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This dissertation study investigates late-elementary and early-middle school 

field trips to a mathematics exhibition called Math Moves!.  Developed by and 

currently installed at four science museums across the United States, Math Moves! is a 

suite of interactive technologies designed to engage visitors in open-ended 

explorations of ratio and proportion.  Math Moves! exhibits emphasize embodied 

interaction and movement, through kinesthetic, multi-sensory, multi-party, and whole-

body immersive experiences. 

Many science museums and other informal-learning institutions offer exhibits 

and public programs devoted to a wide variety of mathematics topics.  These museum-
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based mathematics learning environments can represent a counterpoint to school 

mathematics classrooms, yet they also serve school audiences, through school 

outreach programs, museum-based professional development for teachers, and school 

field trips. 

This project addresses the relationship between school- and museum-based 

mathematics learning through a video-based field study of school excursions to Math 

Moves!.  The study addresses the overarching questions of how, in the context of these 

excursions, teachers and students engaged with Math Moves! exhibits, as well as how 

they imagined and remembered the exhibits in the classroom.  Data include 

naturalistic video recordings of pre-algebra students and their teachers both in the 

museum as well as during surrounding classroom preparation and follow-up activities. 

Informed by contemporary theories of embodied cognition, communication, 

and experience, an interplay of thematic and micro-interactional analyses trace how 

teachers and students engaged with, imagined, and remembered Math Moves! exhibits 

through talk, gesture, and material action.  Findings indicate that teachers and students 

engaged in a rich array of interactions that functioned to bring exhibit experiences into 

relation with ongoing participation in school mathematics.  At the same time, the field 

trips created an educational context that destabilized working assumptions about the 

nature of mathematical thinking and learning, opening for the participants the question 

of what counts as mathematics. 
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CHAPTER 1 

Math on the Move 

 

1.1  Moving Between School Math and Math Moves! 

“I get the BEST chair,” Sean exclaims, trying to catch the attention of his 

classmate, James, through thickening laughter.  Having clambered atop a dramatically 

oversized plywood chair, Sean sits with his legs outstretched, barely clearing the seat’s 

depth.  James, however, is distracted by his own absurdly scaled seating arrangement.  

Knees bent much higher than his hips, he sits low to the ground, atop a dramatically 

undersized chair that seems almost to disappear underneath him.  Negotiating this 

laughable ergonomics, James grins and tells Sean “this one feels like I’m in preschool 

again.” 

Being in preschool again is an amusing thought for Sean and James who are, in 

fact, 6th-grade students visiting the Science Museum of Minnesota in the context of a 

school field trip with their pre-algebra class.  Along with a third, normal (and less 

hilarious) chair, the absurdly sized chairs were constructed so as to be geometrically 

similar to one another, and are part of an interactive mathematics exhibit called 

Comparing Forms.  Prior to sitting, laughing, and remembering being in preschool on 

the chairs, Sean and James have been using various tools provided by the exhibit to 

measure and compare the chairs’ heights.  They’ve jotted these measurements down 

on assigned worksheets that will ultimately be graded and factored into a test score for 

the field trip. 
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Much to their surprise, the worksheet also instructed them to sit on all three of 

the chairs, consider the feeling of sitting on each one, and share that experience with a 

friend.  Following these directions, with visible and audible delight, the two students 

are now taking turns sitting in each of the chairs, announcing through waxing laughter 

and volume, “this one feels normal,” “this one is the best,” “this one feels like I’m in 

preschool again,” “this one feels like I’m the king,” and “this one feels like I’m 

playing with my dolls!”  Mirrors stationed in front of each of the chairs reflect the 

boys’ images back to them, along with a printed question, “How do you fit in this 

chair today?”  Thus, each time Sean or James takes a seat he also sees his own body 

atop the chair; the overall feel of being in each chair is at once a matter of touch, 

proprioception, and vision, as well as the affects, imagery, and memories evoked by 

kings and dolls. 

