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Abstract: This paper explores the potential of online lesson visualization and annotation tools in 

fostering international lesson-centered teacher collaboration. In an era where teachers face 

diverse challenges and limited opportunities for peer-to-peer collaboration, leveraging digital 

tools for asynchronous exchanges emerges as a promising avenue for professional development. 

This paper will illustrate the potential of emerging technologies for supporting cross-cultural 

exchanges in which teachers can share insights, perspectives, and innovative practices in durable 

and archivable forms, thereby enriching the collective knowledge base for teaching. We share 

data from an ongoing project focused on engaging groups of secondary mathematics teachers in 

collectively refining a single storyboarded lesson representation. Through collaborative lesson 

development and iterative refinement, we illustrate how these tools transcend temporal and 

spatial constraints by sharing data gathered from three different groups involved in cross-cultural 

exchange (one situated in the western part of the U.S, one situated in the eastern part of the U.S., 

and one situated in Bulgaria) centered on storyboarded representation of a lesson. In this way, we 

provide insights on how the lean graphics of the storyboard and the asynchronous nature of 

annotation can foster a culture of continuous improvement and mutual support among 

mathematics teachers spread over large geographic distances. Ultimately, we advocate for the 

widespread adoption of online multimedia authoring tools as integral components of 

contemporary approaches to cross-cultural collaboration on lessons for facilitating meaningful 

exchanges and promoting excellence in teaching and learning on a global scale. 
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Introduction 

In contemporary mathematics education, the need for innovative approaches for 

supporting teachers' professional collaboration and growth extends beyond the confines of 

individual classrooms, schools, and districts. In fact, we would argue teachers’ professional 

collaboration can and for some purposes should transcend geographical boundaries such as 

states, regions, nations, and even continents. The findings from large scale studies of 

mathematics teaching (such as TIMSS1, Stigler & Hiebert, 1999) along with the increasing 

globalization has impacted the landscape of professional development for mathematics teachers 

(Zhao, 2010; Mullis et al., 2016). Globalization has heightened teachers' awareness of cultural 

competence and diversity in mathematics education, leading to an increased emphasis on 

incorporating culturally relevant content and instructional strategies to meet the needs of diverse 

student populations (Ernest, 2008). This shift is reflected in professional development initiatives, 

which now often include training on culturally responsive teaching practices and equity-centered 

pedagogies (Gay, 2010). Furthermore, the landscape of professional development across the last 

twenty years has evolved to recognize the pivotal role of collaboration in refining teaching 

methodologies and enhancing student learning outcomes (Jaworski et al., 2017). These two 

changes, taken together, suggest a need for the community of mathematics education to embrace 

the emerging digital innovations for supporting education, many of which have become 

increasingly prevalent across the globe in the wake of the COVID-19 pandemic (Dede, 2022; 

 
1 Trends in International Mathematics and Science Study (Institute of Education Sciences, n.d.) 
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Ferdig et al., 2020). Online platforms offer unprecedented opportunities for international 

collaboration among secondary mathematics teachers. 

In this paper, we explore the fundamental research question: How do online lesson 

visualization and annotation tools facilitate international collaboration among secondary 

mathematics teachers, and how can these tools contribute to the collective refinement and 

improvement of lesson plans across diverse geographic locations? This inquiry not only 

underscores the significance of leveraging technology for professional growth but also explores 

the transformative potential of asynchronous collaborative exchanges in the field of mathematics 

education. The allure of digital tools lies in their capacity to transcend temporal and spatial 

constraints, enabling mathematics teachers to engage in meaningful exchanges irrespective of 

geographical distances. By harnessing the power of online lesson visualization and annotation 

tools, teachers can share insights, perspectives, and innovative practices in durable and 

archivable forms. This paper aims to illustrate the potential of such technological tools and their 

implications for fostering international collaboration in the realm of secondary mathematics 

education. 

The significance of our main research question reverberates within the context of 

contemporary mathematics education, where educators face diverse challenges with limited 

opportunities for peer-to-peer collaboration beyond their local contexts. With rapid technological 

advancements and ever-increasing globalization, the need for teachers to adapt their pedagogical 

practices to suit the evolving needs of students has never been more pronounced (Dede, 2014). 

By elucidating the mechanisms through which online tools facilitate international collaboration, 

this study examines the roles of digital tools in paving the way for a more interconnected and 

collaborative approach to lesson planning and instructional design. Throughout this paper, we 
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will explore the nuances of online collaboration, drawing upon empirical evidence from an 

ongoing NSF-funded project. Furthermore, we will feature examples illustrating the potential use 

of digital tools and platforms for supporting ongoing collaboration between teachers spread 

across different geographical regions and countries. By highlighting the efficacy of online lesson 

visualization and annotation tools, we aim to support mathematics teacher educators and 

researchers in embracing technology as a catalyst for professional growth and collective 

learning. This article contributes to the ongoing research on designing professional experiences 

that actively fosters collaborative and inclusive exchanges on lessons among teachers. 

 

Literature review 

Trends in Teacher Collaboration 

The importance of teacher collaboration for professional development in mathematics 

education has gained significant traction in educational research and practice. One seminal work 

that contributed to this interest is the TIMSS classroom video study, which shed light on the 

potential of teacher collaboration through a focus on Lesson Study practices in Japan (Stigler et 

al., 1999). This spotlight on collaboration has served to underscore its pivotal role in fostering 

teachers' professional growth and improving teaching practices. From Lesson Study in Japan to 

collaborative teacher projects in England and learning communities in Norway, various models 

of collaboration have emerged, reflecting distinct cultural contexts and educational landscapes 

(Robutti et al., 2016). 

In a survey commissioned for the 13th International Congress on Mathematical 

Education (ICME-13), Robutti and colleagues (2016) examine teachers’ collaborative working, 

exploring the diverse forms that collaboration has taken on across different educational systems. 
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They define collaboration as more than mere cooperation; entailing a relational system 

characterized by negotiation, joint decision-making, and mutual learning. The survey identifies 

316 papers published between 2005 and 2015 which showcased teacher collaboration as an 

explicit part of the research design. The researchers find diverse contexts in which mathematics 

teachers collaborate and learn together. Notably, only a small percentage of collaborations 

involve multiple countries or continents. Also, there is a concentration of studies from European, 

Australian, and North American regions. Surprisingly, particularly regarding Japanese Lesson 

Study, the researchers report a scarcity of studies from Asia, and limited representation from 

Africa, with those studies that did emerge from Africa being primarily from South Africa. 

Collaborations often involve tailored professional development initiatives driven by 

various stakeholders, addressing a range of aims from enhancing teachers' awareness of student 

learning trajectories to evaluating professional development program effectiveness. Some 

initiatives have dual aims, with researchers investigating teachers' learning while teachers engage 

in research on their own practice, such as planning “research lessons” where teachers look for 

curricular resources that might help students learn a particular mathematical concept (Bocala, 

2015). The articulation and sharing of aims among participants vary across collaborations, with 

some explicitly stating dual aims while others focusing on specific objectives relevant to their 

contexts. Overall, collaborations in mathematics education encompass a wide range of initiatives 

aimed at improving teaching practices and student learning outcomes. 

