the control and intervention condition. Unlike Everett and colleagues (2017) and
Felchner (2017), results from this study showed there was no divergence between the
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intervention and control condition for Stephanie and Ava. Additionally, NAP effect size
measurement indicated a weak effect when invention was compared to baseline, as well as the
control condition.
One speculation for lower math performance for Stephanie might be due to the
individual’s diagnosis of attention deficit hyperactivity disorder – combined type (ADHD-C).
This would support previous research findings of a systematic review demonstrating a negative
association between ADHD and mathematic ability, particularly with when inattention is present.
(Tosto et al., 2015). On average each intervention session was 11 minutes. Stephanie had
difficulty sustaining focus and remaining seated for long periods of time. She was compliant
throughout all sessions; however, she would become easily distracted after a few minutes of
sustained focus and required multiple breaks between math sessions. Previous studies found
math difficulty were associated with a variety of deficits in cognitive functioning among
individuals with ADHD including difficulty planning, organizing information, deductive
reasoning, cognitive shifting, long-term memory storage, working memory, (Barry et al., 2002;
Kaufmann & Nuerk, 2008; Tuosto et al., 2015). Although feedback was an important component
for Stephanie, additional time added to the sessions might have impaired her math performance
rather than aided in learning and fluently performing math skills.
Additionally, low math performance for Ava might be due to various reasons. One reason
might be due to scheduling conflicts. Ava was only able to schedule a second appointment in the
afternoon rather than in the morning. Ava’s caregiver reported Ava is more energetic and active
in the afternoon, which could have contributed to some inattention and distractibility that was
present during the EA phase. Furthermore, the primary researcher was unavailable to conduct the
second appointment with Ava, thus another set of researchers were with her during the latter
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session. Working with unfamiliar people might have influenced this unexpected change in
behavior. Results from Ava’s math performance contradicted previous research findings as this
current study did not demonstrate that any version of MTM was effective in sustaining increased
math fluency (Everett et al., 2016; Felchner, 2017; Mong & Mong 2012).
For Jessie, data from the OTBEA illustrated MTM 1 was the most effective and efficient
as evidenced by DCPM and ROL. Jessie continued to demonstrate an increase in math
performance throughout the EA while MTM 1 was implemented. Additionally, MTM 1 scores
were consistently higher than scores yielded within the control condition. Furthermore, NAP
scores demonstrated a moderate effect with comparing intervention to the control condition.
Lastly Jessie’s control scores were slightly higher than baseline scores. This increase in math
performance would be expected as it likely demonstrates that novel skills were effectively being
taught and generalized. Jessie’s performance supports previous research in the literature, which
claim an abbreviated MTM intervention is effective and efficient in teaching math skills and
building fluency (Everett et al., 2016; Felchner, 2017).
Research Question 3
The third research question asked will MTM intervention demonstrate improved shortterm effects on mathematic skills and generalize to other math probes? Unlike Everett et al.,
(2016) and Felchner (2017), two of the participants were at instructional level for their grade and
the last participant was at instructional at a higher grade level. The post intervention CBM scores
for Stephanie and Ava provided no evidence of any changes in math skills after intervention
exposure. These results are unsurprising considering their performance on math problems during
the intervention did not demonstrate a significant or sustained increase in math performance.
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Post intervention data indicates using an abridged version of MTM was ineffective in creating
positive short-term math gains among two of the three participants.
For 3rd grade, the fall norms used in this study consider scores of 14 or lower to be
frustrational, while scores of 33 or higher were considered mastery. Stephanie’s median preintervention CBM score (Mdn=32) placed her at instructional level for the 3rd grade. Her median
post-intervention CBM score (Mdn=34), placed her at mastery for the 3rd grade. While her scores
increased slightly from pre-intervention and NAP scores showed a moderate effect size, the
difference was not clinically significant, and Stephanie did not demonstrate short term gains,
thus not supporting previous research findings which demonstrate this intervention as effective in
teaching math skills or building fluency (Everett et al., 2016)
Fall norms for 1st grade considered scores of 4 or lower to be frustrational, while scores
of 16 or higher are considered mastery. Ava’s median pre-intervention (Mdn=8) and postintervention CBM score (Mdn=10) placed her at a 1st grade instructional level. Further analysis
using NAP showed a weak effect, demonstrating that there was no significant different in
academic performance pre- and post-intervention. Ava’s results indicate an abbreviated MTM
intervention was ineffective in producing math gains contrary to previous research (Everett et al.,
2016).
However, post intervention CBM scores for Jessie suggest a positive change in math
performance similar to previous research (Everett et al., 2016). Winter norms for 3rd grade
consider scores 29 and lower as frustrational, while scores of 56 and higher as mastery.
Transitioning for pre- (Mdn=50) to post- (Mdn=65) intervention CBMs for the 4th grade, there
was an increase in level with a stable trend. The pre-intervention median score placed Jessie’s
performance at 4th grade instructional level, however post-scores indicate Jessie was mastery at
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4th grade. NAP scores showed a large effect and improvements in math were clinically
significant. While there is an increase in math performance at the 4th grade, there was no
differences in performance at the 3rd grade level. These results are unsurprising as intervention
did not take place on the 3rd grade level, rather intervention occurred at the 4th grade level.
Additionally, Jessie already demonstrated competency for 3rd grade mathematic, thus any
improvements from pre- to post- intervention would be insignificant as she was already at
mastery for that grade level. Jessie’s performance on 4th grade post intervention CBMs indicate
she acquired, maintained, and generalized novel math skills and demonstrated positive math
gains and provides evidenced that an abbreviated MTM intervention is effective, thus supporting
previous studies (Everett et al., 2016) in which pre- and post- measures resulted in a significant
change in math performance. While it is important to measure short term gains and these