Built into the unassuming plywood and mirror glass at Comparing Forms is a 

design effort to engage visitors like Sean and James in mathematics through material 

tangibility, multisensory experience, and whole-body movement.  Comparing Forms is 

one of a dozen technologies that make up a mathematics exhibition about ratio and 

proportion, whose exclamatory title pithily points to its own design aesthetic:  Math 

Moves!.  A walk through Math Moves! reveals a suite of interactive, open-ended 

exhibits made of an eclectic array of digital and analog materials:  tabletop 

manipulatives, motion detectors, gears, spinning wheels, loud acoustic clickers, and 

multisensory computer feedback interfaces.  As its title suggests, the exhibition’s 

design emphasizes embodied interaction and movement, through just-invented 
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technologies that varyingly allow for kinesthetic, multi-sensory, multi-party, and 

whole-body immersive experience. 

A few years before Sean and James laughingly took their seats at Comparing 

Forms, I had my first encounters with Math Moves!, before it was built, and before it 

acquired its catchy title.  New to educational research, I had a research assistantship 

that enabled me to participate in the exhibition’s design process from its early stages, 

as well as to help study visitor experiences with prototype exhibits.  The design 

process for Math Moves! — I would learn later, as I became more immersed in 

museum communities — was somewhat unusual because it involved a large 

collaboration of professionals from four different science museums across the United 

States: the Science Museum of Minnesota in St. Paul, MN; The Museum of Life + 

Science in Durham, NC; Explora in Albuquerque, NM; and the Museum of Science in 

Boston, MA.  The design team also included experienced and novice educational 

researchers like myself.   

Amidst a substantial institutional and individual heterogeneity, was a shared 

interest in the countercultural possibility that mathematical thinking and learning are 

fundamentally embodied processes.  Inspired by the notion that even seemingly 

‘abstract’ or ‘incorporeal’ mathematical ideas might inhere in ‘concrete,’ body-based 

experience, the Math Moves! design collaborative developed a suite of interactive 

exhibits aiming to provide multi-sensory, materials-rich experiences related to ratio 

and proportion. 
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As the design process unfolded from vague ideas to prototypes to a finished 

installation at each of the four science museums, what began to emerge seemed, to me, 

to be something quite different from images of typical school mathematics.  Math 

Moves! appeared to have entirely different repertoires of materials, activity scales, and 

sensory modalities than do traditional mathematics classrooms.  Familiar 

mathematical representations and symbolisms, though not absent, were noticeably 

sparse.  At the same time, the designers were making an effort to enable meaningful 

intersections with school mathematics through the development of a guide and other 

resources for educators who might make use of the exhibition. 

Meanwhile, as I became increasingly familiar and involved with the culture of 

museum-based education, I grew attuned to its complex — often, contradictory — 

relationship with formal schooling.  On the one hand, museums and other informal 

learning institutions can represent an alternative to formal schooling, providing free-

choice learning environments unencumbered by the standardization and assessment 

regimes associated with formal schooling’s entrenched infrastructure.  On the other 

hand, many museums have a significant intersection with the K-12 system, through 

programs such as school outreach, museum-based professional development for 

teachers, and school field trips.  I grew curious about Math Moves! and school math, 

and intrigued by the complex dynamics between museums and schools.  This 

dissertation is the result of following that curiosity, camera in-hand, between school 

mathematics classrooms and Math Moves!. 
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1.2  Mathematics in Museums 

Math Moves! is part of a larger cultural movement around museum-based and 

other informal mathematics learning environments, a cultural movement with which I 

hope this study will have a sustained and meaningful dialogue.  As I will detail in 

Section 2.1, over the past two decades, science museums and other informal-learning 

institutions across the United States have devoted significant resources to developing 

exhibitions and programs about a variety of mathematical topics, including geometry, 

number, pattern, algebra, calculus, and ratio and proportion.  Museum program 

developers are designing mathematics activities for field-trip visitors, school outreach 

programs, and families.  Professional meetings and conferences for museum 

practitioners, researchers, and evaluators now frequently include sessions devoted to 

supporting and studying visitor engagement with mathematics.  The winter of 2012 

marked the highly publicized opening of the New York City Museum of Mathematics, 

further testifying to the increased visibility of mathematics as an explicit focus of 

museum-based education.  Since I began this study, I have deepened my own 

involvement in museum-based mathematics education, most recently through assisting 

with the establishment of InforMath, a design-research collaborative among 

educational researchers, art, and science museums investigating museum-based 

exhibits and programming that blend mathematics, science, and the arts 

(www.informalmathematics.org). 