Three-quarters of the studies provided enough information to aggregate them based on 

the number of teachers and duration, with a predominance of smaller-scale (less than 100 

participants) and shorter-duration collaborations (less than 1 year). Teacher collaboration 

involved various stakeholders, including teachers, teacher educator/researchers, school 
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principals, and community leaders. Facilitation of these groups is often led by teacher educators 

or researchers. The dual role of facilitator and researcher can be problematic if one aims to 

establish equal authority amongst those collaborating, because the group authority can 

inadvertently shift towards the researchers over time as individuals settle into their expected 

roles (Besmusca & Drijvers, 2013; Nachlieli, 2011). Crucially while the study by Robutti and 

colleagues (2016) demonstrates a wide diversity of professional development efforts that center 

on teacher professional development, few of them support collaboration across multiple 

countries, involve teachers for more than a few weeks, engage large numbers of teachers, or are 

led by individuals different than the researchers of the reported studies.  

Role of Technology in Facilitating International Collaboration between Teachers 

To begin, the technology needed for designing and studying interventions for fostering 

international teacher collaboration (or any collaboration across a distance) requires a dual focus: 

enabling effective collaboration among teachers on mathematics instruction practices and 

supporting researchers in facilitating, observing, and studying such collaboration. The first 

activity calls for technologies that allow teachers to communicate with colleagues in a context 

where the common language is not sufficient for communicating about crucial details about 

practice. The practice of teaching mathematics in classrooms, just like any teaching, lacks a 

standardized technical vocabulary for enabling teachers to communicate. While some have 

advocated for the development of such a lexicon (Clark et al., 2017; Grossman, 2020), others 

caution against its oversimplification (Horn & Kane, 2019). Specifically, researchers have 

asserted that teaching relies on collective tacit knowledge (e.g., knowledge of instructional 

norms,  Herbst & Kosko, 2014) and is therefore inherently resistant to linguistic representation. 

To bridge this gap, multimodal representations like videos, or animations and storyboards have 
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proven invaluable (Herbst et al., 2011). Processes such as those featured in StoryCircles (Herbst 

& Milewski, 2018) enable educators to collaboratively script lessons, facilitating knowledge 

exchange (also see Zazkis & Herbst, 2018).  

For international collaboration to happen at scale, technological mediation becomes 

indispensable. Versatile technology capable of handling diverse media types for authoring and 

reading representations of practice, alongside facilitating collective annotation of such 

representations enables teachers to engage their tacit knowledge, which researchers can then 

document. In our own experiences as designers of professional development centered on teachers 

working at a distance to collectively author representations of lessons, lean graphic characters 

and online storyboarding software have been essential. These resources offer teachers the ability 

to communicate in ways akin to written language while retaining the expressive capacity to 

prompt tacit knowledge just as video does. From these experiences, we argue that the requisite 

infrastructure for supporting collaboration across distance and time should remain flexible and 

open, encouraging teachers to engage in meaningful authoring, interpretations of, and interaction 

with representations of practice and one another.  

Technology should not only facilitate the sharing of teachers' tacit knowledge but also 

establish a social infrastructure for discourse and exchange on representations of practice. Again, 

drawing on our own experiences, tools like Anotemos, an online social and multimodal media 

annotation tool, can play a pivotal role in facilitating collaborative annotation and editing of 

media, fostering rich exchanges among teachers, even when they are temporally and/or 

geographically distant (meeting at different times and seasons or different parts of the world). 

The social infrastructure we envision for supporting teachers’ collaboration on representations of 
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practice should support multimodal interactions, allowing users to engage graphically, aurally, 

and textually.  

While off-the-shelf software for annotating and representing lessons may suffice initially, 

integrating them into long-term research agendas, exemplified by platforms like LessonSketch 

(Chieu & Herbst, 2012), is crucial for sustained data collection supporting research on teacher 

collaboration. That is, if the technology is to support the iterative design and improvement of 

innovative forms of professional development, the technology should not only foster teacher 

collaboration but also streamline data collection for research. Though the LessonSketch platform 

(Herbst et al., 2013) is no longer operational, attempts to replicate usage with other tools have 

underscored the need for robust integration of tools for enabling researchers to curate 

experiences for practitioners, collect data, and analyze engagement and feedback. Ensuring 

seamless integration of collaborative tools with data collection mechanisms is crucial for 

advancing research on teacher collaboration about practice effectively. Furthermore, the 

continuous evolution and improvement of technology for studying teacher collaboration 

necessitates ongoing attention from researchers. This entails refining existing tools and exploring 

innovative approaches to meet evolving needs. Collaborative efforts among technology 

developers, educators, and researchers are paramount in creating user-friendly, effective, and 

adaptable technology solutions that bolster teacher collaboration and support robust research 

endeavors in mathematics education. 

Background 

StoryCircles is a model for professional development wherein teachers collaboratively 

create a lesson by participating in the process of scripting, visualizing, and arguing by utilizing 

multimedia tools (Herbst & Milewski, 2018). Using online storyboarding and annotation tools, 
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teachers script the progression of a lesson in a given instructional course, starting from a 

particular mathematical task to an associated mathematical goal. To support teachers to move 

beyond generic description of practice, we employ a depictor or storyboarder who uses an online 

storyboarding tool to visually represent teachers' shared lesson ideas on a storyboard, prompting 

participants to transform vague contributions (e.g., “Next, we should help the students 

understand”) into specific instructional actions. By visualizing ideas as a sequence of storyboard 

frames, participants get a sense of what the lesson looks like moment-to-moment, annotating 

their impressions, and as they compare the impressions from that visualization they realize the 

need to reach consensus on nuanced details of the lesson (e.g., what a teacher might say or do in 

response to an unexpected student contribution).  

As the lesson takes shape visually, practitioners’ diverse perspectives, shaped by their 

varied experiences, enrich discussions on crucial contingencies and instructional strategies. This 

diversity fosters argumentation, where alternative ideas are scrutinized to converge on a unified 

representation of the lesson. Participants have the opportunity to evaluate decisions on the basis 

of their affordances and risks, fostering reflective dialogue that is grounded in teachers’ practical 

rationality (Fenstemacher & Richardson, 1993). Such reflection enables teachers to gain insights 

into their practices and those of their peers, promoting professional growth (Herbst et al., 2020; 

Milewski et al., 2018). Once the cycle of scripting, visualizing, and arguing about a given 

moment is complete (see Figure 1), the cycle continues with the participants having the 

opportunity to either select one of the original ideas scripted by a participant, or craft a new 

alternative that none of the teachers originally offered.  The interaction continues this way as 

participants come to consensus about how the lesson should go. 
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Figure 1. A representation of StoryCircles 

 

At the heart of StoryCircles, teachers have the opportunity to collaborate on lessons, with 

support from the facilitator who orients participants towards one another and towards building 

consensus.  Unlike traditional models of professional development, facilitators do not prescribe 

solutions, but instead encourage teachers to address their own instructional dilemmas, fostering 

authentic sharing of teachers’ stories about practice. Because the product is a hypothetical lesson 

that participants may or may not elect to implement, participants do not have to feel threatened 

by others’ suggestions. Instead, the storyboard provides them a virtual space to engage in 

professional experimentation in which they have the opportunity to try something out that they 

might not otherwise be willing to try if they were acting in a real classroom with real students 

(Milewski et al., 2018). Through this experimentation, teachers have the opportunity to reflect on 

and authorize their own and others’ ideas about practice; and in this way have the freedom to 

come to their own understanding of what it means to act productively within specific lessons. 

This kind of individual agency frees the group up to move beyond engagement in longstanding 

debates on teaching about discovery versus direct instruction. Furthermore, teachers can focus on 
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collective meaning-making about what it might look like to productively facilitate students’ 

mathematical learning in the context of a problem-based lesson, where they may notice and 

make use of students’ various mathematical contributions (Herbst et al., 2023). 