findings support the use of this intervention to adequately increase math performance, it is
important to note that short term gains are not always indicative of long-term gains (Grissmer et
al., 2014).
Limitations and Future Research
This study does include some noteworthy limitations. First, for each participant the last
phase of the OTBEA appeared to be the most efficient and effective. This could potentially be
related to practice effects as the participant was repeated exposed to specific MTM steps. This
may explain why two participants did not demonstrated sustain math improvements during
intervention. Also, two participants were at instructional level for their grade. While deficits
were apparent from the CBM probes, the deficits only made up a portion of the probe. Thus,
when post-intervention CBMs were administered, other skills that were already previously
mastered were included. Previous research did not include participants at instructional level for
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their grade (Everett et al., 2017; Felchner, 2017). Therefore, when analyzing the data, there was
not a notable different in math performance indicting short-term math gains. These results
diverge from previous literature which demonstrated an abbreviated version of MTM was
effective for increasing main gains for students who are at a different instructional level than
their grade. However, results from this study suggests MTM is not effective for individuals at
instructional level for their grade. For individuals at instructional level for their grade, MTM may
not be the most effective intervention or only minimal supports (MTM1 or MTM2) are necessary
to increase specific math skills targeted during the intervention.
Moreover, due to scheduling conflicts with Ava, the researchers working with her
fluctuated. Changes in lead researchers may have affected her performance. Additionally, the
only time Ava and her family were able to return to the clinic for their second appointment was
in the afternoon, which varied from her first appointment that took place in the morning. Ava’s
mother reported to the researchers that Ava was typically more active later in the day versus in
the morning. Thus, the time of the second appointment could be a confounding variable that
contributed to more inattention and restlessness that was observed during the second
appointment. Additionally, to reduce the amount of travel time for participants and their families,
as well as the risk of COVID, each participant was scheduled for a total of 8 hours of in-person
sessions. The average session length was approximately 4 hours. While researchers allow the
participants to take frequent breaks throughout this timeframe, some participants showed an
increase in inattention by the end of the appointment. Future studies should consider space out
intervention sessions to ensure participant performance is not negatively impacted by the
duration of each session. Additionally, as the pandemic persist, future studies should consider the
feasibility and efficacy of implementing an abbreviated MTM within a virtual format.
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Moreover, it is possible that increased math performance was not a direct result of
combined MTM components. Rather, improvements may have been related only to the
additional component. For example, Stephanie performed the best with MTM 4 (i.e., problem
previewing, repeated practice, immediate corrective feedback, and performance feedback).
However, it is plausible only corrective feedback or performance feedback had an impact on her
performance and would have produced similar, if not higher, math gains. This may be
particularly beneficial for individual with neurodevelopmental disorders or other concerns that
might impede one’s ability to effectively engage in activities that require sustained attention
(Price, 2002; Moret-Tatay et al., 2022). Future research should consider doing a component
analysis across MTM conditions to determine the impact on math performance when conditions
are implemented in isolation.
Additionally, this study investigated invention effects on short term math gains. However
previous research suggests that the short-term gains are not indicative of long-term academic
gain (Grissmer et al., 2014). Future research should investigate the use of an abbreviated MTM
invention and the potential effects it has on long-term performance and academic gains.
Implications and Conclusion
With roughly a third of psychologists utilizing BEA procedures as a tool for making
decisions in the field (Benson et al., 2019), It is necessary to investigate the use of BEAs in a
variety of ways. While previous research has demonstrated the effectiveness of MTM
comparative to other interventions using a BEA, MTM remains a time-consuming intervention
(Mong & Mong, 2012). This study evaluated the use of an OTBEA across MTM conditions in
regard to their effectiveness, as well as efficiency. There is currently an underwhelming amount
of literature measuring efficiency within BEA procedures. In a practical setting, professionals
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have time restraints when working individually with students, thus the use of BEAs comparing
various steps of one intervention would be benefitable within this setting to produce the more
effective academic gains within a more conservative timeframe.
Despite these limitations, this study provides revealing information about the
effectiveness of this intervention. This was the first study to use randomization with a OTBEA
for an abbreviated version of MTM. While using a randomized OTBEA was not useful for
identifying an individualized intervention for two of the three participants, it was effective for
one participant. Additionally, for this participant MTM1, which only included problem
previewing, was identified as effective and efficient and showed sustained math improvement,
which has never been demonstrated in previous research investigating the use of abbreviated
MTM interventions. However, this may be due to practice effects as each participant was
repeatedly exposed to specific MTM steps.
Moreover, this was the second study to analyze pre- and post- intervention math gains.
While gains were non-significant for two of the participants, one participant did respond to
intervention and maintained a consistent level of accuracy throughout the intervention. Pre- and
post- intervention scores reflected this finding and demonstrated significant math gains. While
results were mixed, scores from the third participant validate Everett and colleagues (2016)
results that an abbreviated MTM is effective in producing short term math gains. These findings
suggest MTM may be effective at addressing math deficits for individuals at a different
instruction level than their grade level, however it may be ineffective for individuals with math
difficulties who are still on instructional level for their grade.
Furthermore, unlike previous studies (Everett et al., 2016; Felchner, 2017), this current
study also included an individual with a diagnosis of ADHD. These results from this participant
60

