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ABSTRACT 

Professional development (PD) is the method educators use to continue to learn and update their 

knowledge and instructional practices to increase student achievement. The literature provides 

several reiterations of effective PD components (Darling-Hammond et al., 2017). However, there 

is an emerging body of research looking to identify which components of PD are effective and 

necessary for different types of PD. For example, performance feedback is a commonly cited im-

portant component of PD, but is often very resource intensive (Samundre et al., 2024). Mowbray 

et al., 2024 demonstrated a functional relation between PD with ongoing performance feedback 

and an immediate and stable increase in teachers’ implementation of a mathematics vocabulary 

routine. However, it may be the teachers only required the PD, and not the performance feedback 

to achieve a high level of implementation. Therefore, this multiple baseline study across special 

education teachers replicates and extends Mowbray et al., (2024) to investigate if ongoing per-

formance feedback was a necessary component to improve teachers’ implementation. Results in-

dicated a functional relation between the PD and an immediate, sustained high level of imple-

mentation. This study contributes to the PD literature regarding the necessity of ongoing perfor-

mance feedback with a PD on mathematics vocabulary instruction and discusses some of the 

contextual variables that influence the outcomes of PD. Limitations, such as the one-on-one for-

mat of the PD, and future research to extend the PD to a small group format, are discussed.  
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1  Introduction 

The topic of this single-case design study is to evaluate a professional development (PD) 

training on a mathematics vocabulary instructional routine and special educators’ implementa-

tion of the practices when teaching students with or at risk for mathematics difficulty (MD; stu-

dents with a specific learning disorder in mathematics or those who persistently perform lower 

than their peers in mathematics outcomes). This study will use materials and procedures from 

prior studies on mathematics vocabulary instruction (e.g., Mowbray et al., 2024; Stevens et al., 

2023). Furthermore, the study will assess if the special education teachers require ongoing per-

formance feedback to reach and maintain a high level of implementation of the practices. 

Mathematics proficiency is equally as critical as literacy development for individuals’ 

well-being, financial autonomy, and ability to contribute to society (Vogel & Smedt, 2021; Hino-

josa et al., 2016). Mathematics competency, especially in word-problem solving, is a reliable 

predictor of employment opportunities and higher wages in adulthood (Chan & Kwan, 2021), 

and is a stronger predictor than many reading assessments (Powell et al., 2017). Research indi-

cates students who demonstrate mathematics vocabulary comprehension also perform higher on 

measures of mathematics (Cartwright et al., 2022; Fuchs et al., 2018; Peng & Lin, 2019; Turan & 

Smedt, 2022; Vanluydt et al., 2021; Vukovic & Lesaux, 2013). In 2010, schools nationwide in-

troduced Common Core State Standards for Mathematics requiring students to discuss and com-

municate about mathematics terms, concepts, problem solving and to provide verbal reasoning 

supporting viable arguments and critiques regarding mathematics processes (National Governors 

Association Center for Best Practices, Council of Chief State School Officers, 2010). While 

mathematics language consists of several factors (e.g., dialogue, syntax, gesturing, etc.) research-

ers have identified vocabulary as a crucial factor (Bay-Williams & Livers, 2009; Lin et al., 2021; 
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Peeples et al., 2023; Powell & Driver, 2015; Riccomini et al., 2015). Limited mathematics vo-

cabulary knowledge may impede students’ ability to fully comprehend the mathematical event in 

a word-problem, leading to an inappropriate strategy for solving (Hughes et al., 2016; Riccomini 

et al., 2015). This indicates educators may improve mathematics instruction, intervention, and 

remediation to accelerate students’ mathematics performance, especially those with learning dis-

abilities, by including mathematics vocabulary instruction (Chan & Kwan, 2021; Fuchs et al., 

2021; Nelson & Carter, 2022; Stevens et al., 2023, 2024; Swanson, 2014). 

In support of mathematics vocabulary instruction, the Institute of Education Sciences 

(IES) identifies effective instructional behaviors of vocabulary instruction, including providing a 

routine to teach mathematics-specific vocabulary explicitly and systematically with providing 

multiple opportunities for students to practice applying the terms in depth. This routine includes 

(a) student-friendly definitions (i.e., concise with familiar words); (b) relevant and relatable ex-

amples and nonexamples (if applicable); (c) appropriately scaffolded opportunities to engage in 

verbal or written explanations and application with immediate feedback (Fuchs et al., 2021). 

These instructional behaviors of explicit vocabulary instruction have been tested in recent ran-

domized control trials (e.g., Stevens et al., 2023) and resulted in improved mathematics vocabu-

lary outcomes for students with MD. Stevens et al. (2023) included 75 third-grade students iden-

tified with MD randomly assigned to three different conditions. The first condition included a 

word-problem solving intervention with mathematics vocabulary instruction (WP-V), the second 

condition included the word-problem solving intervention without the additional mathematics 

vocabulary instruction (WP-only), and the final condition was business-as-usual (BAU) where 

students received mathematics intervention from their school. Students in the WP-V and WP-

only conditions received virtual intervention for 50-min four times a week in small group of two 
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or three. Prior to the start of intervention, students received an intervention binder with printed 

lessons and materials (e.g., counting cubes and writing tools). During the intervention lessons, 

tutors projected the lesson content using a slide show and a videoconferencing platform while 

students following along with their printed materials. Both WP-V and WP-only conditions re-

ceived schema-based word problem solving lessons from the Small-Group Pirate Math Equation 

Quest (PMEQ; Powell, Berry, et al., 2021). For the WP-V condition, students began the interven-

tion session with a research-based mathematics vocabulary instructional routine (Fuchs et al., 

2021; Lin et al., 2021; Riccomini et al., 2015). First, the interventionist provided a student-

friendly definition of the term along with a student-relevant example or explanation. Second, stu-

dents discussed a visual related to the term and how the visual supports the meaning of the term. 

Third, the interventionist facilitated students choosing the correct use of the term in mathematics 

context between two different examples. Fourth, students discussed if four other terms were re-

lated or not related to the target term. Finally, using sentence frames, students completed an ap-

plication activity putting the term into practice in a mathematics context (Stevens et al., 2023). 

Students in the WP-V condition significantly outperformed students in the WP-only (ES = 0.45) 

and BAU (ES = 0.83) conditions on a mathematics vocabulary measure administered after inter-

vention. Although the results were not statistically significant, the WP-V condition also outper-

formed the WP-only (ES = 0.08) and BAU conditions (ES = 0.43) on a word-problem solving 

measure. These results provide preliminary support to include mathematics vocabulary instruc-

tion in the classroom for students with MD to improve their mathematics vocabulary knowledge, 

and potentially improve their overall mathematics performance. In light of the promising and 

growing research base supporting mathematics vocabulary instruction, researchers have recently 
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begun to explore how to develop and deliver PD in mathematics vocabulary instruction to teach-

ers (e.g., Mowbray et al., 2024; Orosco & Reed, 2023; Peeples et al., 2023). 

PD provides teachers an opportunity to learn about evidence-based instructional practices 

in order to change their teaching strategies to better support students with a wide variety of edu-

cational needs. Many reviews and extensions of the literature have iterated a similar consensus of 

effective PD components (e.g., Cirkony et al., 2024; Brownell et al., 2019; Darling-Hammond et 

al., 2017; Desimone, 2009; Dunst et al., 2015; Garet 2016; Gersten et al., 2014; Gusky 2003; 

Kennedy, 2016; Yoon et al., 2007). These elements include (a) being content-focused; (b) 

providing explanations and modeling from an expert; (c) incorporating active-learning opportu-

nities; (d) providing sufficient coaching and performance feedback; and (e) often facilitating 

teacher collaborationand reflection (Bates & Morgan, 2018; Desimone, 2023; Darling-Hammond 

et al., 2017; OECD, 2018; Yoon et al., 2007). Having a reliable and research-based set of effec-

tive PD components is important for those designing and delivering PD, as well as for schools 

and administration to identify PDs worthy of their limited resources (King et al., 2023; 

McChesney & Aldridge, 2021; Samudre et al., 2024; Sims & Fletcher-Wood, 2021) and those 

most likely to improve student outcomes (Dunst et al., 2015; Garbaz et al., 2015; Wang et al., 

2023). Many of the commonly listed effective PD components are not only logical and familiar 

but are also based on adult learning theory (Asterhan & Lefstein, 2024; Baird & Clark, 2018; 

Cirkony et al., 2024; Samundre et al., 2024). For example, it only makes sense for teachers to en-

gage in a PD that is content-focused or aligns with the academic subject they teach their students 

(Baird & Clark, 2018; Bates & Morgan, 2018; Brownell et al., 2019; Darling-Hammond et al., 

2017; Hayes et al., 2024). The content-focused PD topic is best introduced to teachers with a ra-

tionale for why they should incorporate it into their teaching repertoire, along with an explicit 
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explanation of how to do so (Begeny et al., 2023; Brownell & Leko, 2018; King et al., 2023; 

Saunders et al., 2024). Following the rationale and explanation, the next referenced effective PD 

component is providing teachers active learning opportunities (e.g., role-play or rehearsal) rein-

forced with performance feedback (Cirkony et al., 2024; Darling-Hammond et al., 2017; Hayes 

et al., 2024; Hunzicker 2012; Saunders et al., 2024; Wood et al., 2016). These PD components 

appear throughout systematic reviews, rapid reviews, meta-analyses, and other research-based 

syntheses leading researchers to a consensus they are indeed some of the most effective ingredi-

ents to change teacher behavior to promote higher student achievement (Ali et al., 2018; Bates & 

Morgan, 2018; Darling-Hammond et al., 2017; Desimone, 2009). However, it is important to 

note although the literature generally supports a set of critical PD components, there are gaps and 

inconsistencies which require further investigation. For example, many of the empirical studies 

included in these analyses do not incorporate all of the generally accepted effective components. 

Furthermore, the studies report inconsistent operational definitions and often do not agree on 

which components are the most critical (Gusky, 2003; King et al., 2023; Sims & Fletcher-Wood, 

2021). The PD analyses also regularly identify unreliable and inconsistent student outcome 

measures as a major limitation (Hayes et al., 2024; Kennedy & Stevenson, 2023).  Finally, re-

searchers often include the lack of methodological rigor of PD studies as another critical limita-

tion (Asterhan & Lefstein, 2024; Desimone, 2023; Gusky, 2003; Hayes et al., 2024; Sims & 

Fletcher-Wood, 2021). An emerging subset of PD research, reflecting on these inconsistencies 

and limitations, is moving away from establishing a blanket set of components for all PD. The 

research now recommends considering the complexity of the many variables (e.g., content areas, 

teacher experience, instructional techniques, behavior management, student populations, etc.) 

within the vast spread of PD programming (Asterhan & Lefstein, 2024; Bragg et al., 2021; King 
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et al., 2023; McChesney & Aldridge, 2021; Samundre et al., 2024; Wood et al., 2016). Rather 

than a set of effective components for all PD, researchers are now recommending investigating 

which components work for which PD and for which teachers (Cirkony et al., 2024; Desimone, 

2023; Kennedy, 2016; Samudre et al., 2024). This line of inquiry seeks to produce more effective 

PD with either less components or more individualization based on the teachers’ and their stu-

dents’ needs. By streamlining or systematically enhancing PD, delivery could be potentially 

more efficient, use less resources, and reach a broader population of teachers. A more effective, 

efficient, and individualized PD knowledge base reaching more teachers would potentially cul-

minate in better supporting the growing and diverse needs of current student populations to in-

crease their academic achievement.   

Definition of Terms 

Implementation of Practices. The extent to which the educational material is presented and 

taught as intended based on the expected teacher behaviors (Sancar et al., 2021). 

Instructional Practices. The evidence-based methods educators use on a consistent basis to 

teach content and adjust strategies to fit the needs of diverse learners (IRIS Center, 2006).  

Mathematics Difficulty (MD). Students diagnosed with a mathematics-specific learning disabil-

ity or those who persistently perform lower than their grade level on mathematics outcome 

measures (Powell et al., 2019). 

Mathematics Vocabulary Map. A visual document presenting a unique mathematics term asso-

ciated with word-problem solving and five instructional sections (i.e., student-friendly definition, 

illustration, context examples, related and unrelated terms, and application activity) with a range 

of associated instructional behaviors (e.g., Teacher states the term; Stevens et al., 2023; Figure 

1). Figure 1 
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Greater Vocabulary Map 

 

Note: Copyright © 2021 Georgia State University. This is a copyrighted work and should not 

be reproduced, shared, or otherwise disseminated (including digitally) without permission; 

Stevens et al., 2023. 

Performance Feedback. A component of PD where after observation of the target practices, 

teachers receive corrective and positive feedback regarding their performance on the instruc-

tional elements (Darling-Hammond et al., 2017).  
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Professional Development (PD). The common method for providing new information regarding 

instructional practices and improving educators’ implementation of practices in efforts to im-

prove student learning outcomes (Darling-Hammond et al., 2017). 