One challenge we've noticed in the StoryCircles approach is the need for teachers to 

embrace professional growth through constructive argumentation. Specifically, the model relies 

on teachers' willingness to express dissenting views and explore alternative ideas. However, 

when groups lack diversity, the available perspectives may not surface enough alternatives 

organically. To address this, we've implemented strategies focused on integrating new materials 

sourced from teachers' classrooms or research on teaching into StoryCircles, resulting in 

valuable innovations (Brown & Herbst, 2023). 

In recent efforts, we've concentrated on broadening the StoryCircles group by 

incorporating new voices of practitioners through annotations on lesson storyboards (Figure 2).   

 

 
Figure 2. A representation of a newly adapted model for implementing StoryCircles with cross-

cultural collaborations 

 

Initially, groups of secondary mathematics teachers from the U.S. (shown on the left in 

Figure 2; composing groups hereafter) are organized into algebra or geometry groups to draft a 
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storyboarded lesson focused on a given task and aimed at a particular instructional goal. Across a 

six-week time period, through a series of asynchronous and synchronous activities, a draft of the 

storyboarded lesson is produced. 

Subsequently, the storyboarded lesson is shared with two new groups of secondary 

mathematics teachers recruited from both the U.S. and four partner countries (shown on the right 

in Figure 2; annotation groups hereafter). Over a three-week period, these annotation groups 

engage in asynchronous and synchronous activities to review and comment on the lesson, aiming 

to produce a collective commentary for improving the lesson. Similar to the composing 

StoryCircles groups, the annotation groups use the processes of scripting, visualizing, and 

arguing to develop their commentary—but they start by visualizing a lesson where the 

composing groups start by scripting a lesson. Each commentary is then shared with both the 

original composing groups and one additional annotation group (who have not seen the lesson 

storyboard). In a second six-week cycle, the composing groups utilize the received commentaries 

(one from the U.S. and one from a partner country) to inform the production of two new drafts of 

the storyboarded lesson. Simultaneously, the annotation groups are tasked with reading their 

newly assigned commentary and offering additional perspectives for improvement over a three-

week period.  

In summary, using this new iteration of StoryCircles, a single storyboarded lesson 

becomes the object of cross-cultural exchange amongst three groups of teachers from diverse 

backgrounds. Over 18 weeks, these four groups collectively produce an initial draft of the 

storyboarded lesson, three distinct commentaries, and two second drafts of the storyboarded 

lesson (each of which are informed by a commentary). Throughout this process, online 
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storyboarding and annotation tools facilitate collaborative work across different locations, time 

zones, and seasons, offering flexibility for cross-cultural engagement and exchange. 

Theoretical framework 

Narrative analysis serves as a methodological framework enabling individuals to delve 

into the human experience through storytelling (Bruner, 1987; Connelly & Clandinin, 1990; 

MacIntyre, 2013). At its core, narrative analysis suggests that humans are natural storytellers, 

both shaping and being shaped by the narratives they and others tell about their lives (Connelly 

& Clandinin, 1990; Sfard & Prusak, 2005). Over time, narrative analysis has become a valuable 

approach in educational research for helping us understand how teachers’ professional 

narratives—both individual and collective—take form and has been used to study teachers' 

experiences, knowledge (Ball & Goodson, 1985; Connelly & Clandinin, 1990, 1995; Sikes et al., 

1985), and professional identities (Li & Niyozov, 2008; Sfard & Prusak, 2005). 

In tandem with narrative analysis, narrative inquiry has emerged as a means of “honoring 

lived experience as a source of important knowledge and understanding.” (p. 7, Clandinin, 2022). 

This approach, as exemplified by scholars like Clandinin and Connelly (2004), has been used for 

self-study and to provide sociological insights into the communal construction of narratives 

(Carr, 1986). In education, narrative inquiry sheds light on teaching practices, teacher education, 

and professional ways of knowing (Goodson, 1988; Lyons & LaBoskey, 2002; Schön, 1995). 

When paired with a community of practice, narrative inquiry creates “safe, storytelling places 

where educators narrate the rawness of their experiences, negotiate meaning, and authorize their 

own and others’ interpretations of situations” (p. 116, Craig & Olson, 2002). Unlike traditional 

professional development paradigms that seek to impose external narratives as a means to reform 

educational practice, narrative inquiry empowers teachers to share personal stories and engage in 
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collaborative storytelling, fostering personal growth and reshaping professional identities 

(Clandinin, 2022). 

As an analytical method, narrative inquiry aims to understand the genesis of stories by 

synthesizing field texts into cohesive narratives, drawing on temporal, social, and place-based 

dimensions (Connelly & Clandinin, 2006). Temporality considers how past, present, and future 

experiences shape a narrative, while sociality encompasses personal and social conditions such 

as emotions and cultural contexts. Place refers to the physical settings or sequence of locations 

shaping a narrative. In teacher development, these dimensions prompt deeper understanding, 

recognition of socio-cultural influences, and contextualization of experiences. Our 

methodological approach utilizes StoryCircles to foster collaborative exchanges among teachers, 

effectively integrating with narrative analysis and inquiry. Similar to narrative analysis, 

StoryCircles centers on teachers’ experiences, purposely avoiding ‘‘strategies, tactics, rules and 

techniques that flow out of other considerations’’ (p. 188, Clandinin & Connelly, 2000). By 

privileging teachers' practical knowledge and positioning them as knowledgeable practitioners, 

StoryCircles fosters shared understanding and transformative learning experiences. Moreover, by 

supporting teachers in refining their narratives through reflection (Schön, 1995) and engagement 

in a community of practice (Little, 2002), StoryCircles sources learning from practice and 

collaboration (Herbst & Milewski, 2020). 

Lesson visualization for supporting teacher inquiry and illuminating teacher rationality 

Lesson visualization plays a pivotal role in supporting teacher inquiry and eliciting 

teachers’ practical rationality within the StoryCircles framework. Through collectively crafted 

lesson visualizations, StoryCircles presents unique opportunities for delving into teachers’ 

practical rationality. Specifically, the emphasis on creating lesson visualizations prompts 
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teachers to narrate stories that transcend surface-level discussions, delving into substantive 

details regarding the temporality, sociality, and contextual nuances (place) of teaching 

mathematics. 

The representation of these aspects in the form of a lesson storyboard is instrumental in 

fostering collaborative inquiry into mathematics teaching practices among teachers. Firstly, the 

visual nature of the constructed lesson storyboards compels teachers to share narratives grounded 

in specific settings (place). These storyboards depict frames portraying a mathematics classroom 

environment, showcasing lessons targeting specific mathematical goals within particular courses 

of study. This encourages teachers to reflect on how the context shapes their instructional 

decisions, such as whether to prioritize symbolic equations or alternative algebraic 

representations like tables or graphs in different lesson contexts Secondly, the storyboard 

medium, comprising a sequence of comics-like frames outlining the beginning, middle, and end 

of a lesson, prompts teachers to scrutinize the temporal aspects influencing their instructional 

choices. Teachers are prompted to consider the appropriateness of their decisions based on the 

timing within a lesson, fostering a deeper understanding of the nuanced temporal dynamics 

inherent in classroom instruction. Thirdly, the lean, nondescript, customizable set of graphics 

employed in the lesson representations facilitate inquiries into the social dimensions of teaching. 

By depicting a diverse set of characters, including students and a teacher, along with their 

interactions, the storyboards encourage teachers to contemplate the social dynamics at play 

within the classroom. Whether customizing characters to reflect individuality (e.g., giving 

students names, different facial expressions, differently designed vests, skin tones) or using more 

generic provided representations of the characters (see Figure 3), participants are prompted to 
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reflect on the social implications of their instructional decisions, such as accommodating the 

needs of diverse students during classroom interactions. 