As I describe in Chapter 2 (Section 2.1), there is very little research on how 

people learn, teach, and make sense of mathematics in designed informal-learning 
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environments provided by museums and science centers, nearly all of which focuses 

on casual and family visitors.  Moreover, the handful of extant research studies of 

museum-based mathematics education is persistently preoccupied with actual or 

potential relationships between school- and museum-based mathematics, a concern 

that strikes a deep chord within my own practical experience with mathematics 

exhibitions and museum programming (see Section 1.1).  Yet we still know very little 

about how school-group visitors interact with mathematics exhibitions and what they 

make of these experiences when they are in the classroom.  In addressing these 

questions, this study is a beginning attempt to make sense of the complex and 

consequential sets of resonances, dissonances, intersections, and contradictions 

between museum- and school-based mathematics. 

1.3  Evolving Research Questions 

In this dissertation I tell the story of a qualitative, video-based study (see 

Chapter 3) I conducted of 5th-, 6th-, and 7th-grade mathematics-classroom excursions to 

the installation of Math Moves! at the Science Museum of Minnesota.  Taking a 

naturalistic approach to a set of human activities about which I had few advance 

expectations, I began this study with two broad, originating research questions: 

Originating Research Question 1:  In the context of a school field trip to the 

Science Museum of Minnesota, how do students engage with Math Moves! 

exhibits? 
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Originating Research Question 2:  In the context of classroom preparation 

and follow-up to a field-trip visit to Math Moves!, how do teachers and 

students remember and imagine the exhibition? 

The first of these questions was oriented toward an analytic immersion in 

moments like Sean’s and James’ ebullient seating experience at Comparing Forms.  It 

aimed to contribute to an understanding of how students on field trips interact with 

and around mathematics exhibits.  Surprisingly little — in fact nothing I could find in 

the peer-reviewed research literature — is known about what it is that schoolchildren 

actually do when they are on the floor of one of the growing collection of interactive 

mathematics exhibitions in the US, a subject to which I will return later in this chapter, 

as well as in Chapter 2. 

As I will elaborate in the review of literature in Chapter 2, I was thinking about 

exhibit engagement in terms of a couple of organizing conceptual principles.  First, I 

understood engagement with Math Moves! exhibits in terms of embodied interaction 

and experience, constituted in the inter-elaboration of talk, embodied action, and 

physical manipulation of the material environment.  In addition to the exhibition’s 

design, this choice was motivated by contemporary scholarship in embodied 

cognition, communication, and experience, particularly as it relates to (a) mathematics 

education and the learning sciences, including some of my own co-authored work on 

emergent mathematical tool fluency; and (b) work in informal science learning and 

visitor studies focused on multimodal and micro-interactional conduct in museums 

and galleries.  Chapter 2 (Section 2.4) reviews these literatures in relation to this study. 



 8 

Second, the free-choice design of the exhibition setting and the unexplored 

nature of the activities I hoped to study together motivated a relatively wide breadth of 

analytic attention.  Because of this, I took an interpretive purview that followed the 

unexpected, spontaneous interests and activities of the teachers and students who 

participated in this study, wherever they led.  Thus, while my work was informed by 

the mathematics-education literature related to ratio and proportion (reviewed in 

Section 2.3), the activities I studied ultimately traversed across multiple anticipated 

and unanticipated mathematical ideas.  And, as I discuss in Chapters 7 and 8, these 

activities frequently pushed against received disciplinary norms for what should be 

regarded as mathematics to begin with.  In a critical review of the literature on school 

science field trips in Chapter 2 (Section 2.2.2), I will further motivate this broad initial 

framing as an alternative to what I will argue are limiting assumptions and 

operationalizations of content and learning in this research. 

Taken together, these principles for conceptualizing exhibit engagements 

entailed, for example, attending to the physical details of how Sean and James 

clambered up and crouched down on the over- and under-sized chairs at Comparing 

Forms.  It also meant staying with their emotive evocations of kings and dolls, even — 

or especially — when these affects and allusions seemed a far cry away from settled 

images of mathematics.  As my analysis of this engagement in Chapter 7 (Section 7.3) 

will illustrate, this approach not only allowed for a responsiveness to the 

unanticipated, but, ultimately, enabled me to see how field trips to the exhibition 
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functioned to destabilize, for the participants in this study, limiting assumptions about 

the nature of mathematical sense-making. 