demonstrated interesting findings that suggests using an abbreviated version of MTM as an
intervention may not be an appropriate choice. First the nature of this intervention requires
sustained attention during the latter steps of MTM. Thus, individuals with ADHD who have
difficulty paying attention to detail and would benefit from corrective or performance feedback,
may not be able to actively pay attention for the duration of the intervention. In a clinical or
educational setting, this intervention might not be most effective intervention for individuals
with neurodevelopmental disorders, such as ADHD. Future studies should investigate the
effectiveness of this intervention among specific populations with neurodevelopmental disorders.
Overall, this study yielded mixed results with most of the data contradicting previous
research findings for an abbreviated MTM intervention. Results for two participants did not
support the findings of previous research (Everett et al., 2016; Felchner, 2017), and CBM data
provided evidence that intervention was not effective. Despite these finding, results for one
participant show support for OTBEA procedures and CBM data demonstrated an increase in
math performance and suggest that short-term math gains were apparent. Some results yielded in
this study did demonstrate potential support for using OTBEA procedures to create an
abbreviated version of MTM. Additionally, some results indicated the potential usefulness of
randomizing MTM conditions to control for carryover effects (Kratochwill & Levin, 2010; Levin
et al., 2014), which could lead to identifying an MTM condition involving unnecessary steps.
Overall, this intervention was meet with moderate to high acceptability in regard to social
validity. Researchers should continue to explore the use of an abbreviated version of MTM using
randomized conditions to teach and build fluency with basic mathematic scores to provide
efficient, evidence-based math interventions for students in the future and consider if this
intervention is feasible and efficacious to use in a clinical or school setting. Additionally, future
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research should consider implementing this intervention within a virtual format as online and
telehealth platforms are currently and likely will continue being utilized as a mode for teaching
and learning.
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DOES YOUR CHILD HAVE DIFFICULTY
WITH MATH? SEEKING PARTICIPANTS!
We are currently recruiting children to participate in a dissertation study. The study will evaluate
the effectiveness, efficiency, and acceptability of a math intervention designed to improve math
fluency skills.
The benefits of participant in this dissertation study include:
1. Gaining an understanding of the participant’s current mathematic skills.
2. Increasing the participant’s exposure to training in the ability to solve basic mathematic
problems
3. Increasing the participant’s basic mathematic problem-solving skills
Specific criteria to participant in this study include:
1. Children between the ages of 7 years 0 months and 11 years 11 months
2. Children currently enrolled in 2nd through 5th grade
3. Children exhibiting difficulty with mathematics
4. Children with no behavioral concerns that may impede their participation in the study
(i.e., primary concerns are academic related)
Please contact the researcher to gain more information and details about the study. If you are
interested in participating, please contact the primary researcher (Gianna Gambera). The faculty
advisor for the study is Dr. Daniel L. Gadke. Thank you!
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Mississippi State University
Parental or Legally Authorized Representative Permission Form
for Participation in Research
You are being asked to allow your child to participate in a research project. This form
provides you with information about the project. Please read the information below and
ask any questions you might have before deciding whether or not to allow your child to
participate.
IRB Approval Number: IRB-21-326 Title of research project: Evaluating the Effectiveness
and Efficiency of an Abridged Math-To-Mastery Intervention Using Brief Experimental
Analysis Procedures
Site of research project: School Psychology Services Center/Autism and Developmental
Disabilities Clinic at Mississippi State University
Name of researcher(s) & University affiliation: Daniel Gadke
The purpose of this research project:
• The purpose of this study is to create an individualized intervention to help increase basic
math skills among young individuals who are identified as having difficulty with
mathematics.
If you agree to allow your child to participate in this research project, we will ask your
child to do the following things:
• Complete a variety of math worksheets targeting areas for improvement
• Complete a short survey at the end of the math intervention to rate how they felt about
the intervention and if it was helpful in teaching new math skills.
The total estimated time to participate in this research project: 8 hours maximum
The risks of participation:
• Very minimal risk will be involved in the participation of this study. However
participants particularly adverse to math and have difficulty may experience some levels
of stress.
The benefits of participation:
•