 

 
Figure 3. Characters from LessonDepict displaying different levels of customization 

 

In summary, the lesson visualization approach used within StoryCircles serves as a catalyst for 

collaborative inquiry among teachers, encouraging them to delve into the complex interplay of 

temporal, social, and contextual factors shaping their instructional practices. Through reflective 

engagement with lesson visualizations, teachers have the opportunity to gain insights into their 

practice, fostering professional growth and thereby enhancing their effectiveness in the 

classroom. 

Lesson annotation for supporting and understanding teachers’ professional growth 

The annotations of lesson storyboards, produced by both individuals and groups of 

teachers toward the representation of a lesson storyboard, holds significant potential for 

nurturing and inquiring into teachers’ professional growth within the StoryCircles approach. The 

focus on constructing and refining annotations to enhance lesson storyboards drives teachers 

towards engaging in professional argumentation, where multiple alternative narratives for the 

same moment are produced, accompanied by justifications to discern their merits. Through this 

process, teachers have the opportunity to tell and retell their narratives of their lived experiences 

within a community of practitioners (who might agree or disagree in subtle or less than subtle 
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ways), gaining profound insights into their practical knowledge and moral frameworks through 

social interactions among peers. 

In these exchanges, it becomes apparent that the construction of the lesson storyboard is 

not solely under the control of any one individual or group. Teachers grapple with unexpected 

developments, adapting their stories to accommodate new perspectives and insights. This lack of 

complete control underscores the dynamic nature of storytelling within collaborative 

environments, enabling educators to uncover and critically reflect on their own teaching 

practices and challenge the underlying assumptions, which gives them stability (Smith, 1996) 

and can lead to transformative shifts in their professional perspectives and approaches. 

These kinds of interactions around improving lesson storyboards, occurring 

synchronously and asynchronously, offer a new second perspective on the concepts of place, 

sociality, and temporality in our work. This time, however, the terms are not used in reference to 

the narrative embedded in the representation of a lesson, but rather the narrative of how the 

lesson storyboard came to exist across many iterations and with the influence of many 

annotations that guided the development of the lesson visualization. Considering that 

StoryCircles does not occur in a single “place” but rather through online digital spaces (which 

bring together people from different physical and temporal places) that provide structures for 

supporting teachers’ engagement, we choose to replace the term "place" with "structure" in this 

section to prevent confusion. 

Structure directs our attention to the characteristics of the virtual settings where 

StoryCircles professional development unfolds, shaping participants’ understandings, 

motivations, and experiences. It plays a pivotal role in organizing teachers' collective work and 

guiding engagement and contributions in collaborative activities. One way in which structure 
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becomes apparent is through the organization of teachers’ collective work in professional 

development, particularly in designing or annotating lesson storyboards. This includes the nature 

of digital platforms and tools, as well as the sets of frames and instructions provided for 

activities. Specifically, variations in activity structures—such as whether teachers annotate 

lessons for personal improvement or produce commentaries for other groups—can result in 

different levels of engagement and contributions. This diversity in activity structures raises 

questions into the effectiveness of annotation methods within collaborative lesson inquiries.  

The social nature of StoryCircles highlights the fact that both personal (beliefs, 

knowledge, disposition) and social factors (societal norms, professional norms, professional 

obligations) play a role in shaping teachers' experiences.  One of the ways that the social nature 

of StoryCircles is made evident is through the interactions between participants, as observed in 

the annotations or exchanges that shape the lesson storyboard. These annotations provide 

insights into participants' underlying assumptions and interpretations of instructional practices as 

well as their influence on the development of the storyboard. Additionally, when these 

interactions are happening across cultural boundaries, they can shed light on the interpretability 

of various instructional practices or suggestions across cultural boundaries, fostering a deeper 

understanding of cultural influences on teaching practices.  

The temporal nature of StoryCircles encourages us to look across all three of these facets 

and try to understand how they intersect dynamically to shape the lesson storyboard that teachers 

construct as they navigate through time and space, integrating new stories from a wider audience 

and gaining fresh insights along the way. The temporal nature of StoryCircles becomes apparent 

through the evolution of the lesson and teachers’ annotations on the lesson over time, as evident 

by the dates when the annotations were provided. By aligning these artifacts, one can trace the 
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progression of the lesson storyboard. Similar to the lesson visualization itself, this narrative of 

multiple lesson visualizations and annotations on those visualizations unfolds with a beginning, 

middle, and end—commencing with teachers' initial encounters with the lesson and concluding 

with their final reflections—providing clues about how teachers grew across their collaborations. 

In summary, our use of collectively developed lesson visualizations and annotations on those 

lessons integrates temporal, social, and structural dimensions of narrative inquiry.  In doing so, 

the approach provides a comprehensive framework for inquiring on teachers' practical rationality 

and fostering teachers’ collaboration in ways that are conducive to transformative professional 

growth. 

To illustrate the utility of this framework, we reformulate our research question into the 

following two related questions: (1) How do the type of annotations elicited from groups of 

secondary mathematics teachers differ when they are operating under different activity 

structures, and what might this say about the influence of annotation structures on shaping 

teachers' collaborative inquiry on a lesson? (Structure), (2) How do the type of annotations 

elicited from groups of secondary mathematics teachers differ when they are gathered from 

different cultures, and what might this indicate about differences in the cultural norms for 

collaboration amongst these groups? (Sociality). The ensuing sections illustrate some of the ways 

that lesson visualization and annotation tools can foster international collaboration among 

secondary mathematics teachers and enhance lesson plan refinement by addressing the first two 

questions. Subsequently, we engage in a discussion on future work that will address the third 

question. 
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Methodology 

This study is a part of the large project in which twelve groups of secondary mathematics 

teachers–six groups focused on geometry and six on algebra–participated in separate iterations of 

StoryCircles. Among these twelve groups of secondary mathematics teachers, four groups of 

teachers were recruited from the U.S. to serve as composing groups (see background). The 

lesson storyboards were then disseminated to eight groups of secondary mathematics teachers 

recruited to serve as annotation groups (see background). Four of the annotation groups were 

recruited from the U.S. and the remaining four were recruited from four different partner 

countries: Bulgaria, India, Philippines, and South Africa. In Fall of 2023, the four composing 

groups were to draft their first version of the lesson storyboard and the eight annotating groups 

were to draft a commentary for sending back to their composing groups.  In Spring of 2024, the 

composing groups were to produce two revised versions of the lesson storyboard, informed by 

two separate commentaries and the eight annotating groups were to produce a commentary of a 

new storyboarded lesson after reviewing the commentary produced by another team. 

All but one of the composing groups were able to get their start in early Fall of 2023.  

Extenuating circumstances made it such that one of the geometry facilitators could not start until 

Winter of 2024. This created a design problem for us as we had two annotation groups that 

needed a storyboarded lesson to review. We resolved this problem by making two crucial 

adaptations. The first adaptation was that two annotation groups started with the task of 

annotating a storyboarded lesson that we (rather than a group of teachers) had previously created 

for a different purpose (e.g., supporting composing group in getting to know the lesson)—though 

we did not call attention to this difference.  The second adaptation was that the composing group 
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began with a slightly different task as well—improving a storyboarded lesson provided to them 

rather than improving a storyboarded lesson that they themselves had previously developed.  