Statement of Purpose 

Mathematics vocabulary is a critical instructional element to support students in mathe-

matics performance (Chan & Kwan, 2021; Fuchs et al., 2021; Nelson & Carter, 2022; Swanson, 

2014). Research supports there is a positive relationship between students’ vocabulary 

knowledge and their overall mathematics performance (Lin et al., 2021; Peng et al., 2020). How-

ever, mathematics vocabulary instruction is often missing in the classroom, most often due to 

lack of teacher preparation (Bay-Willaims & Livers, 2009; Peeples et al., 2023; Powell et al., 

2022; Riccomini et al., 2015). Therefore, there is a need to provide teachers with effective PD in 

mathematics vocabulary instruction (Forsyth & Powell, 2017; Fuchs et al., 2021; Stevens et al., 

2023). This study is a replication of Mowbray and colleagues’ (2024) multiple baseline single-

case study where the data demonstrated a functional relation between a PD package (i.e., an ini-

tial training and ongoing, immediate verbal performance feedback) and an increase in special ed-

ucation teachers’ implementation practices of a mathematics vocabulary routine The researchers 

developed the PD package based on the procedures from Stevens and colleagues’ (2023) ran-

domized control trial investigating the effects of mathematics vocabulary instruction paired with 

mathematics word-problem solving instruction. In efforts to deliver the PD in a more efficient 

manner (i.e., without ongoing immediate verbal feedback), this study investigated if there was a 

functional relation between only the initial PD and teachers’ implementation practices of a math-

ematics vocabulary routine without performance feedback. Specifically, this study aimed to an-

swer these research questions: 



 9 

1. Is there a functional relation between a virtual professional development in a mathe-

matics vocabulary routine and special education teacher’s implementation of the prac-

tices?  

2. If teachers do not meet or maintain mastery criterion (e.g., at least 92% implementa-

tion of the practices across three consecutive lessons) will performance feedback in-

crease implementation of the practices?   

3. What are the teachers’ perceptions of the intervention? 

Significance of the Study  

This multiple baseline study across teachers focused on changing teachers’ implementa-

tion of practices in a mathematics vocabulary routine through PD, and determined if these partic-

ipants required ongoing performance feedback. It is also a replication and extension of a prior 

study conducted by Mowbray and colleagues (2024). Study replication does not occur often 

enough, (Gage et al., 2019; Grasley-Boy et al., 2020) although it is helpful to substantiate find-

ings and establish external validity, especially within single-case research designs (Ledford & 

Gast, 2018). Conceptual replications do not require every factor of a prior study to be the same. 

Therefore, if the results are similar, conceptual replications suggest the methods are generaliza-

ble and have high external validity (Gage et al., 2019; Grasley-Boy et al., 2020). The data from 

Mowbray et al., 2024, demonstrated a functional relation between the initial PD combined with 

ongoing, immediate performance feedback and teachers’ implementation practices of an explicit 

mathematics vocabulary routine. However, the design did not allow analysis of a differential ef-

fect of the initial PD alone without the combined effect of the ongoing performance feedback. 

One-on-one verbal feedback is a relatively intensive component of PD, and this replication 
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explored to what extent, if any, performance feedback was necessary for the teachers to effec-

tively implement the vocabulary practices.   

In addition to informing the literature base on mathematics vocabulary instruction 

through a replication study, this study also contributes to the literature base on effective PD com-

ponents. Although there is currently a consensus on effective PD design principles (e.g., perfor-

mance feedback), some researchers question the saturation and acceptance of these design princi-

ples due to problematic empirical foundations, inconsistencies, lack of student outcome 

measures, and the overall complexity of PD and teacher learning (Asterhan & Lefstein, 2024; 

Hayes et al., 2024; King et al., 2023; McChesney & Aldridge, 2021; Sims & Fletcher-Wood, 

2021). With these arising questions concerning PD, along with existing research (e.g., Mowbray 

et al., 2024; Orosco & Reed, 2023; Peeples et al., 2023) this study continued to explore if ongo-

ing performance feedback is a necessary PD component for teachers to learn and successfully 

implement a mathematics vocabulary routine.  

Assumptions 

Assumptions for all teacher participants were, at the time of the study, they were special 

educators who work with elementary students with MD. Teachers did not have prior knowledge 

or training in explicit mathematics vocabulary instruction and had not used a mathematics vocab-

ulary map in their instruction. Teachers had the experience and ability to provide virtual instruc-

tion including being able to navigate the video-conferencing platform and digital slideshow. An-

other assumption is the teacher participants were looking to improve their mathematics instruc-

tion by implementing the mathematics vocabulary routine with their students in efforts to im-

prove students’ mathematical vocabulary knowledge. The final assumption for the teacher 
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participants is they remained engaged throughout the duration of the study, finishing with an 

honest response to the social acceptability questionnaire.  

Assumptions for all student participants were, at the time of the study, they were third or 

fourth graders with or at risk of MD, and had the ability to vocally communicate through the 

video-conferencing platform with an attention endurance of up to 20-min. The final assumption 

for student participants was either they were able to independently log in to their session on time, 

or there was a caregiver present to aid the student with logging in to the video-conferencing plat-

form on time.    

Limitations 

This multiple baseline study was conducted completely virtually, which is most likely not 

the main mode of instruction for the participants. Therefore, replications and results conducted in 

person may vary. Additionally, there was a small sample size (e.g., four dyads) and instruction 

was one-on-one, rather than a more traditional small group for Tier-2-type instruction. This limi-

tation may have resulted in over or undersampling from a group of teachers who are more (or 

less) apt to develop new instructional skills in this format. Finally, this study did not experimen-

tally evaluate how the change in teachers’ implementation of the practices may have affected the 

students’ mathematics vocabulary growth or mathematics performance in general.  

Overview of the Study 

 This multiple baseline across special educators replication study was developed in ac-

cordance with Georgia State University’s Internal Review Board (IRB) and dissertation guide-

lines for the Special Education Ph.D. program. Chapter 1 provides an overview of the study and 

includes the problem statement, purpose of the study, definition of terms, significance of the 

study, and assumptions and limitations. Chapter 2 provides further rationale for the study, 
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including reviewing and discussing the existing literature related to PD, and discussing PD spe-

cifically regarding mathematics vocabulary instruction. Next, Chapter 3 describes the methodol-

ogy for conducting the single-case design study. Chapter 4 provides an analysis of the collected 

data. Finally, Chapter 5 includes a summary of the findings, teachers’ acceptability of the inter-

vention, and conclusions from analysis with accompanying limitations and suggested future re-

search.    
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2  REVIEW OF THE LITERATURE 

This chapter briefly summarizes the current research on effective mathematics vocabu-

lary instruction. Moreover, this chapter presents the current research surrounding effective edu-

cational PD, including the current recommendations and research-to-practice barriers. Finally, 

the limited research in PD for mathematics vocabulary instruction is discussed. 

Current Challenges to Providing Effective Mathematics Vocabulary 

Students will encounter many mathematics terms through the course of their academic 

career (Hughes et al., 2020; Powell, Bos, et al., 2021). Mathematics language ranges in complex-

ity and is cumulative across students’ academic careers (Cavanagh, 2005; Lin et al., 2021; Pow-

ell et al., 2017; Schleppegrell, 2007). Therefore, many students require additional systematic 

mathematics vocabulary instruction (Bay-Williams & Livers, 2009; Fuchs et al., 2021; Jitendra 

et al., 2004; Riccomini et al., 2015; Schleppegrell, 2007). However, due to several factors, stu-

dents often do not receive this additional instructional support. One reason is mathematics teach-

ers may not have training in planning for and implementing mathematics vocabulary instruction 

(Bay-Williams & Livers, 2009; Powell et al., 2022; Riccomini et al., 2015). These teachers may 

believe students will implicitly learn word-problem specific vocabulary through repeated expo-

sure, use of manipulatives, and as their computational skills increase (Turan & Smedt, 2022). 

Additionally, typical beginning-of-year curriculum and assessment practices do not provide 

teachers an opportunity to assess students’ mathematics vocabulary knowledge from prior years 

(Powell et al., 2017). Therefore, although students may have incomplete mathematics vocabulary 

knowledge from previous grades due to limited practice opportunities or informal definitions, 

teachers are often unable to identify these gaps. Similarly, even if teachers are aware of the im-

portance of explicitly teaching mathematics vocabulary, they may be overwhelmed with 
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selecting from so many terms as most curriculums (even well-scripted ones) do not provide sup-

port to implement best practices for mathematics vocabulary instruction (Nelson & Carter, 2022; 

Barnes & Stephens, 2019). Fortunately, there is a growing body of research on effective mathe-

matics vocabulary instruction and intervention. For example, Stevens and colleagues (2024) con-

ducted a systematic review on the effects of mathematics vocabulary interventions on student 

outcomes. The results suggest the practice supports higher-level mathematics reasoning (e.g., 

word-problem solving) and describes research-based instructional practices to promote mathe-

matics vocabulary knowledge. As the extant literature continues to corroborate and fine-tune 

mathematics vocabulary instructional practices, the research also needs to investigate the most 

effective ways to translate and transfer these strategies to teachers (e.g. PD). To date, there is lit-

tle research yet on providing teachers PD to effectively implement mathematics vocabulary in-

struction in the classroom (e.g., Orosco & Reed, 2023; Peeples et al., 2023). 

Professional Development 

PD is the method in which educators learn and update their understanding on pedagogy, 

meeting the needs of diverse students, content knowledge, educational policy, and other support-

ing strategies to improve their classroom practices to ultimately increase student achievement 

(Ali et al., 2018; Brownell et al., 2019; Darling-Hammond et al., 2017; Joyce & Showers, 1996; 

OECD, 2018; Wilkenson et al., 2020; Wang et al., 2023). PD is often a requirement for teachers 

to maintain their certifications and licensures (Cirkony et al., 2024). Teachers may attend PD in a 

variety of ways, including specialist courses, certification programs and endorsements, work-

shops, seminars and webinars, conferences, reading peer-reviewed research (Brownell & Leko, 

2018; Martin et al., 2019; Sancar et al., 2021). Furthermore, PD is offered both virtually and in-

person, one-on-one, in small groups, or with larger groups such as with the whole school or 
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district (Ali et al., 2018; Baird & Clark, 2018; McChesney & Aldridge, 2021). PD topics range 

over every aspect of education (e.g., classroom management, second language acquisition, dis-

covery learning, fractions, phonics, etc.), across grade levels (i.e., pre-school to higher educa-

tion), and abilities (e.g., students with LD, gifted and talented, students with mild or moderate 

disabilities, etc.). Finally, the duration of PD fluctuates from hours to, weeks, months, and some-

times even years (Bragg et al., 2021; Samundre et al., 2023; Wood et al., 2016). Typically, teach-

ers attend a PD with a specific topic (e.g., reading instruction, scientific exploration) where an 

expert (a) explains the rationale for incorporating the topic into teachers’ educational repertoire, 

(b) identifies which student population would most benefit from the instructional practices and 

expected outcomes, (c) provides some examples, techniques, or methodology of implementing 

the practices, and (d) ends with the expectation teachers will take their new knowledge and alter 

their teaching to benefit their students (Ali et al., 2018; Begeny et al., 2023; Bragg et al., 2021; 

Brownell & Leko, 2018; Wood et al., 2016). In short, the goal of PD is to introduce new research 

and evidence-based practices into teachers’ instructional practices, which in turn, promote im-

proved student outcomes (Bates & Morgan, 2018, Dunst et al., 2015; Garbaz et al., 2015; 

Peeples et al., 2023). 

Research suggests both novice and experienced teachers benefit from PD as a reliable 

method to inform and improve their instructional practices (Ali et al., 2018; Brownell et al., 

2019; Darling-Hammond et al., 2017; OECD, 2018). For example, Griffin and colleagues (2018) 

provided PD for 23 elementary mathematics teachers who work with students with MD and other 

learning disabilities, with experience ranging from two years to 39 years. The results indicated 

the PD positively affected the participants’ mathematics instructional practices (Griffen et al., 

2018). Similarly, Goodnight and colleagues (2020) provided reading instruction PD for eight 
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kindergarten teachers with experience ranging from one year to 25 years. The results indicated 

all participants improved their students’ active responding in phonemic awareness and phonics 

instruction (Goodnight et al., 2020). As research continues to produce effective evidence-based 

instructional strategies, teachers need to continuously update their pedagogical skills alongside 

technology developments and instructional techniques to support more individualized, differenti-

ated teaching and the special learning needs of a diverse population of students (Ali et al., 2018; 

Hayes et al., 2024; McMaster et al., 2021). Over the last few decades, researchers have identified 

expectations and recommendations to rely on certain components to generate and deliver effec-

tive PD (Asterhan & Lefstein, 2024; Desimone, 2023; Cirkony et al., 2024; Darling-Hammond et 

al., 2017; Yoon et al., 2007). In the 1970s, research indicated efforts to improve teaching prac-

tices were not translating to the expected student outcomes. Joyce and Showers (1980) intro-

duced the suggested practice of including a peer-coaching component in PD. This model of peer-

coaching included modeling, role-playing practice, authentic practice in the classroom, and per-

formance feedback (Ali et al., 2018; Joyce & Showers, 1980; Wood et al., 2016). This training 

model continued to develop and progress in the literature to include frameworks for mentoring, 

peer- or collaborative-coaching, cognitive coaching, specialist coaching, literacy coaching, and 

instructional coaching (Ali et al., 2018; Darling-Hammond et al., 2017; Yoon et al., 2007). While 

the terminology for an expert providing instructional support varies across the literature, the evi-

dence-based components of providing teachers with content-focused PD through expert model-

ing and active practice opportunities with immediate performance feedback remain prevalent 

(Hayes et al., 2024; King et al., 2023).   