Participant will learn the necessary skills to appropriately perform math procedures that
will help them increase performance and knowledge on their instructional level.
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Compensation:
• No compensation will be provided.
Confidentiality and privacy protections:
The participants will schedule a private session. During these individualized sessions,
participants will not engage, see, or be heard by any other individuals outside of the
researchers.
• It is important to understand that these records will be held by a state entity and
therefore are subject to disclosure if required by law and that the participants information
will remain confidential.
Contacts and questions:
• If you have any questions, please ask now. If you should have any questions later or
want additional information, please contact (Gianna Gambera). For information
regarding your rights as a research subject, please contact the MSU Research
Compliance Office at 662-325-3994.
If you do not want your child to participate:
Please understand that your child’s participation is voluntary. There will be no penalty or loss
of benefits to which you or your child is otherwise entitled if you choose not to let your child
participate. You may discontinue your child’s participation at any time without penalty or loss of
benefits. Your child may skip any items that he or she chooses not to answer. Your refusal will
not impact current or future relationships with Mississippi State University. To do so, simply tell
the researcher that you wish for your child to stop participating.
Additional elements are required when appropriate:
1. The subject’s participation may be terminated by the investigator without regard to the
subject’s consent if: math skills are determined to be a performance deficit rather a skill
deficit or initial findings in the brief experimental analysis are unsupported.
2. If both parents are present at the time of consent, they should both sign the
permission form.
If after reading the information above, you agree to allow your child to participate, please sign
below. If you decide later that you wish to withdraw your permission, simply tell the researcher.
You may discontinue your child’s participation at any time. You will be given a copy of this form
for your records.
Child’s name (please print)
________________________________ __________
Parent or *Legally Authorized Representative’s Signature Date
________________________________ __________
Parent or *Legally Authorized Representative’s Signature Date
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(if applicable)
________________________________ __________
Investigator’s Signature Date