Crucially, the storyboarded representation in both of these adaptations depicted a version 

of the Tangent Segments Lesson (see Figure 4) that we have described in other contexts as less 

desirable (Brown et al., 2024) because it depicts a teacher using a teacher-centered approach to 

demonstrate (with minimal student input) how solving a rich mathematical problem (see Figure 

4a) leads to a new theorem (see Figure 4b). In total, the Tangent Segments Lesson is made up of 

a total of 20 frames with 38 teacher dialogue bubbles and 0 student dialogue bubbles. To be 

clear, the approach of the teacher portrayed in this lesson is contrary to the intended goal of 

including classroom discussions in problem-based instruction. Yet, in our prior work (Brown et 

al., 2024), we have observed how the less desirable version of the Tangent Segments Lesson has 

the capacity for serving as a kind of “low-floor, high ceiling” (Resnick et al., 2009) activity for 

enhancing teachers’ engagement making them feel comfortable sharing ideas about how to refine 

the lesson.  

 
 

Figure 4a. One of the initial frames showing the 

problem posed in the Tangent Segments Lesson   

Figure 4b. Final frame showing the goal of the 

Tangent Segments Lesson 
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While these adaptations across these three groups were initially unplanned, they created a 

unique opportunity for this study. All three groups were working on the task of improving the 

less desirable version of the Tangent Segments Lesson but were operating under different 

structures (toward differing purposes), working at different time frames of their choice, and 

gathered from different locations. We leverage this opportunity by examining the annotations 

that resulted from the collaborations within these three groups.  

Description of groups and corpus 

Groups 1 and 2, consisting of 8 participants each, were designated as annotating groups 

and convened for a total of 3 weeks. Group 1 comprised 8 teachers from 7 different secondary 

schools in Bulgaria and convened in January 2024. Group 2 comprised teachers from 1 

secondary school in the Northwest region of the U.S. and convened from February to March 

2024. Over the course of their three-week cycle, participants in both groups individually 

annotated the less desirable version of the Tangent Segments Lesson in their asynchronous work 

before and in-between group sessions. During the three group sessions, both groups focused on 

producing a single set of annotations on the same lesson that they developed collectively by 

reviewing and discussing the individual annotations. They were informed that their collective 

annotations would be shared with another group whose members would further refine the lesson 

based on their collective feedback.  

Group 3, on the other hand, served as a composing group and met over a 9-week period. 

This group consisted of 3 teachers from 3 different secondary schools in the Northeast region of 

the U.S. and convened from February to April 2024. During the initial three weeks of their 9-

week cycle, Group 3 individually annotated the less desirable version of the Tangent Segments 

Lesson and subsequently engaged in collective revision of the lesson based on their annotations. 
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All three of these groups represented teachers with a range of experience teaching geometry—

with each group having at least one inexperienced teacher (having 1 year or less) while the 

majority of teachers in the group had more experience (ranging from 3 to 39 years with the 

groups’ average years of experience ranging from 13 to 18 years). This study’s analysis focuses 

on the individual annotations generated across all three groups.  

Analysis methods 

To address both the first and second research questions, we initially coded the complete 

set of annotations resulting from the three groups (n=92, excluding 52 annotations lacking a 

verbal statement, such as participants merely placing colored pins on the timeline or making 

screen markings) using a coding scheme adapted from Chieu and colleagues  (2015). This coding 

scheme, rooted in systemic functional linguistics, categorized participant comments into three 

linguistic categories: evaluation, reflection, and alternativity. 

The evaluation code encompassed comments containing linguistic markers of 

appreciation (e.g., ‘’I disagree that the teacher could characterize it as an ‘exploration’ and claim 

that ‘we just discovered’ a theorem’’), or judgment (e.g. “[The students in the comics] don't look 

very involved’’). The reflection code captured instances of comparison, causal reasoning, or 

conditional statements (e.g., ”I think the students could have come up with this if you gave them 

time/opportunity.”) The alternativity code included instances where participants proposed actions 

using modal verbs (e.g., “Teacher should ask students to suggest useful knowledge instead of 

volunteering it”) or expressed uncertainty about proposed actions using the imperative mood 

(e.g., Ask: "Is this circle the solution?").  

Since each annotation contribution was treated as a unit of analysis, some annotations 

received multiple codes. For example, the following contribution received two codes: “Could the 
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students have small whiteboards at their tables, or a shared white board, and try to draw the 

starting image [alternativity], instead of the teacher drawing it? [reflection]”. After categorizing 

the entire corpus, we aggregated the data to identify patterns that could shed light on the 

influence of activity structure or group composition. To answer research question 1, exploring 

the relationship between annotation types and differing activity structures, we compared the 

distribution of annotation types elicited from Groups 1 and 2 with that from Group 3. Similarly, 

to answer research question 2, investigating how annotation types might reflect differences in the 

cultures of the three groups, we analyzed the distribution of annotation types across all three 

groups. 

Findings 

Our findings are presented in two main sections, each aligned with operationalized 

research questions. In the first section, we address research question 1 (Structure): How do the 

type of annotations elicited from groups of secondary mathematics teachers differ when they are 

operating under different activity structures, and what might this say about the influence of 

annotation structures on shaping teachers' collaborative inquiry on a lesson? We approach this by 

delineating between the two distinct activities in which participants were involved and 

examining the differences that can be observed across the teachers' annotations of the same 

lesson representation. Subsequently, in the second section, we address research question 2 

(Sociality): How do the type of annotations elicited from groups of secondary mathematics 

teachers differ when they are gathered from different cultures, and what might this indicate about 

differences in the cultural norms for collaboration amongst these groups? We do this by 

describing the differences in the composition of the groups and examining the differences that 

can be observed across the teachers' annotations of the same lesson representation. 
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The Structure of the Activities in StoryCircles  

Overall, 19 participants contributed 92 comments to annotate the storyboard of the less 

desirable lesson. When looking across the entire corpus, it became apparent that participants' 

annotations were seldom characterized by markers of appraisal (16%, n=15) but more frequently 

contained markers of reflection (45%, n=41), especially when addressing students' thinking. 

Additionally, participants' contributions frequently offered suggestions for alternative actions 

(65%2, n=60), particularly concerning the depicted teacher's actions. 

When we inquire about this corpus through the lens of participants’ activity structures, 

notable differences emerge. Despite all participants annotating the same lesson storyboard, 

namely the less desirable representation of the Tangent Circle Lesson, they engaged in the 

annotation of that lesson under two distinct activity structures. Groups 1 and 2 were defined as 

annotation groups (as illustrated on the right-hand side of Figure 2), where individual annotations 

fueled collaborative efforts toward producing a collectively-developed annotation. This 

collective annotation was created to be shared with another group in order to aid in their efforts 

to improve the lesson storyboard, characterizing Activity Structure 1. In contrast, Group 3 was 

defined as a composing group (as illustrated on the left-hand side of Figure 2), where individual 

annotations contributed to collaborative efforts to revise the storyboard. This revised storyboard 

aimed to enhance the initial less desirable version of the lesson, characterizing Activity 

Structure 2. 

Figure 5 summarizes the percentages of evaluative, reflective, and alternative annotations 

for each activity structure. When annotating the storyboarded lesson individually, participants in 

Activity Structure 1 demonstrated greater inclination toward offering comments containing 

 
2 The percentages do not sum to 100% because some comments received more than one code. 
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alternatives (58%, n=47) than evaluations (15%, n=12) and reflections (27%, n=22). Notably, as 

in the larger corpus, the alternatives proposed in Activity Structure 1 predominantly focused on 

suggesting alternative actions for the teachers, as exemplified by statements such as “The teacher 

should ask the students what they need to construct a circle to lead them to the questions about 

the center and the radius’’. Conversely, participants in Activity Structure 2 displayed a greater 

tendency toward offering reflective comments (56%, n=19) as opposed to evaluative (9%, n=3) 

or alternative comments (35%, n=13) when annotating the storyboarded lesson. Furthermore, the 

reflections provided by participants in Activity Structure 2 closely mirrored those observed in the 

larger corpus, with a predominant focus on the students. For instance, they frequently made 

statements such as “Students might be thinking that they can use the tangent theorem from 

yesterday, or the bisector theorem or just draw some circles trying to observe something useful’’ 

or “Students might be thinking ‘I'm so lost’ at this point, especially if their group did not get this 

far in their investigation.” 