However, many teachers may still experience PD in a “sit-and-get” session or in-service 

for the entire school or county, without modeling and active practice opportunity components 
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(Ali et al., 2018; Brownell et al., 2019; Goodnight et al., 2020; Kraft et al., 2018; Wood et al., 

2016). This “sit- and-get” approach to PD is often not relevant to all teachers, especially special 

education teachers, and may also be disconnected from classroom instruction (Cirkony et al., 

2024; Garbaz et al., 2015; Griffin et al., 2018; Samudre et al., 2024; Wood et al., 2016). For ex-

ample, a district may bring in an expert on classroom management to deliver a day-long work-

shop for all elementary teachers. While the expert may have deep knowledge on classroom man-

agement, present the information well, and even provide materials for teachers to take back to 

their classroom, the PD cannot be targeted to individual teachers’ (and their students’) needs 

(Baird & Clark, 2018; OECD, 2018; Samudre & LeJeune, 2023). Classroom management will 

look different based on many variables including grade level, class size, classroom set-up, 

teacher experience, student population, school-wide expectations, teacher-student ratio, and even 

the content and associated activities (Baird & Clark, 2018; King et al., 2023; Sims & Fletcher-

Wood, 2021). Additionally, providing teachers with “sit-and-get” PDs on evidence-based prac-

tices alone will not usually alter their instructional practices or improve student outcomes (Cir-

kony et al., 2024; Dunst et al., 2015; Garbaz et al., 2015; Joyce & Showers, 1980; McChesney & 

Aldridge, 2021; Wang et al., 2023). Potentially this PD format may cover topics in a superficial 

or general manner, resulting in a shallow depth of knowledge and providing fragmented sugges-

tions (Kraft et al., 2018; McChesney & Aldridge, 2021; Yoon et al., 2007). Even if a “sit-and-

get” PD is more specific in content and student population, lecture-style delivery does not allow 

for teachers to engage with the strategies or the time to process how to incorporate them into 

their instructional repertoire (Desimone, 2023; Griffin et al., 2018; Hagermoser Sanetti et al., 

2013; Hunzicker, 2012; Saunders et al, 2024). In order for teachers to accept a PD strategy, or 

decide it is worth bringing into their classroom, the PD topic must relate to their goals and their 
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students’ needs (Baird & Clark, 2018; Darling-Hammond et al., 2017; Hayes et al., 2024; 

McChesney & Aldridge, 2021). Once a teacher deems the PD is appropriate for their classroom, 

and will ultimately benefit their students, they will often require practice with performance feed-

back. If teachers bring a PD strategy back into their classroom, but their implementation is inac-

curate or inconsistent, there will often be no effect, or even a negative effect, on student out-

comes (Darling-Hammond et al., 2017; Dunst et al., 2015; Leko & Brownell, 2009; McChesney 

& Aldrige, 2021; Owens et al., 2020; Samundre et al., 2024; Wood et al., 2016; Yoon et al., 

2007).  

There is a plethora of research dedicated to identifying critical components of PD. Over 

the last quarter century, there have been many studies, literature reviews, meta-analysis and other 

synthesized findings focused on generating the core components of effective PD to facilitate 

teacher improvement with the ultimate expectation of improving student outcomes (Bates & 

Morgan, 2018; Desimone, 2023; Darling-Hammond et al., 2017; OECD, 2018; Yoon et al., 

2007). 

Professional Development Design Components 

In efforts to support teachers in the ever-changing landscape of evidence-based educa-

tional reform and effective instruction for diverse student populations, educational researchers 

are still investigating the critical components of PD. Since the turn of the century, this effort has 

led to numerous publications of research-based synthesized findings (e.g., Desimone, 2009; Dar-

ling-Hammond et al., 2017; Gusky, 2003; Yoon et al., 2007). Though the lists of effective PD 

components have varying terminology and have been conventionalized, extended, reiterated, and 

sometimes even challenged, there is a general consensus of what should appear in PD (Asterhan 

& Lefstein, 2024; Hayes et al., 2024; Sims & Fletcher-Wood, 2021). While not an exhaustive or 
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systematic list, Table 1 shows the components reported in a sample of content-focused PD stud-

ies conducted over the last 20 years relevant to the current study. In alignment with definitions 

used throughout this manuscript, content focus refers to a specific academic subject and learning 

goal that aligns with the standards and curriculum the teacher participants adhere to in their 

classroom. The expert modeling component indicates the PD provider is well-versed and highly 

trained on the topic and provides a full demonstration of the skill with fidelity. The study in-

cludes active learning if teachers have the opportunity to engage with the topic during the PD 

through role-play or rehearsal. The performance feedback component is based on an observer 

collecting fidelity data on teachers’ implementation, either during active learning opportunities 

or following PD during implementation. Therefore, performance feedback requires the report of 

a fidelity measures and does not include reports of informal or anecdotal feedback. Ongoing 

coaching or expert support refers to teachers continuing to receive assistance or additional train-

ing, modeling, or practice following the initial PD. Collaboration refers to teachers having the 

opportunity to work together, lesson plan, or problem-solve following the initial PD and class-

room implementation. The reflection component indicates the study facilitating teachers to re-

view and assess their own implementation of the instructional practices compared to the initial 

modeling or fidelity measures. Any report of time spent in the initial PD, with ongoing support, 

collaboration, or reflection fulfils the duration component. Finally, the fidelity measure compo-

nent denotes if the study included an objective, researcher-developed or standardized tool to 

evaluate the teachers’ implementation of the instructional practice. If the study did not explicitly 

report the component, but it may have been included on some level (e.g., part of the ongoing 

coaching included facilitating teacher collaboration and reflection) the component is marked not 

directly reported in the study (NR). 
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Albritton et al., 2018 early literacy x x x x    x 

Begeny et al., 2023 elementary reading x x x x   x x 

Buczynski & Hansen, 2010 middle grades science x x  x NR x x  

Cuticelli et al., 2016 elementary literacy   x x     

Davenport et al., 2019 sight word reading x x x     x 

Doppelt et al., 2009 middle grades science  x x  x x x x  

Gersten et al., 2010 elementary reading  x NR x x NR x x 

Goodnight et al., 2020 elementary reading x x x x   x x 

Greenleaf et al., 2011 high school biology x x  x x x x  

Griffin et al., 2018 elementary mathematics x x  x x x x  

Kennedy et al., 2017 
middle grades science 

vocabulary x  x x    x 

Landry et al., 2006 early literacy NR x NR x x  x x 

Landry et al., 2009 early literacy x x x x x x x x 

Lara-Alecio et al., 2012 elementary science NR x x x x x x x 

McCollum et al., 2013 early literacy  x x x x  x x 

Mowbray et al., 2024 
elementary mathematics 

vocabulary x x x x   x x 

Namasivayam & Willett, 2011 explicit vocabulary NR x  x NR NR x x 

Orosco & Reed, 2023 
elementary mathematics 

vocabulary x x x x   x x 

Peeples et al., 2023 
middle grades mathematics 

vocabulary x  x x    x 

Polly et al., 2015 elementary mathematics NR x NR x x x x NR 

Powell et al., 2010 early literacy x  x x  x x x 

Roth et al., 2011 elementary science x x NR x x x x x 

Shernoff et al., 2017 middle science   x   x x x  

Smith & Williams, 2020 middle reading  x NR  x x x x  

Taylor et al., 2017 elementary science x x x x x x x x 

Toews et al., 2024 elementary reading x  x x   x x 

Vernon-Feagans et al., 2015 elementary reading NR x x x NR NR x x 

Vernon-Feagans et al., 2018 elementary reading x x x x  x x x 

Wang et al., 2023 elementary reading x x x x   NR x 

Wasik & Hindman, 2011 early vocabulary x x x x NR x x x 

Note. NR = not directly reported in the study. 
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These included studies span a range of content focus, student populations, experimental designs, 

fidelity and outcome measurements, and teacher experience. Each of these studies report many 

similar and consistent components for effective PD, despite the research covering over 20 years. 

However, it is also clear not all effective PD includes each suggested component, nor do the au-

thors always provide a rationale of their choices. From this sample, ongoing coaching or expert 

support commands the most often reported component (i.e., 28 of the 30 studies). However, on-

going coaching and or support is usually the most resource intensive component. Furthermore, 

there is no set intensity or duration recommendation in the literature (Begeny et al., 2023, Bragg 

et al., 2021; Cirkony et al., 2024; Hagermoser Sanetti et al., 2013; Samudre et al., 2024; Saun-

ders et al., 2024; Wood et al., 2016). For example, 25 of the 30 sample studies included duration 

information, however, this data spanned initial PD duration, ongoing coaching duration, perfor-

mance feedback duration, and overall duration. Each study presenting duration data reported dif-

ferent rates across the components and rarely provide justification beyond teachers’ availability 

and resource time constraints. Despite the variability across the inclusion and duration of the 

components, the majority of these content-focused PDs have comparable representations of ex-

pert modeling, active learning, and performance feedback.  

Content Focused 

As content, or academic subject matter, is the connection between pedagogical theory and 

instructional practice, it is often the first component to consider for effective PD (Bates & Mor-

gan, 2018; Baird & Clark, 2018). In addition to PD being focused on specific curriculum content 

(e.g., mathematics, science), the PD should also include evidence-based instructional strategies 

relevant to, and appropriate for, the teachers’ student population. Without specific strategies to 

provide the content instruction, content-focused PD will not change teachers’ instructional 
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behaviors alone (Desimone, 2009; Hunzicker, 2012; OECD, 2019; Wood et al., 2016). For ex-

ample, Taylor and colleagues (2017) provided PD for middle grades science teachers to develop 

and implement a sequence of lessons to increase student engagement and achievement. Students 

of teachers participating in the PD significantly outperformed their peers in the control group 

(i.e., students of teachers who did not receive the PD) on a content knowledge measurement (ES 

= 0.52; Taylor et al., 2017).  

Modeling 

Much like with student learning, providing modeling during PD allows teachers to visual-

ize and more easily implement the intended instructional practices (Ali et al., 2018; Brownell et 

al., 2019; Hagermoser Sanetti et al., 2018). The practice of modeling originates from Bandura’s 

(1977) social learning theory and may include various forms of modeling (e.g., video, demon-

stration, observations, case studies) depending on the content and associated materials. In any 

case, teachers observe an expert performing the skill or instructional strategies with fidelity. Be-

yond providing teachers with an accurate visual representation, modeling potentially increases 

social acceptability and may initially establish motivation and inclination to actively engage with 

the PD (Begeny et al., 2023; Brownell et al., 2019). Shernoff and colleagues (2017) reported in-

terventionists responded positively and demonstrated more “buy-in” when coaches effectively 

demonstrated the skills they presented to teachers. Following a four-day PD emphasizing pro-

ject-based learning for science instruction, teachers reported the expert modeling was beneficial 

to their development, and some reported they would benefit even more from additional model 

lesson plans and assessments (Shernoff et al., 2017). 