This study’s second originating research question took as its focus the myriad 

ways in which teachers and students in this study talked about and made sense of Math 

Moves! when they were in the classroom, both before and after the field trip.  In 

particular, I investigated instances in which teachers and students imagined and 

remembered Math Moves! exhibits during classroom preparation and follow-up 

activities, as well as follow-up interviews I conducted.  This might include, for 

instance, a classroom presentation about an exhibit, such as when Catie and Marcus 

presented measurements they took at Comparing Forms to their 7th-grade class, 

crafting and annotating on-the-spot drawings of the chairs on the classroom smart 

board.  It might also include a brief comment or question, as when 6th-grader Mark 

alluded to Comparing Forms in a whole-class follow-up conversation, saying “I 

thought it was cool because you could like put math into shadows and shapes and 

chairs” (see Section 7.2). 

A focus on imagining and remembering Math Moves! in the classroom was 

motivated, in part, by debates in the literature about the durability of field-trip 

experiences in learners’ lives, memories, or understandings (reviewed in Section 

2.2.3).  This second originating research question was further inspired by a 

longstanding literature in museum-education research on memories of museum visits 

(reviewed in Section 2.2.3).  However, as I describe in Sections 2.2.3 and 2.4.2, my 

conceptualization of imagining and remembering took a critical departure from how 
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memory is theorized in the literature on museum memories.  In particular, I joined 

with recent interdisciplinary scholarship highlighting the embodied, social, and 

material dimensions of remembering and imagining against a contrastive theoretical 

backdrop consisting of longstanding mentalist accounts of these phenomena (reviewed 

in Section 2.4.2). 

Thus, similar to my approach to studying student engagement with Math 

Moves!, I understood remembering and imagining as processes that inhere in situated, 

embodied interaction during moments in which people respectively (a) evoke objects 

and events that are understood as belonging to the past, and (b) bring to quasi-presence 

physically absent, hypothetical, or yet-to-be entities and processes.  This meant, for 

example, attending to the role of gesture in expressing and making sense of 

relationships between the tools of the exhibition and the tools of the classroom (see, 

e.g., Section 5.4), or retrospectively transforming an exhibit’s design features in 

creative and consequential ways (see, e.g., Section 8.3.1). 

While these initial, broad research questions set the overall scope of the 

project, over time my research questions evolved as I refined them in response to the 

events I was studying.  This process of change and refinement occurred over a 

protracted period through dialogue with ongoing collection and analysis of data (see 

Sections 1.4, 3.3, and 3.4).  Responding to recurrent themes in the data, I gradually 

developed more refined research questions that established a more nuanced set of foci 

within the overall scope defined by my originating questions. 



 11 

First, as this study’s participants moved from their classrooms, to the museum, 

and back again, I became intrigued by the significant and multifaceted interactional 

work of teachers and students to interrelate Math Moves! with school mathematics.  

Thus, I asked, while engaging with, imagining, and remembering Math Moves! 

exhibits, how did teachers and students bring Math Moves! exhibits into relation with 

ongoing participation in school-based mathematics?  This refined question reflects 

both an interest in the work of interrelating school math and Math Moves!, as well as a 

greater attunement, on my part, to the role of teachers in that work (see Section  9.3.2).  

Findings Chapters 4-6 are particularly addressed to this refined research question. 

Second, as I was studying instances of engaging with, imagining, and 

remembering Math Moves!, I was struck by how salient and surprising the 

exhibition’s body-based design was for the participants in this study.  Both on the 

museum floor and in the classroom, how were teachers and students responding to 

and making sense of the exhibition’s emphasis on bodily activity and experience?  

Findings Chapters 6-8 are addressed to this second refined research question. 

The movement from originating to more refined research questions reflects the 

organic evolution of this project in response to the exigencies of conducting 

naturalistic fieldwork.  This evolution is further reflected in the organization of the 

present text: while the early chapters (Chapters 2 and 3) are oriented to the originating 

research questions, the later chapters (Chapters 4-9) address these more refined 

articulations of the questions. 
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1.4  Methods:  Collecting and Analyzing Video Records of Math Moves! Field 

Trips 

In this project I conducted a naturalistic video-based study of school field trips 

to Math Moves! that traced the activities of teachers and students both during the visit 

itself, as well as during surrounding classroom preparation and follow-up activities.  