 

 
Figure 5. Percentage of comments in terms of evaluation, reflection and alternativity for each 

activity structure  
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The Sociality in the Activities of StoryCircles 

When we inquire about this corpus through the lens of the cultures of the groups, we 

notice some interesting differences. Recall that Groups 1, 2, and 3 differed from one another in 

ways that may be meaningful in terms of the group culture. For one, all three were drawn from 

different regions of the world. Furthermore the groups differed in terms of whether they were 

recruited from the same school or different schools. Both of these differences could have 

implications on the groups’ norms related to professional exchanges and what would be seen as a 

reasonable annotation on practice. Group 1 was composed of 8 participants recruited from 7 

different schools across Bulgaria (with schools separated by as much as 242 miles). Group 2 

was composed of 8 participants recruited from 1 school in the Northwestern region of the U.S.  

Group 3 was composed of 3 teachers recruited from 3 different schools across the Northeastern 

region of the U.S. (with schools separated by as much as 276 miles).  

Figure 6 illustrates the distribution of evaluative, reflective, and alternative annotations 

across each group. Despite operating within the same activity structure and utilizing identical 

annotation types, Group 1 and Group 2 displayed differences in their propensities to evaluate the 

storyboarded lesson as well as their propensities to suggest alternatives. Interestingly, with 

regards to evaluation, Group 2 and Group 3 look quite similar, both exhibiting a lower 

percentage of evaluative comments (5%, n=2 and 9%, n=3 respectively) compared with Group 1 

(27%, n=10). In regard to alternativity, it is also interesting to note that Group 1 and Group 3 

look quite similar, both exhibiting a lower percentage of alternative comments (38%, n=14 and 

37%, n=13 respectively) when compared with Group 2 (75%, n=33). This difference in 

propensity to offer alternatives might be explained by the fact that Groups 1 and 3 are composed 
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of teachers who do not know each other well, while Group 2 is composed of teachers drawn from 

the same school district and with a strong working relationship.  

 

 
Figure 6. Percentage of comments in terms of evaluation, reflection and alternativity for each 

group in both Activity Structures 

 

Discussion 

In the preceding section, we explored how the lenses of structure and sociality offer 

insights into understanding the variations in teachers' annotations concerning a shared lesson 

representation. Within the structure-focused segment, we shared findings illustrating that 

participants in Activity Structure 1 predominantly offered annotations which proposed 

alternative ideas for teacher actions, while participants in Activity Structure 2 tended to offer 

annotations with reflective comments about student thoughts or emotions within the lesson 

context. One plausible explanation for this contrast could be the participants' perceptions of their 

roles within the respective activity structures. 
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Individuals involved in Activity Structure 1, aimed at assisting other teacher groups in 

improving a specific lesson visualization, may have interpreted their role as demanding that they 

help their peers by suggesting alternative pedagogical possibilities that a teacher could use to 

help lead to a more productive mathematical discussion (as opposed to suggesting more realistic 

consequences that could result from the pedagogical practices that were already salient in the 

representation). Conversely, participants in Activity Structure 2, focused on annotating for 

personal improvement and eventual lesson representation refinement, may view their role as 

centered around reflecting on students' perspectives during the lesson. 

While these explanations are not exhaustive, they offer intriguing insights. They suggest 

that Activity Structure 1 may implicitly assume that the representation is to be taken as a 

portrayal of aspirational teaching practices, emphasizing what teachers should ideally do, rather 

than illustrating the potential complexities that can emerge in more realistic or even less than 

aspirational classroom scenarios. This ambiguity is particularly relevant as composing groups 

often grapple with questions about whether to depict lessons realistically or idealistically, and 

how might they expect an audience to make sense of a decision to intentionally represent some 

of the less than ideal but perhaps realistic circumstances they know teachers may benefit from 

considering. 

Moreover, the findings from Activity Structure 2 highlights a potential benefit of 

annotating less desirable lesson representations for motivating teachers’ revisions. Such activity 

structures may foster teachers' curiosity and empathy towards students' experiences, encouraging 

them to consider the challenges students face in lessons where the teacher does too much of the 

cognitive work and these considerations can support them in exploring alternative approaches for 

improving students’ learning outcomes. 
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In the section focusing on sociality, we presented two key findings that highlight the 

limitations of structure alone in explaining teachers' annotations. Firstly, despite both Groups 1 

and 2 participating in similar activity structure, Group 1 exhibited a greater inclination towards 

offering evaluative comments compared to Group 2. Surprisingly, Groups 2 and 3, despite being 

involved in differing activity structures, demonstrated similar aversions to evaluation when 

compared with Group 1. This difference in propensity to evaluate might be explained by the fact 

that Group 2 and 3 are composed of teachers drawn from the U.S., while Group 1 is composed of 

teachers drawn from Bulgaria. Prior research has consistently shown that norms of politeness and 

defensiveness prevail in the U.S., posing challenges in eliciting candid discussions about 

teaching practices (Wilson & Berne, 1999). To navigate these challenges, many professional 

development programs in the U.S. have adopted collaborative approaches that prioritize an 

inquiry stance  over an evaluative one (Cohen, 2008), as evident in the frequent use of sentence 

stems like 'I notice, I wonder' (Dobie & Anderson, 2021). 

Secondly, despite both Groups 1 and 2 both being engaged in similar activity structures, 

there was a notable disparity in their propensity to offer alternatives, with Group 2 being much 

more inclined to do so. Interestingly, Group 2 also surpassed Group 3 in this aspect, suggesting 

that the participants' recruitment from within the U.S. might not fully explain these differences. 

An alternative explanation could be that Group 2 consisted entirely of colleagues from the same 

school, potentially fostering a supportive environment where individuals feel comfortable taking 

risks and proposing alternatives without fear of judgment. This cohesion among colleagues may 

provide them with a unique advantage in embracing vulnerability and innovation in their 

annotations, rather than merely offering reflections or evaluations on practice. 

Conclusion 
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In this study, we explored the role of lesson visualization and annotation tools in 

facilitating collaboration among secondary mathematics teachers across cultural boundaries. Our 

investigation provides insights into the dynamics that shape teachers' collaborative practices and 

interactions, informing the design of technologically mediated environments for fostering cross-

cultural dialogue among educators. 

Through the use of lesson visualization and annotation tools, such as those employed in 

StoryCircles, teachers can engage in collaborative inquiry on shared lessons, transcending 

geographical and temporal barriers that once hindered such interactions. By collectively crafting 

and refining lesson visualizations through the development and exchange of annotations, 

teachers have the opportunity to engage in reflective dialogue about practice, explore alternative 

pedagogical approaches, and examine the nuances of classroom instruction. These tools serve as 

catalysts for collaborative inquiry, encouraging teachers to examine the complexities of teaching 

practice and co-construct knowledge across international boundaries. 