Active Learning Opportunities with Performance Feedback 
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Adult learning theory considers how teachers themselves learn (Cirkony et al., 2024; 

Baird & Clark, 2018; Hunzicker, 2012). Avoiding “sit-and-get” or lecture-style learning models 

during PD and providing an interactive experience encourages more engagement, motivation, 

and meaning for teachers (Bates & Morgan, 2018; Garbaz et al., 2015; Griffin et al., 2018; Wood 

et al., 2016). PD may be interactive by providing examples of student work, introducing and re-

viewing materials and resources teachers can take and use in their classroom, creating or show-

ing lesson plans and outlines for classroom use, offering participation and modeling opportuni-

ties. One meaningful way for PD to incorporate active learning opportunities is through teachers 

role-playing or rehearsing the skill. Teachers may begin role-playing as a student, and then re-

sume their role as teacher. For example, the mathematics vocabulary PD from Mowbray and col-

leagues (2024), included the provider modeling the vocabulary routine with the teacher as the 

student. The teacher then rehearsed delivering the vocabulary instruction to the provider, receiv-

ing immediate performance feedback (Mowbray et al., 2024) 

When teachers are engaged and the experience is meaningful, they are more likely to pos-

itively change their instructional practices to support improved student outcomes (Dunst et al., 

2015; Griffin et al., 2018). Polly and colleagues (2015) provided PD for elementary mathematics 

teachers with numerous active learning opportunities throughout summer workshops and follow-

ing up with learning activities embedded in the classroom throughout the school year. Students 

of teachers who practiced with the research team consistently demonstrated significantly higher 

gains in mathematics performance (Polly et al., 2015). For active learning to be most effective, 

teachers must have sufficient time to engage with and learn the content, instructional strategies, 

and any associated differentiation methods and assessments. The time requirement will often 

range depending on the PD’s goal, as well as between teachers’ experience and their student 



 24 

populations (Bates & Morgan, 2018; Cirkony et al., 2024; Cuticelli et al., 2016; Goodnight et al., 

2020; Martin et al., 2019; Saunders et al., 2024). Furthermore, active learning is best supported 

with a fidelity measure informed performance feedback (Begeny et al., 2023; Cuticelli et al., 

2016; Goodnight et al., 2020; Saunders et al., 2024). Performance feedback based on fidelity 

data allows for the PD provider to provide targeted, individualized support for teachers. Depend-

ing on the PD topic and prior experience, teachers may be able to demonstrate a high-level of im-

plementation following the PD from active learning opportunities with immediate performance 

feedback (Cirkony et al., 2024; Martin et al., 2019). When based on a fidelity measures, the per-

formance feedback will inform the PD provider (and teacher) if they require more practice and 

support, or if they are ready to implement the instruction with students. Therefore, while poten-

tially initially time consuming, sufficient active learning opportunities with performance feed-

back may actually be more effective and resource efficient in the end (Begeney et al., 2023; Cuti-

celli et al., 2016; Goodnight et al., 2020; Hayes et al., 2024; King et al., 2023; Saunders et al., 

2024). 

Ongoing Coaching and Performance Feedback  

Since Joyce & Showers (1980) introduced teacher coaching, there have been various 

terms and definitions associated with the concept (Ali et al., 2018; Hayes et al., 2024; King et al., 

2023; Sims & Fletcher-Wood, 2021). In general, the person responsible for delivering PD and 

providing performance feedback should be an expert in both the content and the pedagogy of the 

instructional practices. Especially for more complex and larger scale PD, ongoing coaching pro-

vides teachers with individualized, continuing support in instructional implementation over time 

(Ali et al., 2018; Bates & Morgan, 2018; Darling-Hammond et al., 2017; Hagermoser Sanetti et 

al., 2018; Shernoff et al., 2017). Coaching often includes observing teachers during classroom 



 25 

instruction and providing ongoing performance feedback based on data collection (Brownell et 

al., 2019; Cuticelli et al., 2016; Darling-Hammond et al., 2017; Sayeski et al., 2019). The ra-

tionale for ongoing coaching and performance feedback is to support teachers’ implementation 

of the practices with fidelity to thereby ultimately improve student outcomes (Albritton et al., 

2018; Cuticelli et al., 2016; Fallon et al., 2019). Following the initial PD, Lara-Alecio and col-

leagues (2012) provided ongoing coaching and performance feedback on teachers’ implementa-

tion fidelity following observations of during science-inquiry based lessons. On a district science 

benchmark, students of teachers who participated in the PD consistently outscored their peers 

(i.e., students of teachers who did not receive the PD; Lara-Alecio et al., 2012). 

Limitations to Professional Development Design Components 

 Although there is a plethora of literature supporting a consensus on PD components, re-

searchers are starting to question the profusion and acceptance of these design principles as a 

necessary whole package. One of the foremost concerns discussed in recent literature is the in-

consistent, and sometimes contradictory, inclusion and description of the design components 

(Asterhan & Lefstein, 2024; Cirkony et al., 2024; Desimone, 2023; Gusky, 2003; Kennedy, 

2016; Sims & Fletcher-Wood, 2021). While many recent PD studies’ findings are in line with the 

more traditionally accepted components (e.g., expert modeling and active learning opportuni-

ties), the research is still inconsistent in recommendations for the intensity and duration of per-

formance feedback and coaching (Asterhan & Lefstein, 2024; Gusky, 2003; Sims & Fletcher-

Wood, 2021; Yoon et al., 2007). Additionally, although collaboration and reflection align with 

adult learning theory and are often discussed as beneficial components in PD analyses, they are 

often not reported or explored in empirical studies (Asterhan & Lefstein, 2024; Baird & Clark, 

2018; Cirkony et al., 2024; Samundre et al., 2024). In other words, there are recently published 
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studies that demonstrate successful student outcomes without including one or more of the tradi-

tionally recommended primary PD components. For example, the extant PD literature commonly 

recommends PD to be content-focused to be effective(Hayes et al., 2024; McChesney & Al-

dridge, 2021). Logically, teachers should engage in PD which will support the content areas they 

teach to support their students’ growth. However, some PD focuses on more holistic interactions 

between teachers and students, and between students themselves. The PD literature also includes 

studies regarding student teacher interactions (Allen et al., 2015), classroom management (Dar-

ling-Hammond et al., 2017), and behavior management (Owens et al., 2020; Samudre & 

LeJeune, 2023). These studies demonstrated positive student outcomes such as improved on-task 

behavior (Samudre & LeJeune, 2023) and overall achievement on state standardized testing (Al-

len et al., 2015). Similarly, upper elementary mathematics teachers participated in a PD to im-

prove their own mathematics knowledge, further develop their understanding of students’ under-

standing and approach to mathematics learning, as well as different means of formal and infor-

mal mathematics assessment. This PD is clearly content-focused, and teachers engaged in discus-

sions and activities, but never observed experts modeling mathematics instruction (Saxe et al., 

2001). However, students of teachers who engaged in the PD outperformed students of teachers 

in a control group (i.e., teachers who did not receive any PD), and those of teachers who met to 

collaborate on lesson plans and their experiences with mathematics instruction (Saxe et al., 

2001). Regarding active learning as a critical PD component, McGill-Franzen and colleagues 

(1999) provided kindergarten teachers training on how to set up their classroom and instruction 

to facilitate student access to books. The training included examples and techniques on how to 

include interactive activities to pair with read-alouds, but did not offer teachers an opportunity to 

practice within the PD. However, students of teachers who participated in the PD outperformed 
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students in the control group at end-of-year testing on print concepts and early literacy measures 

(McGill-Franzen et al., 1999). Finally, while there are different levels and opportunities for per-

formance feedback and coaching, some PD is still successful without either of these two recom-

mendations. Penuel and colleagues (2011) provided middle school science teachers high-level 

training in instruction and assessment activities for a new science curriculum. Although the 

teachers did not receive performance feedback during the PD or any ongoing coaching, their stu-

dents outperformed other students across unit tests throughout the year (Penuel et al., 2011).  

Ongoing performance feedback and coaching is often cited as the most resource intensive 

PD component, and yet also of the most critical (Begeny et al., 2023, Bragg et al., 2021; Cirkony 

et al., 2024; Darling-Hammond et al., 2017; Hagermoser Sanetti et al., 2013; Samudre et al., 

2024; Saunders et al., 2024; Wood et al., 2016). However, recent research supports teachers may 

not need ongoing performance feedback or coaching, especially with a highly scripted or con-

sistent routine instructional format. For example, Begeny and colleagues (2023) conducted a 

multiple baseline design across reading interventionists and reported almost half of the interven-

tionists (n = 8) did not need coaching after the initial PD. The remaining interventionists (n = 9) 

began implementation in baseline at a high level with a stable or upward trend, with some reach-

ing 100% implementation before intervention (Begeny et al., 2023). Similarly, Goodnight & col-

leagues (2020) provided phonemic awareness and phonics instruction PD to kindergarten teach-

ers (n = 9) and reported two-thirds (n = 6) of the participants reached mastery criterion without 

coaching.   

Beyond the recognizing missing recommended PD components, it is important to note 

none of the studies experimentally explored if the PD would be more effective with the addition 

of the missing component. Additionally, few PD studies experimentally investigate which 
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components make the experience more effective for teachers, or which components eventually 

lead to student achievement gains. Moreover, there are studies which include all of these compo-

nents, but do not improve teacher implementation or student outcomes (Asterham & Lefstein, 

2024; Cirkony et al., 2024; Hayes et al., 2024; Sims & Fletcher-Wood, 2021). Clearly, there is 

still a need to further investigate which of the generally regarded PD components support teach-

ers’ acquisition of pedagogy and instructional strategies.  

Research to Practice Gap and Individual Barriers 

 Another area of critical concern noted in the extant literature is the research to practice 

gap (Begeny et al., 2023, Bragg et al., 2021; Cirkony et al., 2024; Samudre et al., 2024). Includ-

ing all the suggested research-based components of PD often presents significant limitations in 

the school setting in usability, feasibility, and adaptability (Hagermoser Sanetti et al., 2013; 

Wood et al., 2016). Unfortunately, these barriers typically negatively affect at-risk students and 

exacerbates educational inequities (Asterhan & Lefstein et al., 2024; Begeny et al., 2023; Hayes 

et al., 2024; King et al., 2023). Common barriers to effective PD in the school setting include 

limited access to adequate resources (e.g., experts and coaches, materials), the time required for 

extensive coaching, practice, implementation, and performance feedback (Kennedy & Steven-

son, 2023; Perry et al., 2022; Samudre & LeJeune, 2023; Sims & Fletcher-Wood, 2021). Addi-

tionally, schools often schedule PD without teacher input, and many still rely on one-day “sit-

and-gets” due to the ease of scheduling and less required resources (Cirkony et al., 2024; Garbaz 

et al., 2015; Griffin et al., 2018; Hunzicker 2012; Samudre et al., 2024; Wood et al., 2016; Yoon 

et al, 2007). When schools or districts schedule a broader, more general PD, highly experienced 

teachers may already have the knowledge, and novice teachers may not yet possess the necessary 

prerequisite teaching repertoires (Cuticelli et al., 2016; Goodnight et al., 2020; Hayes et al., 
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2024; Kennedy, 2016; Sancar et al., 2021). Another potential issue with “sit-and-gets” is the for-

mat is often not engaging or appropriate for all teachers in attendance, especially special educa-

tion teachers (Baird & Clark, 2018, Kennedy & Stevenson, 2024; Samudre et al., 2024). These 

PDs are often described in the literature as passive, too linear, and failing to consider adult learn-

ing theory (Baird & Clark, 2018; Cirkony et al., 2021; Garbaz et al., 2015 Hunzicker, 2012; 

Wood et al., 2016). In other words, when an expert perfunctorily delivers new knowledge to a 

passive audience with varying educational experience and needs, much of the information may 

be deemed irrelevant and unmemorable (Cirkony et al., 2024, Hunzicker, 2012). Even if the 

topic of a “sit-and-get” PD is of interest to the majority of the attending teachers (i.e., is appro-

priately content focused), this format does not usually allow for active engagement or sufficient 

practice opportunities with performance feedback. Without practice and feedback, it is unlikely 

teachers will implement instruction with a high level of fidelity, or even adopt the practices at all 

into their classroom (Cirkony et al., 2024; McChesney & Aldridge, 2021; Saunders et al., 2024; 

Wang et al., 2023) Therefore, PD should be informed by teachers’ individual instructional needs 

to improve their own practices with a focus on their students’ achievement goals with active par-

ticipation opportunities with immediate performance feedback. (Asterhan & Lefstein, 2024; 

McChesney & Aldridge, 2021; Samundre et al., 2024).  

A final recent consideration regarding the effective components of PD is simply the ex-

tremely complex nature of teaching and learning. So many variables exist on so many levels in-

cluding the individual teacher, student population, type of classroom, grade level, administrative 

support and expectations, access to resources, and country curriculum and assessment require-

ments (Cuticelli et al., 2016; Davenport et al., 2019; Goodnight et al., 2020; Hayes et al., 2024; 

King et al., 2023; Sancar et al., 2021).   



 30 

Future Directions for Professional Development 

The vast number of publications and research devoted to PD iterates the need to recog-

nize the immense continuum of what PD encompasses. Enough research-based publications indi-

cate a general consensus of PD design components (e.g., Brownell et al., 2019; Cuticelli et al., 

2016; Darling-Hammond et al., 2017) effective in altering teacher behavior, and many may well 

contribute to student achievement. However, there is also literature with well-founded concerns 

on using those components as a strict framework to cultivate and conduct all educational PD 

(Asterhan & Lefstein 2024; Desimone, 2023; Samudre et al., 2024; Sims & Fletcher-Wood, 

2021). An emerging body of research suggests shifting away from identifying effective blanket 

components for all PD, and more toward which components elevate certain types of PD and for 

which teacher profile. In other words, researchers should consider external variables which may 

affect PD’s effects on teacher implementation and student achievement outcomes (Desimone, 

2009, 2023; Kennedy & Stevenson, 2024; Hayes et al., 2024). For example, considerations in-

cluding the type of instructional practice (e.g., practices that are more straightforward and highly 

scripted vs practices that are more complex with various elements), teachers’ experience (e.g., 

novice vs. veterans), available resources (e.g., financial, access to materials, time), and content 

(e.g., word-reading instruction; dividing fractions; identifying primary resources, etc.) may 

greatly alter a PD’s effectiveness. 