If a Legally Authorized Representative (rather than a parent), must have documentation to show
LAR status.
Research Participant Satisfaction Survey
In an effort to ensure ongoing protections of human subjects participating in research, the MSU HRPP
would like for research participants to complete this anonymous survey to let us know about your
experience. Your opinion is important, and your responses will help us evaluate the process for
participation in research studies.
https://forms.office.com/Pages/ResponsePage.aspx?id=sNtR7YavokWcl3P7OTXfF
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Student Participant Demographic Questionnaire

Participant Initials: ___________________________________________________

Child’s Date of Birth: ______________________________________________________

Child’s Grade: ___________________________________________________________

1. Race:
______ African American
______ Asian American
______ Caucasian
______ Native American
______Pacific Islander
______ Other: ____________________________________

2. Gender:
______ Male
______ Female
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3. Please specify if your child has any of the following diagnoses:
______ Attention Deficit Hyperactivity Disorder
______Anxiety
______Autism Spectrum Disorder
______Conduct Disorder
______Intellectual Disability
______Oppositional Defiant Disorder
______Specific Learning Disability
______Traumatic Brain Injury
______Other: _____________________________________
4. Please specify if your child has one of the following special education rulings
______Autism (AU)
______Deaf/Blind (DB)
______Developmentally Delayed (DD)
______Emotional Disability (EmD)
______Hearing Impairment (HI)
______Intellectual Disability (ID)
______Language or Speech Impairment (LS)
______Multiple Disabilities (MD)
______Orthopedic Impairment (OI)
______Other Health Impairment (OHI)
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______Specific Learning Disability (SLD)
______Traumatic Brain Injury (TBI)
______Visually Impaired (VI)
______N/A

5. Is your child in:
______General education
______General education with tiered support (i.e., tier II or Tier III intervention)
______General education with special education support services
______Self-Contained

6. Does your child have any major behavioral concerns (e.g., aggression, non-compliance,
elopement, self-injurious behavior)
______No
______Yes (Please specify): ______________________________________________________

7. Has your child been retained:
______No
______Yes (Please specify grade and the number of times): _____________________________
______________________________________________________________________________

8. Is your children currently exhibiting difficulties in math:
______No
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______Yes (Please specify): ______________________________________________________
8. Does your children have a history of difficulties in math:
______No
______Yes (Please specify): ______________________________________________________