Chapter 3 explicates the methods I used in this study in detail.  As a brief overview, I 

worked with 5th- through 7th-grade classes covering pre-algebra content whose 

teachers conducted a field-trip visit to Math Moves!.  In all cases the field trips 

included both classroom preparation and follow-up activities.  The data I collected 

included intensive video recordings of the trip and accompanying classroom activities, 

as well as informal interviews with participating teachers and students. 

My analytic approach was qualitative and, in general, involved an ongoing 

interplay between inductive thematic analyses of the data as a whole and multimodal 

interaction analyses of selected video-recorded episodes from the museum, 

classrooms, and interviews.  Because I began with broad overarching research 

questions, I engaged in several phases of data focusing, during which I identified and 

explored major themes that recurrently arose across the data, a process I describe in 

detail in Section 3.4.  These themes informed and were, in turn, refined by finer-

grained interpretations of select micro-analytic case studies, in which I traced talk, 

gesture, and material actions during instances of exhibit engagement, imagining, and 

remembering. 
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1.5  Entanglement and Rupture 

What emerged from this work was a set of thematic threads and micro-analytic 

case studies that provide a more nuanced understanding of the complex relations 

between schools and museums that initially motivated the study.  I traced, on the one 

hand, interactional dynamics that functioned to interweave Math Moves! and school 

math, establishing mutual flows of materials, norms, and pedagogies between the two 

sites.  I found that, while the field trips created a context that ‘schooled Math Moves!’ 

through the imposition of classroom-based norms onto exhibit experiences, they also 

had the effect of ‘moving school math,’ through subtle, ephemeral infiltrations of 

materials and body-based pedagogies from the museum into the classroom.  I also 

learned that the teachers and students in this study engaged in significant interactional 

work — both in the museum and back in the classroom — to bring Math Moves! 

exhibits into relation with ongoing participation in school mathematics.  These 

included explicit, teacher-led attempts to recall and apply classroom language to 

exhibit features and materials; making use of the exhibits to further the work of 

classroom sense-making related to ratio and proportion; and situating exhibit 

experiences temporally with respect to broader trajectories of curricular mathematics.  

This work of entanglement between Math Moves! and school mathematics are the 

focus of Chapters 4-6. 

Running through this rich web of interrelations woven by teachers and students 

between the exhibition and life in school, was another, more disruptive dynamic.   In 

particular, over the course of this study, the teachers and students with whom I worked 
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prompted a change in my own thinking about the nature and educative potential of 

Math Moves!.  In Chapter 7, I draw on data from this study to suggest that field trips 

to Math Moves! created an educational context that destabilized for the participants 

limiting assumptions about the nature of mathematics.  In Chapter 8 I argue that the 

destabilizing quality of the exhibition for field-trip goers made the question of what 

counts as mathematics newly relevant for the participants, in ways that prompted 

students to try, in their words, to “see,” “find out,” or “feel” mathematics in the 

exhibition.  These insights, in turn, prompt me to consider that, rather than providing 

an alternative route to the same mathematical content, statically construed, the 

educative value of field trips to interactive mathematics exhibitions like Math Moves! 

may inhere in their potential to open questions about disciplinary knowledge that all-

too-often remain closed. 
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CHAPTER 2 

Literature Review 

 

In Chapter 1 I gave a brief overview of the set of literatures that intersected to 

inform this project.  In this chapter, I provide a more in-depth review of each of these 

various strands of research.  I begin with a cultural-historical overview of mathematics 

in US museums as well as a discussion of the small body of extant research in this 

area.  I then discuss some of the debates and controversies animating the literature on 

science field trips along with how these informed the way I framed this study.  