 This thought process calls for not only more empirical research to determine the effects 

of PD on student achievement, but more specifically, research on the variables within PD (Hayes 

et al., 2024; Darling-Hammond et al., 2017; King et al., 2023; McChesney & Aldridge, 2021). 

For example, there is little research about effective PD for specifically supporting teachers in 

mathematics vocabulary instruction. What research there is on mathematics vocabulary 



 31 

instruction predominantly features the PD components of being content-focused (i.e., mathemat-

ics), using explicit instruction (i.e., modeling and active learning), and providing performance 

feedback (e.g., Mowbray et al., 2024; Orosco & Reed, 2023; Peeples et al., 2023). As the modes 

of modeling and performance feedback varied, so did the outcomes, which suggests performance 

feedback may be a component to further investigate within mathematics vocabulary instructional 

PD.  

Mathematics Vocabulary Instruction Professional Development  

Peeples and colleagues (2023) used a single-case multiple baseline design with an em-

bedded alternating treatment design to evaluate sixth-grade general education teachers’ explicit 

mathematics vocabulary instruction following access to PD with and without ongoing perfor-

mance feedback. The researchers provided the teachers with videos on mathematics vocabulary 

instruction and PowerPoint slides including evidence-based practices of providing student-

friendly definitions, examples, nonexamples, semantic relationships, and academic discussion of 

terms. Following access to the PD resources, teachers taught three mathematics vocabulary les-

sons, and then received written performance feedback. The data evaluating the initial introduc-

tion of the PD and performance feedback did not demonstrate a functional relation between the 

intervention package and the teachers’ use of practices. When researchers removed the perfor-

mance feedback, the teachers’ use of practices decreased, however, the embedded alternating 

treatment design also failed to demonstrate separation between vocabulary lessons with written 

performance feedback and without performance feedback. The data indicates access to video 

modeling with written performance feedback did not demonstrate an effect for the teachers’ in-

structional practices for mathematics vocabulary.  
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In another single-case design study, Orosco & Reed (2023) provided one veteran special 

education teacher PD on teaching mathematics concepts and vocabulary along with evidence-

based word-problem-solving strategies. The study captured elementary EL students’ word-prob-

lem solving performance using a single-case multiple baseline design with an embedded chang-

ing criterion design across groups. The teacher engaged in ongoing monthly performance feed-

back meetings including data analysis, practice review, and discussion on instruction implemen-

tation. Results showed a functional relation between the PD and an increase in students’ word-

problem solving performance. These data suggest the veteran teacher, already familiar with ex-

plicit instruction, required a low and infrequent dosage of performance feedback to maintain 

100% implementation of the practices.  

Mowbray et al., (2024) investigated whether a PD package (i.e., initial training with ongoing, im-

mediate verbal performance feedback) increased special education teachers’ implementation of a 

mathematics vocabulary routine using a single-case multiple baseline design across teachers. 

During baseline, instructional practices across teachers were at a low level with little to no varia-

bility. After the initial PD, there was an immediate demonstration of effect of increased imple-

mentation of the practices across all teachers. Teachers remained at a high level and met criterion 

of at least 90% implementation across five consecutive lessons in eight or fewer lessons. This 

immediate demonstration of effect suggests a functional relational between the PD package (i.e., 

initial PD and ongoing verbal performance feedback) and teachers’ implementation practices of 

the mathematics vocabulary routine. Although the PD literature routinely states performance 

feedback is a critical component to change teachers’ instructional behaviors (Bates & Morgan, 

2018; Desimone, 2023; Darling-Hammond et al., 2017; Saunders et al., 2024; Yoon et al., 2007), 

these results may suggest otherwise. Since all four teachers demonstrated an immediate change 
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in level following the initial PD (i.e., before the teachers’ received any performance feedback), it 

may be the performance feedback was unnecessary to improve and maintain the implementation 

of the practices. However, the continued performance feedback may have maintained the high 

level of implementation of the practices after the initial change in level. The outcomes of these 

studies indicate there is a need for further research to identify the necessary dosage of perfor-

mance feedback to support teachers reaching and maintaining a high level of implementation of 

mathematics vocabulary instruction.  

3 METHODOLOGY 

Experimental Design 

To replicate and extend Mowbray and colleagues (2024), I used a single-case nonconcur-

rent multiple-baseline design across participants (Ledford & Gast, 2018). The primary independ-

ent variable (IV) was didactic PD. The dependent variable (DV) was teachers’ implementation of 

practices during a mathematics vocabulary routine. The nonconcurrent multiple-baseline design 

was appropriate to avoid logistical concerns on scheduling across three dyads of a special educa-

tion teacher and an elementary student for observations. Although each tier included a teacher-

student dyad, all experimental decisions were based on the teachers’ fidelity of implementation 

of the routine. The first teacher to demonstrate a stable baseline (i.e., lack of variability across 

adjacent data points; Kratochwill et al., 2023) began intervention and received the PD, while 

baseline continued for the remaining two teachers. Criteria for the remaining teachers to enter 

intervention was also establishing a stable baseline with the addition of sufficient data points to 

allow for visual analysis of the effect of the intervention (Kazdin, et al., 2021; Kratochwill et al., 

2023). All procedures were conducted ethically with human participant protections in place in 

accordance with Georgia State University’s institutional review board (IRB) approval.   
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Teachers received PD sequentially following the initial baseline. Following PD, teachers 

taught a minimum of three lessons without performance feedback. I selected the mastery crite-

rion of 92% because the implementation of practices checklist includes 26 expected behaviors. 

Even if the teacher missed up to two of the expected 26 behaviors, 92% is an acceptable level of 

fidelity and the systematic features of the mathematics vocabulary routine still meets the IES 

suggestions (Fuchs et al., 2021; Saunders et al., 2024).  

Recruitment and Eligibility  

Following IRB approval, I distributed digital recruitment flyers via email to students and 

professors across a Special Education Department in a large, urban university in the Southeast 

(i.e., Georgia State University) The digital flyers were also posted to relevant social media sites 

(i.e., pages dedicated to special education mathematics teachers and parents with students who 

have learning disabilities). Potential participants completed a survey requesting demographic in-

formation, and teacher experience or student risk of MD (depending on participant type). Teach-

ers were eligible to participate if they (a) worked with elementary students with or at-risk of MD 

and (b) had no prior experience with explicit mathematics vocabulary instruction. Elementary 

students were eligible to participate if they (a) were in third or fourth grade for the 2024-2025 

school year, (b) parents reported they have MD or were performing lower than their peers in 

mathematics, (c) and performed below 8 (out of 14) on the screening measure Pennies Story 

Problems (Jordan & Hanich, 2000).  

Participants 

Three elementary special education teachers participated in the study and provided math-

ematics vocabulary instruction each to one elementary student with or at risk of MD. All partici-

pants used their own device to access the video-conferencing platform for each session which 
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occurred outside of school hours (i.e., after 3 pm EST during the week or on the weekend). At 

the time of the study, all teachers were in the final semester to complete their master’s degree in 

special education and placed in an elementary inclusion or resource position. None of the teach-

ers reported having prior experience with providing explicit mathematics vocabulary instruction 

or familiarity with the mathematics vocabulary routine.  

At the time of the study, all students were in third or fourth grade and received special ed-

ucation services from their schools. All the students’ schools were located less than 20 miles 

from a large southeastern metropolitan city. Their parents also reported their performance in 

mathematics to be lower than their peers. To confirm their MD status, students completed an eli-

gibility screening prior to the study. Table 2 presents demographic and eligibility information for 

the dyads. Teachers provided informed consent, caregivers provided permission, and students 

provided verbal consent to align with IRB requirements. 

Table 2  

     

Dyad Demographic Information  
  

  Dyad 1 Dyad 2 Dyad 3 

 Student Teacher Student Teacher Student Teacher 

Pseudonym Ellie Sophie Jasper Serenity Necee Rizzo 

Gender F F M F F NB 

Age / Grade 9 / 4th 53 8 / 3rd 26 8 / 4th 32 

Ethnicity  Two or more Hispanic African American Asian White Hispanic 

1st Language English Spanish English English English English 

SPED yes N/A yes N/A yes N/A 

MD %ile 25th %ile N/A < 25th %ile N/A 25th %ile N/A 

Teaching Experience 
N/A 1 year N/A 2 years N/A 6 years 

Note. F = female; M = male; NB = nonbinary; SPED = receiving special education services; N/A = not applicable; MD %ile = math diffi-

culty percentile based on eligibility screener 

Screening Measure  

To screen elementary students for MD and study eligibility, I used Pennies Story Prob-

lems (Jordan & Hanich, 2000; Appendix A). The assessment includes 14 word problems 
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involving pennies across combine, compare, and change schemas. The problems require addition 

and subtraction (sums and minuends to nine) calculation. The score is the number of correct nu-

merical answers. Students answering seven or fewer items correctly out of 14 (performance at or 

below the 25th percentile) qualified as having MD. I virtually administered the screener one-on-

one to students via a video-conferencing platform. I presented each pennies word problem using 

a digital slide show and read the problem aloud. Students had 30 s to solve the problem and were 

able to request the problem be read again as needed.  

Mathematics Vocabulary Routine 

The five instructional sections of the vocabulary map are: (a) a student-friendly defini-

tion; (b) an illustration; (c) choose the mathematics example; (d) related and unrelated terms; (e) 

and an application activity. These sections align with the recommended practices for teaching 

mathematics vocabulary and provide multiple opportunities for students to practice using and ap-

plying the term in a mathematics context (Fuchs et al., 2021). In a prior study, a mathematics in-

tervention including this vocabulary routine significantly improved the mathematics vocabulary 

knowledge of elementary students with MD (Stevens et al., 2023). See Table 3 for the teacher 

instructional behaviors for each section of the routine. 

Dependent Measures 

 The primary DV was teachers’ implementation of the mathematics vocabulary instruc-

tional practices. Across all phases, I observed every virtual lesson and recorded teacher’s imple-

mentation of the practices using an updated researcher-developed fidelity checklist based on 

Mowbray and colleagues (2024). The checklist includes 26 expected instructional behaviors 

across the five sections of the mathematics vocabulary routine (Table 3; Appendix C). Each data 

point represents one novel mathematics vocabulary map lesson and reports the teacher’s 
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percentage of correct (i.e., demonstrated) instructional practices (e.g., if the teacher performed 22 

of the 26 behaviors, their implementation was 85%).  

Immediately following PD, teachers did not receive performance feedback. If a teacher’s 

implementation fell below mastery (i.e., 92% implementation of practices) over three consecu-

tive lessons at any time following PD, they would enter a performance feedback phase. How-

ever, no teacher required a performance feedback phase.  

Interobserver Agreement and Performance Feedback Fidelity 

A second observer collected interobserver agreement (IOA) data during 70% of total les-

sons, with at least 50% of lessons per teacher per condition across a random subset of lessons us-

ing the video recordings. At the time of the study, the second observer was a behavioral support 

coordinator for a county near a large metropolitan city working toward becoming a Board Certi-

fied Behavior Analyst (BCBA). To train the second observer, I conducted an hour-long training 

providing a rationale and explanation regarding mathematics vocabulary instruction, and a step-

by-step overview of the fidelity checklist (i.e., the recording form for teachers’ implementation 

of practices based off the instructional behaviors of each section of the vocabulary map). The 

training included modeling and practice of recording teacher implementation of practices using 

example videos from Mowbray and colleagues (2023). Coders independently scored videos until 

they reached 100% agreement on teacher implementation of the practices.  

 I calculated agreement of teacher implementation of practices by dividing the total num-

ber of agreements on correct practices by the total number of agreement and disagreements of 

correct practices and then multiplying by 100 to yield a percentage. Overall study IOA (mean 

agreement) was 98% (range: 96% to 100%). 
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Before the study began, I planned for providing reliability data for the performance feed-

back phase. However, the teachers’ implementation of the practices data did not demonstrate a 

need for the performance feedback phase. 

Procedures 

For each session, one dyad (i.e., a special education teacher and elementary student) and I 

logged into a video-conferencing platform. The teacher and student kept their camera and micro-

phone on for the duration of the session, and I had the camera off and the microphone muted dur-

ing instruction to avoid causing any distraction. The teacher presented the vocabulary map on the 

screen and the student had a physical copy of the same map. I recorded the implementation of the 

practices (i.e., instructional practices performed out of the 26 expected behaviors on the check-

list) in-vivo. Teachers taught two lessons, or two maps, per session. All sessions were video rec-

orded. Stevens and colleagues (2023) developed the scope and sequence of the maps to align 

with schema word-problem solving instruction. Therefore, the teachers progressed through the 

maps in the same order (i.e., starting with map 1 and progressing sequentially toward map 35), 

with the complexity of the terms increasing across the 35 maps. One map was used per session, 

and no maps were ever repeated with the same participant. This aligns with the concept of math-

ematics vocabulary being cumulative across the school year and students’ academic career 

(Cavanagh, 2005; Lin et al., 2021; Powell et al., 2017; Schleppegrell, 2007). 