9. From the following list, please specify which item/activity your child prefers:
______ Animal toys
______Board games
______Blocks
______Candy/snacks
______Cars
______Coloring/drawing
______ iPad
______Puzzles
______Other: __________________________________________________________________
From all the checked items/activities, please rank your child’s most preferred
items/activities (i.e., 1 = first choice, 2 = second choice, 3 = third choice)
1. ____________________________________________________________________________
2. ____________________________________________________________________________
3. ____________________________________________________________________________
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Graduate Student Training Procedures
1. The trainer will present the Math to Mastery (MTM) intervention and explain procedures
to the assisting researchers.
• The trainer will explain the purpose of MTM and describe the various MTM
conditions.
• The trainer will explain the purpose and procedures for the can’t do/won’t do
assessment.
• Provide the assisting researcher(s) with training script to review.
2. After the assisting researcher(s) have independently read through the training script. The
trainer will read through the script a second time with the assisting researcher(s). The
trainer should answer all graduate student questions during the read through.
3. The trainer will demonstrate each step in the training script and answer all graduate
student questions
4. The trainer and assisting researcher(s) will then switch roles, and the assisting
researcher(s) will practice implementing each MTM condition
5. The trainer will provide feedback contingent upon the assisting researcher’s performance
during the role-play.
• If the assisting researcher makes a mistake, the trainer should provide corrective
feedback and have the assisting researcher repeat the step.
• Continue until the assisting researcher has demonstrated 100% accuracy.
6. After the assisting researcher have performed each step with 100% accuracy, they will be
required to complete a brief 10 item quiz.
• If the assisting researcher misses an item, the trainer should provide corrective
feedback and have the assisting researcher retake the quiz.
• Continue until the assisting researcher has demonstrated 100% accuracy.
Researcher Training Procedures
Using a Brief Experimental Analysis to Evaluate the Effectiveness and Efficiency of Math
to Mastery
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Goal of the Study:
To use a brief experimental analysis to evaluate the necessary components of Math-to-Mastery
intervention to create the most effective and efficient intervention for elementary school students
to increase math fluency skills.
Participants:
• Elementary students between the ages of 7 years 0 months and 11 years 11 months old

Materials needed during Instructional Level Screening
• AIMSweb™ math computation (MCOMP) probes
• Pen
• Stopwatch
Materials needed during Can’t do/Won’t do Assessment
• The Math Worksheet Site worksheet
• Pen
• Rewards
Materials needed during Baseline/BEA/Extended Analysis Procedures
• The Math Worksheet Site worksheet
o 1 copy for baseline and control procedures
o 3 copies for MTM 1 procedures (i.e., researcher copy, student copy, and outcome
probe)
o 6 copies for MTM 2 – MTM 5 procedures ((i.e., researcher copy, student copy, 3
repeated practice copies, and outcome probe)
• Pen
**Data Collection**
Data will be collected on Digits Correct per Minute and Rate of Learning.
• For Digits Correct per Minute (DCPM) will be calculated by dividing the total number
of digits correct by the total number of seconds, then multiplied by 100. DCPM will be
calculated for each trial across all phases (i.e., baseline, BEA, extended analysis).
•

Data on Rate of Learning (ROL) will be collected for each individual only during the
BEA. ROL is calculated converting the total time spent in the condition into minutes and
seconds. Then total DCPM on the outcome probe is divided by time spent in the
condition in minutes and seconds. ROL will only be calculated for BEA conditions.
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Scripts
Baseline/Control
Present the worksheet facedown to the individual and say,
“I want you to do some math for me. You will have one minute to complete as much as
you can. Work in order, starting with the first problem and work across the page. Do not
skip around. If you do not know how to solve a problem, try your best and move to the
next problem. Please show your work. Keep working until I tell you to stop. Do you have
any questions?...Begin”