Moreover, our analysis underscores the pivotal role of technological affordances in 

facilitating cross-cultural collaboration and knowledge exchange among teachers from diverse 

backgrounds. Lesson visualization and annotation tools offer a shared platform for educators to 

exchange experiences, challenge assumptions, and innovate instructional strategies. By 

collaboratively engaging with these digital tools, teachers can create enduring lesson artifacts 

that contribute to a library of lessons3 encoding teachers’ practical knowledge for teaching. 

Our findings suggest the potential of lesson visualization and annotation tools for 

fostering international collaboration and enhancing teacher professional development. By 

 
3 A library of digital lesson artifacts (such as storyboards) that would permit others, otherwise uninvolved 

in the construction of the artifacts, to examine the artifacts, engage with them (e.g., annotating them or 
even modifying them), and use them for their own purposes (e.g., sharing them with colleagues for 
continued collaboration. 
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leveraging technology to facilitate collaborative inquiry and cross-cultural dialogue, educators 

can cultivate inclusive learning communities that promote continuous growth, innovation, and 

excellence in teaching practice.  

Looking ahead, it is imperative for teacher educators and professional development 

designers to embrace digital technologies as an integral component of professional development 

centered on teacher collaboration. Continued research into the use of lesson visualization and 

annotation tools across diverse educational contexts is essential. Investigating their impact on 

teacher learning outcomes and professional community building will further enhance our 

understanding of effective strategies for leveraging technology to enrich teaching and learning in 

an increasingly interconnected world. 

Acknowledgements 

The research reported in this paper has been done with the support of NSF grant DRL 2201087. 

All opinions are those of the authors and do not necessarily represent the views of the 

Foundation. 

 

References 

Ball, S. J., & Goodson, I. F. (1985). Teachers' lives and careers. London: Falmer Press. 

Besamusca, A. & Drijvers, P. H. M. (2013). The impact of participation in a community of practice on 

teachers’ professional development concerning the use of ICT in the classroom. In A. M. 

Lindmeijer & A. Heinze (Eds.), Proceedings of the 37th Conference of the International Group for 

the Psychology of Mathematics Education (Vol. 2, pp. 81–88). Kiel, Germany: PME, Conference 

of the International Group for the Psychology of Mathematics Education 37. 

Bocala, C. (2015). From experience to expertise: The development of teachers’ learning in lesson study. 

Journal of Teacher Education, 66(4), 349-362.https://doi.org/10.1177/0022487115592032  

Brown, A. M., & Herbst, P. G. (2023). On designing better structures for feedback in practice-based 

professional development: Using “failure” to innovate. Journal of Mathematics Teacher Education, 

26(5), 581-605. https://doi.org/10.1007/s10857-023-09588-1  

Brown, A., Jeon, S., Herbst, P., & Schwarts, G. (2024). Investigating the potential for the annotation of 

less desirable lessons to serve as a low floor/high ceiling task for lesson-centered professional 

development. Proceedings of the 2024 International Congress on Mathematics Education. Sydney, 

Australia. (ICME, July 2024). 



33 

Bruner, J. (1987). Life as narrative. Social research, 11-32. 

Carr, D (1986). Time, narrative, and history. Bloomington: Indiana University Press. 

Chieu, V. M., Kosko, K. W., & Herbst, P. G. (2015). An analysis of evaluative comments in teachers’ 

online discussions of representations of practice. Journal of Teacher Education, 66(1), 35-50. 

https://doi.org/10.1177/0022487114550203  

Chieu, V.M. & Herbst, P. (2012). LessonSketch: A Rich-Media Scenario-Based Learning Environment 

for Teacher Development. In P. Resta (Ed.), Proceedings of SITE 2012--Society for Information 

Technology & Teacher Education International Conference (pp. 968-973). Austin, Texas, USA: 

Association for the Advancement of Computing in Education (AACE). 

Clandinin, D. J. (2022). Engaging in narrative inquiry. Routledge. 

Clandinin , D. J. & Connelly , F. M. (2000). Narrative inquiry: experience and story in qualitative 

research. San Franciso: Jossey-Bass. 

Clandinin, D. J., & Connelly, F. M. (2004). Knowledge, narrative, and self-study. In: J. Loughran, M. 

Hamilton, V. LaBoskey & T. Russell (Eds), International handbook of self-study of teaching and 

teacher education practices (pp. 575–600). Boston: Kluwer Academic Publishing. 

https://doi.org/10.1007/978-1-4020-6545-3_15  

Clarke, D., Mesiti, C., Cao, Y., & Novotna, J. (2017). The lexicon project: Examining the consequences 

for international comparative research of pedagogical naming systems from different cultures. In 

T. Dooley & G. Gueudet (Eds.), Proceedings of the Tenth Congress of the European Society for 

research in mathematics education (CERME10, February 1–5, 2017) (pp. 1610–1617). Dublin: 

DCU Institute of Education and ERME. 

Cohen, J. L. (2008). ‘That’s not treating you as a professional’: teachers constructing complex 

professional identities through talk. Teachers and Teaching, 14(2), 79–93. 

https://doi.org/10.1080/13540600801965861 

Connelly, F. M., & Clandinin, D. J. (1990). Stories of experience and narrative inquiry. Educational 

Researcher, 19(5), 2-14. https://doi.org/10.2307/1176100  

Connelly, F. M., & Clandinin, D. J. (1995). Narrative and education. Teachers and teaching, 1(1), 73-85. 

https://doi.org/10.1080/1354060950010106  

Connelly, F. M. & Clandinin, D. J. (2006). Narrative Inquiry. In J. Green, G. Camilli, & P. Elmore (Eds.), 

Handbook of Complementary Methods in Education Research (pp. 375-385). Mahwah, NJ: 

Lawrence Erlbaum. 

Craig C., & Olson M. (2002). The development of teachers’ narrative authority in knowledge 

communities: A narrative approach to teacher learning. In Lyons N., & LaBoskey V. (Eds.), 

Narrative inquiry in practice: Advancing the knowledge of teaching (pp. 115—129). New York: 

Teachers College Press. 

Dede, C. (2014). The Role of Digital Technologies in Deeper Learning. Students at the Center: Deeper 

Learning Research Series. Jobs for the Future. 

Dede, C. (2022). The Coming Sea-Change in Teacher Education. Journal of Technology and Teacher 

Education, 30(2), 117-125. Waynesville, NC USA: Society for Information Technology & 

Teacher Education. Retrieved April 6, 2024 from https://www.learntechlib.org/primary/p/221170/ 

. 

Dobie T. E., & Anderson E. R. (2021). Noticing and wondering to guide professional conversations. 

Mathematics Teacher: Learning and Teaching PK-12, 114(2), 94–102. 

https://doi.org/10.5951/MTLT.2020.0210   



34 

Ernest, P. (2008). Epistemological Issues in the Internationalization and Globalization of Mathematics 

Education. In: Atweh, B., et al. Internationalisation and Globalisation in Mathematics and Science 

Education. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-5908-7_2 

Fenstermacher, G. D., & Richardson, V. (1993). The elicitation and reconstruction of practical arguments 

in teaching. Journal of curriculum studies, 25(2), 101-

114.https://doi.org/10.1080/0022027930250201  

Ferdig, R.E., Baumgartner, E., Hartshorne, R., Kaplan-Rakowski, R. & Mouza, C. (2020). Teaching, 

Technology, and Teacher Education during the COVID-19 Pandemic: Stories from the Field. 

Association for the Advancement of Computing in Education (AACE). Retrieved April 5, 2024 

from https://www.learntechlib.org/p/216903/ . 

Gay, G. (2010). Culturally responsive teaching: Theory, research, and practice (2nd ed.). Teachers 

College Press. 