Baseline 

During baseline, teachers provided instruction using the mathematics vocabulary map to 

the best of their ability, in any way they chose. They were free to use any of the digital slide 

show or video-conferencing platform tools but were not instructed to do so. Each lesson featured 
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a novel term. Teachers did not receive guidance, scripting, training (i.e., PD), or performance 

feedback.  

The first teacher to demonstrate a stable baseline (i.e., lack of variability across adjacent 

data points; Kratochwill et al., 2023) began intervention and received the PD, while baseline 

continued for the remaining two teachers. Criteria for the remaining teachers to enter interven-

tion was also establishing a stable baseline with the addition of sufficient data points to allow for 

visual analysis of the effect of the intervention (Kazdin, et al., 2021; Kratochwill et al., 2023). 

Intervention 

Initial Professional Development Session. Following baseline, I led the 50- to 60-min 

virtual PD. PD occurred one-on-one with the teacher on a video-conferencing platform using a 

digital slide show to ensure it was implemented as planned (Appendix D). Specifically, the train-

ing included (a) greeting and thanking the teacher for their participation; (b) providing an expla-

nation and rationale for teaching mathematics vocabulary; (c) providing a PDF handout and ver-

bally reviewing the instructional behaviors for each section of the map (Appendix E); (d) model-

ing a vocabulary map with the teacher as a student; (e) role-playing as a student for the teacher to 

practice implementing the mathematics vocabulary routine; (f) providing performance feedback 

on implementation of the practices; (g) the teacher reaching mastery (i.e., 92% implementation) 

in two consecutive practice opportunities, (h) time for questions and answers. To align with sug-

gested effective PD components, each step is outlined in more detail. 

Content Focused Sections (b and c). To connect the pedagogical theory to teachers’ in-

structional practice, the first part of the PD explains the rationale of explicit mathematics vocab-

ulary instruction and how it aligns with mathematics curriculum. Then I used the handout (Ap-

pendix E) to provide a detailed explanation of the five sections of the vocabulary map (i.e., 
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student-friendly definition, visual, contextual examples, related and unelated terms, and applica-

tion activity), along with the corresponding instructional behaviors. For example, when discuss-

ing the student-friendly definition section, the instructional behaviors include (a) the teacher stat-

ing the term, (b) asking the student to state the term, (c) reading the definition, (d) providing a 

student relevant example or explanation, and (e) underlining the important words in the defini-

tion (Appendix C). The visual handout in association with the verbal explanation provides teach-

ers with explicit instructions, as well as a source to refer to after the PD concludes (Saunders et 

al., 2024; Owens et al., 2020).  

Modeling (d). Following the content focused component of the PD, I used the PDF 

guideline handout (Appendix E) to provide a detailed explanation of the five sections of the vo-

cabulary map (i.e., student-friendly definition, visual, contextual examples, related and unelated 

terms, and application activity), along with the corresponding instructional behaviors. For exam-

ple, when discussing the student-friendly definition section, the instructional behaviors include 

(a) the teacher stating the term; (b) asking the student to state the term; (c) reading the definition; 

(d) providing a student relevant example or explanation; and (e) underlining the important words 

in the definition (Appendix C). Then I modeled a map the teacher previously taught in baseline 

by presenting the map via the digital slide show, taking on the role of the instructor, and having 

the teacher role-play as a student. (Begeny et al., 2023; Saunders et al., 2024). The modeling in-

cluded all the expected instructional behaviors for each section of the map (i.e., modeled with 

100% implementation of the practices; Appendix C; Saunders et al., 2024).  

Active Learning Opportunities with Performance Feedback (e, f, and g). To increase 

engagement and provide practice opportunities, the teacher returned to the role of instructor 

while I role-played a student. The teacher first practiced implementing the practices of the 
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routine with the same map I modeled. Following this first active learning opportunity, the teacher 

received performance feedback based on the expected instructional behaviors. The teacher then 

practiced delivering another map (also previously taught in baseline) and received performance 

feedback. The teacher continued to practice delivering instruction on previously taught maps 

(i.e., from baseline) until they reached 92% implementation of the practices in two consecutive 

lessons. All teachers reached mastery in two lessons.  

Intervention Lessons without Performance Feedback. Following PD, the teacher con-

tinued to use the mathematics vocabulary map to provide instruction in all subsequent novel les-

sons with the student until reached mastery of 92% or greater implementation of practices across 

six consecutive lessons. The teachers did not receive performance feedback before, during, or af-

ter the lesson.  

Planned Intervention Lessons with Performance Feedback. If a teacher’s implementa-

tion fell below mastery (i.e., 92% implementation of practices) over three consecutive lessons at 

any time following PD, they would have entered a performance feedback phase. Following a les-

son, the teacher would receive performance feedback using a researcher developed performance 

feedback fidelity protocol of 16 steps (see Appendix F). The first step is to display the teacher’s 

baseline and intervention data on an equal interval graph. Then, I would follow these same three 

steps for each of the five map sections: (a) state the percent of the teacher’s instructional behav-

iors performed, (b) identify an instructional behavior performed well, (c) and identify an instruc-

tional behavior to improve (if necessary). If the teacher engaged in 100% of the expected instruc-

tional behaviors for any section, I would encourage the teacher to maintain their performance. 

There would be time for questions and answers before signing out of the video-conferencing 

platform. Once the teacher demonstrated mastery (i.e., 92% implementation) for three 
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consecutive lessons with performance feedback, they would return to the no performance feed-

back phase (i.e., the same procedures following PD). As previously stated, no teacher required 

the performance feedback phase.   

Follow-up Lesson. Two weeks after the teacher met mastery in intervention lessons 

without performance feedback, the teacher was observed conducting a follow-up lesson to see if 

implementation of practices persisted. The teacher provided instruction with a new mathematics 

vocabulary map with the same procedures following PD. 

Data Analysis 

To report on stability, changes in level, trend, immediacy of effect, consistency of effect, 

and magnitude of effect (Ledford & Gast, 2018), I visually analyzed the graphed data. Before 

any participant entered intervention, I conducted a within-condition visual analysis (i.e., analysis 

of level, trend, and stability). Furthermore, I conducted a vertical visual analysis of tier(s) in 

baseline against tier(s) in intervention to establish changes in the DV only occurred following in-

troduction of the IV (Ledford & Gast, 2018). To further support the visual analysis, I calculated 

Tau-U, a non-parametric estimate of effect size. Tau-U provides values to determine the percent-

age of data increasing from baseline to intervention, while controlling for confounds such as 

trend in baseline. Therefore, the calculated analysis reflects the estimated effects from small (i.e., 

0–.20), moderate (i.e., .20–.60), large (i.e., .60–.80), to very large (i.e.,.> 80) of how the partici-

pants responded to intervention in the absence of baseline trend (Parker et al., 2011; Vannest & 

Ninci, 2015). Using a web-based Tau-U calculator (http://www.singlecaseresearch.org/calcula-

tors/tau-u; Vannest et al., 2016), I entered raw data into the appropriate columns on the web-

based calculator (e.g., Participant 1 baseline, Participant 1 intervention). There were no trends in 

baseline, so I did not need to apply the Tau-U calculator’s baseline correction function. I then 

http://www.singlecaseresearch.org/calculators/tau-u
http://www.singlecaseresearch.org/calculators/tau-u
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used the function to contrast values for each A/B comparisons and calculate a weighted effect for 

the PD on teachers’ implementation of the practices.  

4 RESULTS 

Results for teachers’ implementation of the mathematics vocabulary practices are pre-

sented in Figure 2. Visual analysis is described in further detail below, followed by a comparison 

of the teachers’ implementation of the practices during baseline and after PD (see Table 4 and 

Figure 3). Finally, the social validity results are presented in Tables 6 and 7.  

Teachers’ Implementation of Practices 

 Baseline data on teachers’ implementation of the practices were low and stable (range: 

50% to 65%). Following PD, all teachers implementation of the practices data demonstrated an 

immediate effect and increase in level (range: 96% to 100%), replicated at three different points 

in time (i.e., staggered across each teacher). The data indicates a functional relation between the 

PD and an increase in teachers’ implementation of the mathematics vocabulary practices. All 

teachers met mastery (at least 92% across six lessons). At the two-week follow up, all teachers 

maintained a high level of implementation of the practices (range: 96% to 100%). The Tau-U 

value for overall implementation of the practices was 1.00 (CI95 = [0.60, 1.00]), indicating a very 

large effect.  

Sophie had a low (average 55%; range: 54% to 58%), near zero-celerating level in base-

line with one small (i.e., one instructional behavior) change in lesson three. The mean average 

duration of Sophie’s baseline lessons was 8 min 40 sec (SD 1 min 20 sec; range: 7 min 30s to 11 

min). Following PD, there was an immediate effect on the implementation of the practices, 

which persisted at a high and stable level. She met mastery within six lessons (average 97%; 

range: 96% to 100%) with a Tau-U nonoverlap score of 1.00 (CI95 = [0.36, 1.00]). Her mean 
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average lesson duration increased to 9 min 50 s (SD 1 min 30 s; range: 8 min 30 s to 12 min). For 

the two-week post intervention follow-up lesson, Sophie’s high level persisted with 96% imple-

mentation.  

Figure 2 

Teachers’ Implementation of the Mathematics Vocabulary Routine 
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 Serenity also had a low (average 54%; range: 50% to 58%), stable level in baseline. Her 

mean average lesson duration was 9 min 30 s (SD 3 min 50 s; range: 4 min 30 s to 17 min). After 

completing PD, Serenity immediately implemented 100% of the practices demonstrating an im-

mediate effect. Her implementation of the practices remained at a high and stable level (average 

99%; range (96% to 100%) with a Tau-U nonoverlap score of 1.00 (CI95 = [0..43, 1.00]). Follow-

ing PD, Serenity’s mean average lesson duration increased to 14 min 20 s (SD 2 min 10 s; range 

11 min to 18 min). Serenity’s high level persisted with 100% implementation at the two-week 

follow-up lesson.  

 Rizzo’s baseline data were slightly higher than the other teachers, but still reflected a sta-

ble, low-level implementation of the practices (average 63%; range: 57% to 65%). Their baseline 

lessons’ mean duration was 13 min 5 s (SD 1 min 40 s; range: 11 min to 16 min). Upon complet-

ing PD, Rizzo immediately increased to 100%, which persisted for six consecutive lessons with a 

Tau-U nonoverlap score of 1.00 (CI95 = [0..47, 1.00]). Post PD mean lesson duration decreased 

to 11 min 40 s (SD 1 min 25 s; range: 10 min to 14 min). Their two-week follow-up lesson main-

tained 100% implementation of the practices.  

Table 4  

   

Mathematics Vocabulary Lesson Duration 

 Sophie Serenity Rizzo 

  Baseline 

M 8 min 40 sec 9 min 30 s 13 min 5 s 

SD 1 min 20 sec 3 min 50 s 1 min 40 s 

Range 7 min 30 s to 11 min 4 min 30 s to 17 min 11 min to 16 min 

  After PD 

M 9 min 50 s 14 min 20 s 11 min 40 s 

SD 1 min 30 s 2 min 10 s 1 min 25 s 

Range 8 min 30 s to 12 min 11 min to 18 min 10 min to 14 min 
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Fidelity Analysis of Instructional Behaviors  

 Analyzing the instructional behaviors associated with the five sections provided a range 

of data within and across the teachers (Table 5 and Figure 3). During baseline, the seven instruc-

tional behaviors all three teachers implemented 100% in every lesson were (a) stating the term 

(Table 3, 1a); (b) providing feedback for all four related and not related terms (Table 3, 4b, 4d, 

4f, 4h); (c) asking students to complete the application activity (Table 3 5b); and (d) providing 

feedback for the application activity (Table 3, 5d). Furthermore, in baseline, all the teachers 

omitted the same three instructional behaviors for every lesson, (a) asking the student to describe 

the image (Table 3, 2a); (b) circling or crossing out the four related and not related terms (Table 

3, 4i); and (c) modeling the application activity (Table 3 5a). Also during baseline, the teachers 

were inconsistent with eight instructional practices, (a) providing a relevant explanation or exam-

ple when introducing the target term (Table 3, 1d); (b) reading the second example sentence (Ta-

ble 3, 3b); (c) prompting or providing an opportunity for the student to explain their choice of the 

correct example sentence (Table 3, 3d); (d) prompting or providing an opportunity to discuss if a 

term is or is not related to the target term across the four opportunities (Table 3, 4a, 4c, 4e, 4g); 

and (e) prompting or providing an opportunity for the student to rationalize their application ac-

tivity (Table 3, 5c). Sophie provided four lessons in baseline with an overall rate of 66% imple-

mentation of the instructional practices. Following PD, Sophie achieved 100% implementation 

of all practices except for providing a relevant explanation or example when introducing the tar-

get term (Table 3, 1d.). She omitted this instructional behavior in every lesson. During baseline, 

Serenity provided instruction with 56% implementation of the instructional behaviors. She 

achieved 100% implementation of the practices after PD, except for asking the student to repeat 

the target term (Table 3, 1b). She demonstrated 71% implementation of this instructional  
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Table 5 

                        

Mathematics Vocabulary Lesson Fidelity  

  Baseline  After Professional Development 

  Sophie  Serenity  Rizzo  Sophie  Serenity  Rizzo 

Vocabulary Map Sec-

tion 
 n M SD   n M SD   n M SD  n M SD   n M SD   n M SD 

Definition and Explanation 4 70% 0.40  6 66% 0.24  8 65% 0.44  7 80% 0.40  7 94% 0.16  7 100% 0.00 

Illustration  4 33% 0.47  6 6% 0.08  8 50% 0.41  7 100% 0.00  7 100% 0.00  7 100% 0.00 

Choose the Math Example 4 70% 0.37  6 83% 0.32  8 78% 0.30  7 100% 0.00  7 100% 0.00  7 100% 0.00 

Related/Unrelated 

Terms 
 4 78% 0.30  6 63% 0.36  8 64% 0.36  7 100% 0.00  7 100% 0.00  7 100% 0.00 

Application Activity  4 56% 0.45  6 58% 0.43  8 63% 0.41  7 100% 0.00  7 100% 0.00  7 100% 0.00 

Total   4 66% 0.40   6 56% 0.37   8 65% 0.39   7 96% 0.19   7 99% 0.06   7 100% 0.00 

Note. n = total implemented lessons by teacher. 
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 Figure 3  

Mathematics Vocabulary Map Section Fidelity 

 

 

  

 

 

 

 
 

Note. BL = baseline; PD = after professional development; refer to Table 3 for full instructional behavior labels. 
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behavior following PD. Rizzo provided instruction with 65% implementation of the practices 

during baseline. Following PD, they achieved 100% implementation of all instructional behav-

iors.  