Ultimately, the field trips I studied involved interactions that traversed across a wide 

variety of mathematical ideas and, importantly, appeared to leak out of normative 

boundaries for disciplinary sense-making altogether, a topic I explore in Chapters 7 

and 8.  However, my initial thinking about the field trips I studied was informed by 

mathematics-education research on ratio and proportion because these were the 

official topical foci of the exhibition.  Because of this, I include a review of that 

literature in this chapter.  I then turn to recent scholarship in embodied cognition with 

a focus on how this informs the conceptualization of the three major constructs 

organizing this project’s originating research questions:  exhibit engagement, 

remembering, and imagining.  Finally, I revisit the originating research questions in 

relation to these literatures. 
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2.1  Mathematics in Museums 

During business hours at Geometry Playground — a traveling exhibition 

currently installed at the Science Museum of Oklahoma — teenagers climb over and 

through a ten-foot-tall sculpture of stellated rhombic dodecahedra, parents take 

photographs of their children whose images have been anamorphically transformed in 

large cylindrical mirrors, and school-group students are ushered between the 

exhibition and specialized workshops where they experiment with forced-perspective 

photography and dip plastic polyhedra in bubble solution.  Meanwhile, visitors to Flip 

It, Fold It, Figure it Out! at the North Carolina Museum of Life and Science are trying 

to guess the identity of hidden objects based on only their shadows, add their height 

data to a large interactive scatter plot, and explore the relationship between origami 

and designing space telescopes.  At Design Zone — a traveling algebra exhibition 

currently installed at the Rochester Strong National Museum of Play — visitors 

collaboratively draw curves on a digital Cartesian plane, balance equations by 

manipulating weights on a large scale, and create polyrhythms with a drum machine 

designed to engage the user with the mathematics of pattern and number.  At Math 

Moves!, the exhibition that is the focus of this study, visitors use body parts and other 

nonstandard measurement tools to compare geometrically similar three-dimensional 

objects, watch their shadows grow and shrink as they change their distance from a 

light source, and move their bodies in front of motion detectors to create dynamic 

graphs. 
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In these and many other museums and science centers across the United States, 

visitors are engaging with a variety of exhibitions designed around the mathematics of 

number, geometry, data analysis, ratio and proportion, algebra, and calculus; school 

groups are filling out worksheets assigned by their math teachers, interacting with 

math exhibits, and participating in specialized math workshops; museum-based 

educators are embarking in outreach vans that will bring mathematics activities to 

community schools; and K-12 teachers are participating in museum-based 

professional-development programs that increasingly include explicit attention to 

mathematics (Mokros, 2006).  As these snapshots are intended to portray, United 

States museums currently offer a wide variety of mathematics-oriented educational 

opportunities to multiple audiences (A. V. Anderson, 2001; Cooper, 2011).  Moreover, 

interest in supporting mathematics learning in museums is on the rise, with many of 

the currently installed or traveling mathematics exhibitions developed in the past 

decade or so, along with the educational programming that typically accompanies 

them.  The highly publicized opening of the New York City Museum of Mathematics 

in 2012 further testifies to the increased visibility of mathematics as an explicit focus 

of museum-based education. 

As an active participant myself in efforts to design for and research 

mathematics learning in museum-based exhibitions and programming, I am, of course, 

in some of these introductory scenes, varyingly as a novice designer, visitor, educator, 

and researcher.  I intersected with Geometry Playground when it was first developed 

at the Exploratorium in 2010, chatting with the designers and spending time with 
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research and evaluation staff who were trying to make sense of visitor interactions in 

the exhibition.  Later, I helped design programs for school groups visiting Geometry 

Playground when it came to San Diego’s Reuben H. Fleet Science Center.  I, along 

with my advisor, Dr. Ricardo Nemirovsky, studied a prototype exhibit from the 

algebra exhibition Design Zone, developing together some of the ideas around 

embodied tool use and gesture that would later shape my thinking about the current 

project (Nemirovsky, Kelton, & Rhodehamel, 2012, 2013).  I had — and continue to 

have — extensive involvement with Math Moves!, participating in the exhibition’s 

collaborative design process, researching family interactions with some of its 

prototypes, and eventually conducting this dissertation study with one of its 

installations.  As I complete this dissertation now, my advisor and I have continued to 

work in informal mathematics education through the establishment of the Informal 

Mathematics Collaborative, a research center that brings together mathematics 

education researchers, science museums, and art museums to explore interdisciplinary 

learning environments that blend mathematics, science, and art 

(www.informalmathematics.org).  Thus, in the process of the study I present here, I 

gradually came to feel less an observer and more a participant in the communities of 

informal science education, museums, and visitor-studies research.  This evolution is 

reflected in this text through my multifaceted role as an in-the-making designer, 

ethnographer, and advocate of informal mathematics education. 