Goodson, I. (1988). Teachers' life histories and studies of curriculum and schooling. In I F. Goodson 

(Ed.), The making of curriculum: Collected essays, (pp. 71-92). Philadelphia: Falmer Press 

Grossman, P. (2020). Making the complex work of teaching visible. Phi Delta Kappan, 101(6), 8-13. 

https://doi.org/10.1177/0031721720909580  

Herbst, P., Boileau, N., Shultz, M., Milewski, A., Chieu, VM. (2020). What Simulation-Based Mentoring 

May Afford: Opportunities to Connect Theory and Practice. In: Bradley, E. (eds) Games and 

Simulations in Teacher Education. Advances in Game-Based Learning. Springer, Cham. 

https://doi.org/10.1007/978-3-030-44526-3_7  

Herbst, P., Brown, A., Chazan, D., Boileau, N., & Stevens, I. (2023). Framing, responsiveness, 

serviceability, and normativity: Categories of perception teachers use to relate to students' 

mathematical contributions in problem‐based lessons. School Science and Mathematics, 123(7), 

398-413. 

Herbst, P., Ko, I., & Milewski, A. (2020). A heuristic approach to assess change in mathematical 

knowledge for teaching geometry after a practice-based professional learning intervention. 

Research in Mathematics Education, 22(2), 188-208. 

https://doi.org/10.1080/14794802.2019.1704851  

Herbst, P., & Kosko, K. (2014). Mathematical knowledge for teaching and its specificity to high school 

geometry instruction. In J. Lo, K. R. Leatham, & L. R. Van Zoest (Eds.), Research Trends in 

Mathematics Teacher Education (pp. 23-45). New York, NY: Springer. 

Herbst, P. & Milewski, A. (2018). What StoryCircles can do for mathematics teaching and teacher 

education. In R. Zazkis and P. Herbst (Eds.), Scripting approaches in mathematics education: 

Mathematical dialogues in research and practice (pp. 321-364). Springer. 

https://doi.org/10.1007/978-3-319-62692-5_15  

Herbst, P., Nachlieli, T., & Chazan, D. (2011). Studying the practical rationality of mathematics teaching: 

What goes into “installing” a theorem in geometry?. Cognition and Instruction, 29(2), 218-255. 

https://doi.org/10.1080/07370008.2011.556833  

Horn, I. S., & Kane, B. D. (2019). What We Mean When We Talk about Teaching: The Limits of 

Professional Language and Possibilities for Professionalizing Discourse in Teachers’ 

Conversations. Teachers College Record, 121(6), 1-32. 

https://doi.org/10.1177/016146811912100604  

Jaworski, B. Chapman, O., Clark-Wilson, A., Cusi, A., Esteley, C., Goos, M., Isoda, M., Joubert, M., & 

Robutti, O. (2017). Mathematics Teachers Working and Learning Through Collaboration. In: 



35 

Kaiser, G. (eds) Proceedings of the 13th International Congress on Mathematical Education. 

ICME-13 Monographs. Springer, Cham. https://doi.org/10.1007/978-3-319-62597-3_17  

Li, L., & Niyozov, S. (2008). Negotiating teacher’s professional identity in a changing Chinese society. 

Education and Society, 26(2), 69–84. https://doi.org/10.7459/es/26.2.06   

Little, J. W. (2002). Locating learning in teachers’ communities of practice: Opening up problems of 

analysis in records of everyday work. Teaching and teacher education, 18(8), 917-946. 

https://doi.org/10.1016/S0742-051X(02)00052-5  

Lyons, N., & LaBoskey, V. K. (Eds.). (2002). Narrative inquiry in practice: Advancing the knowledge of 

teaching (Vol. 22). Teachers College Press. 

MacIntyre, A. (2013). After virtue. A&C Black. 

Milewski, A., Herbst, P., Bardelli, E. & Hetrick, C. (2018). The role of simulations for supporting 

professional growth: Teachers' engagement in virtual professional experimentation. Journal of 

Technology and Teacher Education, 26(1), 103-126. Waynesville, NC USA: Society for 

Information Technology & Teacher Education. Retrieved April 15, 2024 from 

https://www.learntechlib.org/primary/p/181094/ . 

Mullis, I., Martin, M., Goh, S., & Cotter, K. (Eds.). (2016). TIMSS 2015 encyclopedia: Education policy 

and curriculum in mathematics and science. TIMSS & PIRLS International Study Center, Boston 

College. 

Nachlieli, T. (2011). Co-facilitation of study groups around animated scenes: The discourse of a 

moderator and a researcher. ZDM, 43, 53-64.https://doi.org/10.1007/s11858-010-0305-2  

Resnick, M., Maloney, J., Monroy-Hernández, A., Rusk, N., Eastmond, E., Brennan, K., Millner, A., 

Rosenbaum, E., Silver, J., Silverman, B., & Kafai, Y. (2009). Scratch: programming for all. 

Communications of the ACM, 52(11), 60–67. 

Robutti, O., Cusi, A., Clark-Wilson, A. Jaworski, B., Chapman, O., Esteley, C., Goos, M., Isoda, M., & 

Joubert, M.. (2016). ICME international survey on teachers working and learning through 

collaboration: June 2016. ZDM Mathematics Education 48, 651–690. 

https://doi.org/10.1007/s11858-016-0797-5  

Schön, D. A. (1995). Knowing-in-action: The new scholarship requires a new epistemology. Change: The 

Magazine of Higher Learning, 27(6), 27-34. 

Sfard, A., & Prusak, A. (2005). Telling Identities: In Search of an Analytic Tool for Investigating 

Learning as a Culturally Shaped Activity. Educational Researcher, 34(4), 14-22. 

https://doi.org/10.3102/0013189X034004014   

Sikes, P . J , Measor, L., & Woods, P (1985). Teacher careers- Crises and continuities. London: Falmer 

Press. 

Stigler, J. W., & Hiebert, J. (1999). The teaching gap: Best ideas from the world’s teachers for improving 

in the classroom. New York: The Free Press. 

Stigler, J.W., Gonzales, P., Kawanaka, T., Knoll, S., and Serrano, A. (1999). The TIMSS Videotape 

Classroom Study: Methods and Findings from an Exploratory Research Project on Eighth-Grade 

Mathematics Instruction in Germany, Japan, and the United States. (NCES 1999-074). U.S. 

Department of Education. Washington, DC: National Center for Education Statistics.  

Vu Minh, C. & Herbst, P. (2012). LessonSketch: A Rich-Media Scenario-Based Learning Environment 

for Teacher Development. In P. Resta (Ed.), Proceedings of SITE 2012--Society for Information 

Technology & Teacher Education International Conference (pp. 968-973). Austin, Texas, USA: 



36 

Association for the Advancement of Computing in Education (AACE). Retrieved April 15, 2024 

from https://www.learntechlib.org/primary/p/39700/. 

Wilson, S. M., & Berne, J. (1999). Teacher Learning and the Acquisition of Professional Knowledge: An 

Examination of Research on Contemporary Professional Development. Review of Research in 

Education, 24(1), 173-209. https://doi.org/10.3102/0091732X024001173  

Zazkis, R., & Herbst, P. (Eds.). (2018). Scripting approaches in mathematics education: Mathematical 

dialogues in research and practice. Springer. https://doi.org/10.1007/978-3-319-62692-5  

Zhao, Y. (2010). Preparing Globally Competent Teachers: A New Imperative for Teacher Education. 

Journal of Teacher Education, 61(5), 422-431. https://doi.org/10.1177/0022487110375802   

 

 

 