Social Validity 

 Teachers completed an anonymous social validity survey via Qualtrics to assess their per-

ceptions of the PD. I modified the survey used in Mowbray and colleagues (2024). The survey 

included 11 Likert-type items for teachers to report their level of agreement on the usefulness of 

the PD using a 6-point scale (Strongly Disagree = 1, Disagree = 2, Disagree Somewhat = 3, 

Agree Somewhat = 4, Agree = 5, and Strongly Agree = 6). The survey also contained three open 

ended items concerning what they found effective, what might improve the PD, and how they 

used the PDF guideline handout (see Tables 6 and 7). 

Teachers rated the PD structure positively (M = 5.67; range: 5 to 6). They also reported 

following the PD they felt confident in providing mathematics vocabulary instruction (M = 5.67; 

range: 5 to 6), although one teacher expressed they would have preferred more practice opportu-

nities (5 out of the 6-point scale). Perhaps most encouragingly, teachers fully agreed they better 

understand mathematics vocabulary instruction (M = 6) and will implement the instructional rou-

tine with their students (M = 5.67; range 5 to 6). However, it is important to note that although 

all teachers immediately increased their level of implementation of the practices following PD, 

all three teachers reported they would have liked to receive performance feedback following the 

first lesson (M = 5.67; range 5 to 6).  

Table 6  

   

Social Validity Survey Results   

Survey Item 
Response 

1 

Response 

2 

Response 

3 

M 

(SD) 
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The structure of this intervention was effective. 6 6 5 
5.67 

(0.47)      

The one-time professional development session pro-

vided sufficient information and practice regarding 

the vocabulary routine. 

6 6 5 
5.67 

(0.47) 
     

I appreciated and used the PDG guideline handout 

from the professional development training. 
6 6 6 

6.00 

(0.00) 
     

Additional professional development sessions and 

practice opportunities without a student would im-

prove this intervention. 

5 2 3 
3.33 

(1.25) 
     

After the professional development, I felt confident 

providing math vocabulary instruction to the student 

following the routine. 

6 6 5 
5.67 

(0.47) 
     

After the professional development, I would have 

liked performance feedback after the first session of 

providing math vocabulary instruction to the student.  

6 6 5 
5.67 

(0.47) 
     

I usually prefer written feedback.  1 2 3 
2.00 

(0.82)      

I will implement this routine with my students. 6 6 5 
5.67 

(0.47)      

This intervention helped me better understand math 

vocabulary instruction. 
6 6 6 

6 .00 

(0.00) 
     

I learned more from this intervention than I have with 

other professional development. 
4 5 5 

4.67 

(0.47) 
     

I would elect to participate in this form of intervention 

for other professional development in the future. 
4 6 5 

5.00 

(0.82) 

Note: Strongly Disagree = 1, Disagree = 2, Disagree Somewhat = 3, Agree Somewhat = 4, 

Agree = 5, and Strongly Agree = 6. 

In the open-ended responses, teachers reported that the PD was clear and thorough, and 

that the modeling and active learning opportunities were integral to implementing the instruc-

tional practices. The teachers also explained the PDF guideline handout was helpful, and they all 

reported referring to it before and after lessons. 

Table 7          

Open-Ended Social Validity Responses 

Survey Items  Response 1  Response 2   Response 3 
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What was effective 

about this 

intervention? 

The slides, images, and 

presentation of the content 

are easy to understand. 

Another important aspect is 

the repetition this 

intervention requires 

because it helps the 

students understand the 

concept, apply it, and store 

it in their long-term 

memory. 

 

It was clear and I 

understood what I 

needed to do. The 

training session 

was thorough, and 

I like the materials 

 

The intervention clearly explained 

the instructional expectations of 

each component of the vocabulary 

map/lesson. The lesson 

demonstration was instrumental in 

helping me understand how the 

lessons was supposed to look and 

sound. I really liked how the 

interventionist allowed me to 

reflect on the model lesson and 

how it differed from my initial 

attempts. Giving me the 

opportunity to identify the best 

practices that were missing from 

my lesson solidified the 

importance of these components 

and ensured that I would 

incorporate them in future lessons 

What would improve 

this intervention? 

Practice is the key to this 

intervention. The more the 

educator uses it, the better 

the instruction. 

 N/A  

Strategies on addressing student 

misconceptions or a video of a 

model lesson to accompany the 

PDF guideline handout 

Describe how you 

used the PDF 

guideline handout 

from the professional 

development training. 

I studied the PDF 

vocabulary word before I 

provided the intervention. I 

was sure that I understood 

the whole content, and I 

also investigated a little 

deeper when I encountered 

a concept that could require 

clarification when 

imparting my lesson. I must 

mention that this process 

didn’t need more than 10 

minutes. 

 

I reviewed the 

sheet before a 

session and 

sometimes went 

back over it after a 

lesson if I felt like 

I had missed 

something. It was 

nice to be able to 

refer to. 

 
I reviewed the PDF guideline 

handout each week when 

preparing for the lessons 

Note. Participants’ anonymous responses to the open-ended acceptability survey. 

             

5  DISCUSSION 

As students’ mathematics performance is nationally trending downward with only 36% 

of fourth graders and 26% of eighth-graders performing at or above a proficient level (U.S. 
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Department of Education, 2022), it may be more important than ever for teachers to focus on ef-

fective instruction and intervention for mathematics. Specifically, research continues to suggest a 

strong relation between students’ mathematics vocabulary knowledge and their overall mathe-

matics performance (Lin et al., 2021; Peng & Lin, 2019; Peng et al., 2020; Purpura et al., 2017). 

Therefore, many educators may benefit from effective PD in mathematics vocabulary instruc-

tion, especially for those who teach students with learning disabilities (Chan & Kwan, 2021; For-

syth and Powell, 2017; Fuchs et al., 2021; Nelson & Carter, 2022; Powell et al., 2019; Stevens et 

al., 2023; Swanson, 2014). The emerging PD literature base is turning toward investigating 

which components work for which PD and for which teachers (Cirkony et al., 2024; Cuticellie et 

al., 2016; Desimone, 2023; Goodnight et al., 2020; Kennedy, 2016; Samudre et al., 2024; Saun-

ders et al., 2024). One such area in need of further development is the PD component combina-

tion necessary for effective mathematics vocabulary instruction. This study aimed to contribute 

to the field by replicating and extending a prior study on mathematics vocabulary instruction PD. 

Mowbray and colleagues (2024) found a functional relation between a didactic PD with ongoing, 

immediate verbal feedback and an immediate and sustained high-level of teachers’ implementa-

tion of the practices in a mathematics vocabulary routine. However, it is important to note the de-

sign prevented determining if the PD by itself was responsible for the increase in teachers’ im-

plementation, or if it was the combination of the PD and the ongoing performance feedback fol-

lowing each lesson. Therefore, this study aimed to investigate if the PD alone, without ongoing 

performance feedback, increased special education teachers’ implementation of a mathematics 

vocabulary routine.  

Baseline data indicated all teachers implemented the instructional practices at a low level 

with minimal variability. There was a low mean implementation of the 26 mathematics 
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vocabulary instructional behaviors with Sophie’s at 66% (SD 0.40), Serenity at 56% (SD 0.37), 

and Rizzo at 65% (SD 0.39; Table 5). One potential limitation of using a multiple baseline design 

to evaluate teacher acquisition of a vocabulary routine is increasing implementation of the target 

instructional behaviors through repeated practice. However, given the low and stable level in 

baseline data across participants, there is no indication of a practice effect. Additionally, the con-

sistent rate and errors of implementation across the map sections indicate many of the instruc-

tional behaviors were not previously in the teachers’ repertoire.  

After PD, correct implementation of the practices immediately increased to a high level 

for all three teachers, surpassing mastery criteria of 92% for every lesson (Figure 2, Table 5). So-

phie and Serenity showed very little variability (range: 96% to 100%), each only missing one in-

structional behavior for the duration of the study. Rizzo maintained 100% implementation of the 

practices. Finally, all three teachers’ high level of implementation persisted at the two-week fol-

low-up lesson (range: 96% to 100%). These results suggest a functional relation between the PD 

and teachers’ implementation of the mathematics vocabulary routine.  

 The fidelity analysis (Figure 3) highlighted additional findings beyond the demonstration 

of a functional relation. For example, the illustration section of the routine had the lowest rate of 

implementation across participants in baseline. Even with repeated practice, the teachers did not 

engage the students in discussion of the image in relation to the target term, missing critical op-

portunities for students to build their depth of knowledge. Another important implementation 

omission to note is none of the teachers modeled the application activity before asking students 

to complete the task. Without modeling, students are more likely to complete the activity with 

errors. When the teachers correct student errors, there is an additional cognitive load for students. 

The activity may then become aversive, and students may not develop the same depth of 
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vocabulary knowledge (Chan & Kwan 2021; Fuchs et al., 2020; Peng et al., 2020). The three 

teachers also missed having students circle the related terms and cross out the unrelated terms. 

Perhaps this step is not as important as omitting an opportunity to discuss the terms meaning and 

application, however, it is still noteworthy. The act of circling and crossing out provides the stu-

dent with an additional opportunity to engage with the term, as well as provides another visual to 

further the students’ depth of knowledge (Fuchs et al., 2021; Lin et al., 2021). The overall low 

implementation of the practices along with the specific missed opportunities for students to 

strengthen their depth of vocabulary knowledge suggest a strong need to provide special educa-

tion teachers with PD in this mathematics vocabulary routine. 

As the functional relation indicates, the PD immediately improved the teachers’ imple-

mentation of the vocabulary routine. Sophie only missed one instructional behavior during the 

definition and explanation section, providing the student with an explanation or relevant exam-

ple. Sophie omitted this step for the remainder of her lessons, including the two-week follow-up. 

This is also a step she did not implement at all during baseline. Although Sophie provided an ex-

planation or example in two of her seven lessons following the PD, it may be she did not under-

stand this instructional behavior well, or she simply forgot the step as there is not a visual prompt 

on the vocabulary map itself. Furthermore, this is one instructional behavior teachers may have 

to prepare in advance of providing the lesson. Sophie may not have reviewed the map before the 

lesson, and rather than lose the student’s engagement to take too much time, she skipped the in-

structional behavior. Serenity also only missed one instructional behavior in the definition and 

example section, but her missed instructional behavior was having the student state or repeat the 

term. She implemented this step correctly 71% of her lessons, or five out of her seven lessons, 

including completing the step in her two-week follow-up lesson. Serenity only missed this step 
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on the second and fourth lessons, thereby ending the study with 100% implementation over three 

consecutive lessons, indicating she may have corrected this omission on her own, perhaps from 

referring back to the PDG guideline handout. The fidelity analysis from baseline to after the PD 

indicates the one-time, one-on-one PD lesson was effective in improving at least 25 of the 26 in-

structional behaviors of the mathematics vocabulary routine for these teachers. In sum, these 

findings suggest one-on-one PD that is content focused, provides modeling and active learning 

opportunities with immediate performance feedback (versus ongoing coaching with performance 

feedback) may be sufficient components for mathematics vocabulary PD.  