OTBEA/Extended Analysis
Present the worksheet facedown to the individual and say,
“We are going to work on some math problems today. We will be doing something
different each time. Listen carefully as I explain the direction to you. When I am finished
explaining, you may ask me any questions you might have.”
MTM1 Condition
“Today we are going to do some math problems together. I will show you how to work
out each problem as you follow along on your own worksheet. You may ask questions are
we work.”
MTM2 Condition
“Today we are going to do some math problems together. I will show you how to work
out each problem as you follow along on your own worksheet. You may ask questions are
we work. After, you will have one minute to complete 3 separate, but identical math
worksheets on your own.”
MTM3 Condition
“Today we are going to do some math problems together. I will show you how to work
out each problem as you follow along on your own worksheet. You may ask questions are
we work. After, you will have one minute to complete 3 separate, but identical math
worksheets. As you are working, I will be following along to help you if you get stuck or
make an error.”
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MTM4 Condition
“Today we are going to do some math problems together. I will show you how to work
out each problem as you follow along on your own worksheet. You may ask questions are
we work. After, you will have one minute to complete 3 separate, but identical math
worksheets. As you are working, I will be following along to help you if you get stuck or
make an error. After you complete a worksheet, I will tell you had you did.”
MTM5 Condition
“Today we are going to do some math problems together. I will show you how to work
out each problem as you follow along on your own worksheet. You may ask questions are
we work. After, you will have one minute to complete 3 separate, but identical math
worksheets. As you are working, I will be following along to help you if you get stuck or
make an error. After you complete a worksheet, I will tell you had you did, and you will
chart your performance on a graph.”

93

APPENDIX G
RESEARCHER TRAINING QUESTIONS
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Researcher Training Questions

1. How do you calculate digits correct per minute?
2. How do you calculate ROL?
3. When do you implement the control during the extended analysis?
4. How is the control in the extended analysis different from baseline?
5. What steps are included in MTM 1?
6. What steps are included in MTM2?
7. What steps are included in MTM3?
8. What steps are included in MTM 4?
9. What steps are included in MTM 5?
10. What criteria is used for goal setting during the can do/won’t do assessment?
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APPENDIX H
TREATMENT INTEGRITY
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Student Name: ____________________

Date: _____________

IOA: Yes / No

Observer 1: _______________________

Observer #2: _________________________

MTM Condition: 1 2 3 4 5

Treat. Integ.______/______

Percentage: _________

Math to Mastery Treatment Integrity Forms
Step:

Completed:

PROBLEM PREVIEWING
1. The interventionist and the student have identical worksheets.
2. Interventionist models the correct problem completion by manually and
verbally completing all problem
3. While the interventionist models correct worksheet completion, the student
follows along on a separate but identical worksheet
4. Student is given 1 minute to complete the outcome worksheet
REPEATED PRACTICE
1. Student completes three separate worksheets in 1-minute trials
2. Student is given 1 minute to complete the outcome worksheet
CORRECTIVE FEEDBACK
1. Interventionist follows along so as to immediately identify calculation
errors. The interventionist then marks the incorrect digits and provides
corrective feedback.
2. Student is given 1 minute to complete the outcome worksheet
PREFORMANCE FEEDBACK
1. After each repeated practice, interventionist calculates and reports to the
student their DCPM.
2. Verbal praise and performance feedback is provided
3. The student is given a 1-minute outcome worksheet
SELF-MONITORING / CHARTING
1. For each repeated practice, student charts performance in Microsoft excel
2. The student is given a 1-minute outcome worksheet
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Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA
Y / N / NA

APPENDIX I
SOCIAL VALIDITY
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Post intervention Rating Scale
I agree

I do not
agree

2

1

3

1. I like the intervention we
used
2. I would use this
intervention again
3. The instructor was too
harsh on me
4. There were better ways
to teach me
5. The intervention could
help other kids too
6. I think this intervention
was too long
7. This intervention will
help me do better in
school

Participant Initials: ______________

Date:__________
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