Duration of the vocabulary lessons varied within and across teachers (Table 4). Recom-

mendations for this explicit mathematics vocabulary routine include keeping a brisk pace while 

still providing students with numerous practice opportunities to engage with the target term 

(Fuchs et al., 2021; Stevens et al., 2023). Sophie’s average lesson lasted 8 min 40 s (SD 1 min 20 

sec) with a the most consistent range of 7 min 30 s to 11 min during baseline. After PD, Sophie’s 

average lesson duration increased to 9 min 50 s (SD 1 min 30) with a similar consistent range of 

8 min 30 s to 12 min. The increase in her duration may be due to including the previously omit-

ted instructional behaviors in baseline. While Rizzo’s average duration of 13 min 5 s (SD 1 min 

40 s) was longer than the other two teachers, their range of 11 min to 16 min was similar to So-

phie’s overall variation. Rizzo was the only teacher whose lesson duration decreased following 

PD. Their average duration was 11 min 40 s (SD 1 min 25 s) with a range of 10 min to 14 min, 

both a decrease from baseline. The PD may have increased Rizzo’s fluency with the routine, as 

well as their confidence, resulting in a brisker pace while still maintaining 100% implementation. 

Serenity’s lesson duration was the most variable with an average of 9 min 30 s (SD 3 min 50 s), 

and a much wider range of 4 min 30 s to 17 min. Following PD, Serenity’s average lesson 
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duration increased to 14 min 20 s (SD 2 min 10 s). However, her range of 11 min to 18 min de-

creased the most. A possible explanation for Serenity’s increase in lesson duration is during 

baseline, she consistently omitted the entire illustration section of the vocabulary map. Addition-

ally, her student performed lower on the eligibility screener and was a grade lower than the other 

two students. In combination with missed implementation of instructional behaviors, the varia-

tion in lesson duration across teachers also supports the necessity of PD for the vocabulary rou-

tine to provide more consistent instruction.  

Despite the variation in lesson duration, the teachers immediately increased their imple-

mentation of the mathematics vocabulary practices following PD. The teachers perceived the PD 

to be effective and improved their teaching. These findings are important given prior research 

demonstrates teachers are more likely to change their instructional practices when they value the 

PD (Baird & Clark, 2018; Darling-Hammond et al., 2017; Griffin et al., 2018; Saunders et al., 

2024). Teachers in the current study also noted the PDF guideline handout was helpful, and they 

all referred back to it before and after lessons. When a PD is based on highly-scripted or explicit 

instructional strategies, equipping PD participants with clear, step-by-step handout may replace 

the need for ongoing coaching and performance feedback. In other words, rather than supplying 

resource-intensive ongoing coaching and performance feedback, teachers may use step-by-step 

instructions to monitor their own implementation of the practices (Samudre & LeJeune, 2023; 

Saunders et al., 2024; Wang et al., 2023).  

The results of this study differ from Peeples and colleagues (2023), who provided mathe-

matics vocabulary PD via asynchronous videos with delayed, written performance feedback. 

Their data did not indicate a functional relation between PD and teachers’ implementation of the 

vocabulary practices. Important differences between this study and Peeples and colleagues 
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(2023) are the PD delivery, format of performance feedback, and dosage of performance feed-

back. Peeples and colleagues delivered feedback more often than the current study (i.e., ongoing 

throughout the intervention). Therefore, ongoing performance feedback may not be the most crit-

ical PD component. The data does not indicate any immediacy of effect on teachers’ implemen-

tation of the vocabulary instructional practices. Consequently, it may be that only having access 

to video modeling and instruction, without the opportunity for active learning and immediate 

feedback, was not sufficient to increase teachers’ implementation of the practices. When com-

pared to the current study, the data suggests in-vivo modeling with active learning opportunities 

may be important components for PD in explicit mathematics vocabulary instruction.   

On the other hand, the results from the current study strongly align with Orosco & Reed 

(2023) who also used an in-person, one-on-one PD to improve a special education teachers’ 

mathematics vocabulary instruction. Their data also indicated a functional relation. The teacher 

received monthly booster workshops with performance feedback, however, she maintained 100% 

implementation fidelity across the intervention (i.e., even before receiving performance feed-

back). The results from Orosco & Reed (2023) combined with the functional relation in this 

study suggest ongoing performance feedback may not be necessary following one-on-one PD in 

which teachers demonstrate a high-level of implementation of the practices. Another example, 

Begeny and colleagues (2023) conducted a multiple baseline design across reading intervention-

ists which did not indicate a functional relation. Following didactic PD with practice opportuni-

ties, the participants in baseline implemented the instruction at a high level with a stable or up-

ward trend, with some reaching 100% implementation before receiving performance feedback 

(Begeny et al., 2023). Similarly, Wang and colleagues (2023) also conducted a multiple baseline 

design across reading interventionists. After receiving explicit reading PD with training materials 



 61 

and practicing one-on-one with peers, the interventionists entered baseline (without coaching or 

performance feedback) with high levels of implementation, little variability, and a stable or up-

ward trend. Finally, Davenport and colleagues (2019) used a multiple baseline across elementary 

teachers for sight-word reading instruction. In baseline, the teachers did not receive training or 

performance feedback, and the participants demonstrated 0% fidelity. Following PD, which in-

cluded (a) rationale and explanation of the practices, (b) written step-by-step handout, (c) model-

ing, and (d) rehearsal with performance feedback, there was an immediate effect. Teachers met 

and maintained 100% fidelity through intervention and a follow-up lesson, without receiving any 

ongoing coaching or performance feedback. Taken together, these results indicate a high-quality 

PD (i.e., one-on-one, content focused, active learning) with instructional practices that are either 

highly scripted or follow a consistent routine may not require consistent, ongoing performance 

feedback for teachers to reach and maintain high levels of implementation. These results also 

align with researchers asserting there are no set recommendations for dosage and duration of on-

going coaching and performance feedback (Saunders et al., 2024). Rather than dedicating re-

search efforts in establishing a set dosage and duration for ongoing coaching and performance 

feedback, many researchers suggest using active learning with performance feedback for teach-

ers to reach a high-level of implementation before working with students. Therefore, teachers 

with less experience or knowledge of the PD topic may receive more individualized support. 

Likewise, teachers with more experience and knowledge with the PD topic may not have to 

spend more time and resources than necessary receiving ongoing coaching. In either case, identi-

fying the varying levels of support teachers may need to implement strategies is a more efficient 

use of resources, and potentially lead to the ultimate goal of improved student outcomes in an 
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equally more efficient manner (Cuticelli et al., 2016; Davenport et al., 2019; Hayes et al., 2024; 

King et al., 2023; Saunders et al., 2024).  

Limitations 

 The findings of this study were positive and extend the PD literature base, specifically 

regarding performance feedback dosage for mathematics vocabulary routine. However, there are 

some limitations. First, this was a small-scale study with three special education teachers in a vir-

tual setting. One-on-one PD is resource-intensive and unlikely to occur in schools or districts. 

Further research with a more scalable model (e.g., a small group of teachers) is warranted to 

reach more teachers in the classroom setting. The small sample size also could have led to over-

sampling from a group of teachers particularly well-suited to benefit from this PD package.  

 A second limitation of the current study is there was no experimental evaluation on the 

cascading effects of the teachers’ instructional change on student acquisition of mathematics vo-

cabulary and other associated student outcomes (e.g., academic engagement during instruction 

and response accuracy). The aim of this study was to replicate and further establish this PD im-

proves special education teachers’ instructional behaviors in a mathematics vocabulary routine. 

While the first step in establishing effective PD is to have reliable fidelity measures and ensure 

the PD causes the desired change in teachers instructional behavior, the last step is for that 

change to translate into improved student achievement (Ali et al., 2018; Brownell et al., 2019; 

Darling-Hammond et al., 2017; Joyce & Showers, 1996; OECD, 2018; Wilkenson et al., 2020; 

Wang et al., 2023). Because the focus of the study was on teachers’ behaviors, the design cannot 

experimentally explore the cascading logic down to student outcomes (i.e., teacher use of prac-

tices to teach mathematics vocabulary are improved, so logically student data subsequently in-

creases. This multiple baseline design, like other repeated measures, are often not able to 
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evaluate students’ change in vocabulary acquisition and knowledge over time. As a replication 

with similar findings from Mowbray and colleagues (2024), the results are promising. However, 

future single case studies and a group design could examine the effects of mathematics vocabu-

lary PD on students’ word learning strengthen the findings. 

Implications and Future Directions 

These results contribute to the emerging research on identifying which components of PD 

provide an effective experience for mathematics vocabulary instruction acquisition. This study 

continues to support the extant literature on providing mathematics teachers an effective, content 

focused PD to work toward supporting students’ mathematics vocabulary acquisition to then sup-

port their overall mathematics achievement (Lin et al., 2021; Peng et al., 2020; Powell et at., 

2022; Riccomini et al., 2015; Stevens et al., 2024). Additionally, the current study supports the 

importance of active learning opportunities aligning with adult learning theory and improved in-

structional implementation of the practices (Asterhan & Lefstein, 2024; Baird & Clark, 2018; 

Cirkony et al., 2024; Samundre et al., 2024; Saunders et al., 2024). Furthermore, although often 

cited as a necessary component, ongoing performance feedback is just as often cited to be a po-

tential barrier for effective PD based on limited time, experts, and other resources (Begeny et al., 

2023, Bragg et al., 2021; Hagermoser Sanetti et al., 2013; Kennedy & Stevenson, 2023; Perry et 

al., 2022; Samudre & LeJeune, 2023; Sims & Fletcher-Wood, 2021; Wood et al., 2016). This 

study’s results, combined with results from other recent related studies (e.g., Mowbray et al., 

2024; Peeples et al., 2023; Orosco & Reed, 2023) indicate providing high-level PD with active 

learning opportunities including performance feedback may eliminate the need for resource-in-

tensive ongoing performance feedback to improve teachers’ implementation of a mathematics 

vocabulary routine.  
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While encouraging, these findings require further investigation to identify the parameters 

of the highly scripted or consistent routine instructional formats this type of PD will support. 

Further investigation should also include determining the number of teachers in the PD to remain 

feasible for school setting application regarding time and resources, while remaining effective in 

promoting high-level teacher implementation. In summary, this study supports PD with active 

learning opportunities is an effective way to improve teachers’ implementation of mathematics 

vocabulary instructional practices without providing ongoing performance feedback. Future re-

search should examine how this PD format supports different PD topics, audience size, and the 

effects of these instructional strategies on student academic and behavior outcomes.  
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APPENDICES 

Appendix A. Pennies Story Problems 

1. Alex has 8 pennies. Kris has 6 pennies. How many pennies does Alex need to give away 

to have as many as Kris? 

2. Sue had 5 pennies. Then Mike gave her 2 more pennies. How many pennies does Sue 

have now? 

3. Chelsea has 6 pennies. Max has 4 pennies. How many pennies does Max have less than 

Chelsea. 

4. Nina had 9 pennies. Then she gave 3 pennies to Anthony. How many pennies does Nina 

have now? 

5. Janet has 3 pennies. Andy has 5 more pennies than Janet. How many pennies does Andy 

have? 

6. Carol had 4 pennies. Then Nick gave her some more pennies. Now Carol has 6 pennies. 

How many pennies did Nick give her? 

7. Claire has 4 pennies. Ben has 9 pennies. How many more pennies does Claire need to 

have as many as Ben? 

8. Jen had 7 pennies. Then she gave some pennies to Joe. Now Jen has 2 pennies. How 

many pennies did she give to Joe? 

9. Emily has 3 pennies. John has 6 pennies. How many pennies do they have altogether? 

10. Maria and Kevin have 8 pennies together. Maria has 3 pennies. How many pennies does 

Kevin have? 

11. Ashley has 7 pennies. Jason has 4 pennies less that Ashley. How many pennies does Ja-

son have? 
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12. Dennis has 7 pennies. Molly has 5 pennies. How many pennies does Denis have more 

than Molly? 

13. Karen has some pennies. Then Matt gave her 4 more pennies. Now Karen has 6 pennies. 

How many pennies did she have to start with.  

14. Lisa had some pennies. Then she gave 3 pennies to Bill. Now Lisa has 5 pennies. How 

many pennies did Lisa have to start with? 
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Appendix B. List of Mathematics Vocabulary Terms 

Lesson Word Lesson      Word    

1. greater 19. more than   

2. regroup 20. words signaling comparison (ER) 

3. sum 21. fewer than   

4. table 22. compare   

5. label 23. how many fewer  
6. balance 24. how much less  
7. total 25. how many (by itself)  
8. irrelevant information 26. fewer   

9. number sentence 27. how many more  
10. missing information 28. how much (by itself)  
11. equal sign 29. decrease   

12. combine 30. increase   

13. amount 31. more (change word)  
14. isolate 32. change words  
15. equation 33. now (end amount)  
16. graph 34. some   

17. difference 35. left (end amount)  
18. less         
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Appendix C. Mathematics Vocabulary Routine Instructional Behaviors Checklist 
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Appendix D. Mathematics Vocabulary Instruction Professional Development     
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Appendix E. Mathematics Vocabulary Routine Handout 
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Appendix F. Performance Feedback Checklist  

 
 

 