The growing interest in museum-based mathematics learning is embedded in 

several broader cultural-historical trends within the United States museum profession.  
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First, the number of museums in the US dramatically increased in the latter part of the 

20th century, with 11,000 of the estimated 16,000 museums established in the past 

three decades (Alexander & Alexander, 2008).  This growth has been matched by a 

gradual shift in the public role of US (as well as Western European) museums:  

although there is a long tradition of these institutions serving as the preservers and 

displayers of cultural artifacts or ‘authentic’ objects, many contemporary museums — 

especially science centers, who have led many of the mathematics-education 

initiatives — define their role as primarily one of public education.  The growing 

educational role of museums is manifested, inter alia, in institutional mission 

statements, more partnerships with K-12 schools and universities, and growing 

accountability pressures from both private and public funding agencies requesting that 

museums evaluate the learning outcomes associated with funded projects and align 

their efforts with state and national content standards (e.g., Alexander & Alexander, 

2008; Falk & Dierking, 2000; Hein, 1998; Hooper-Greenhill, 2007; National Research 

Council, 2009).  Thus, researchers and practitioners typically cast museum-based 

mathematics initiatives as significant players in the broader US educational landscape. 

The recent wave of interest in museum-based mathematics education is further 

inflected by late-20th-century changes in the pedagogical philosophy of US science 

centers.  Specifically, many contemporary science centers — particularly those 

established or restructured since the post-World War II reconstruction of the 

Deutsches Museum in Munich in 1965 and the founding of the San Francisco 

Exploratorium in 1968 — follow a design aesthetic and pedagogical philosophy that 
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downplays the display of technological artifacts or natural specimens sequestered 

behind glass cases (Alexander & Alexander, 2008).  Instead, many of these institutions 

currently emphasize an interrelated set of exhibit-design criteria, including the 

qualities of being (a) multi-sensory, meaning they engage multiple perceptual 

modalities such as vision, audition, touch, and proprioception; (b) interactive, meaning 

they invite and respond to visitors’ actions on them; and (c) multi-party, meaning they 

allow or even encourage multiple users at once.  Scholars and practitioners further 

characterize this shift in design aesthetic as a manifestation of a more democratized 

politics of audience reception.  In other words, the old-fashioned object behind the 

glass has come to connote a didactic pedagogy that privileges institutional 

interpretation, while the multi-sensory interactive exhibit betokens visitor participation 

and sense-making (e.g., see Evans, Mull, & Poling, 2002 for their discussion of 

object-based epistemology versus object-based discourse). 

That mathematics-exhibition design has followed a similar trajectory is nicely 

illustrated by a comparison between a photograph of children at Mathematica, the first 

widely circulated mathematics exhibition in the US developed in the 1960s (see Figure 

2.1) and at two exhibits that are part of Math Moves!, the exhibition I helped design 

and researched for this project (see Figure 2.2). 
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Figure 2.1.  Children at Mathematica circa 1961.  Taken from Schwarzer (2006, p. 18). 

 

   

Figure 2.2.  Children at Math Moves! in 2012.  Still images from video data collected by author for this 
project. 

 

As these images suggest, visitors to Mathematica engaged (and still do — 

today copies of the exhibition are installed in several US museums) with the exhibits 

primarily by reading copious text panels, looking at printed images, and occasionally 

pressing buttons to activate scripted mechanical routines, such as a large arrow 

traveling around a Möbius strip.  Current mathematics exhibitions like Math Moves! 
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have attempted to replace the ocular didacticism that some museum professionals now 

feel characterizes exhibitions like Mathematica and other early science exhibitions, 

with an emphasis on multi-sensory interactivity and a more visitor-centered politics of 

interpretation and participation.  Thus, while the children in Figure 2.1 hold their 

hands and bodies still while they gaze upwards at a textual exegesis of the history of 

mathematics, the children in Figure 2.2 climb on top of, touch, measure, and immerse 

their whole bodies in exhibits whose textual interpretations have been left intentionally 

sparse.  Without valorizing or villainizing either of these two design aesthetics or the 

many ways of pursuing their interplay, I simply note here that the emphasis in Math 

Moves! on engaging hands, eyes, feet, ears, whole bodies, and sometimes multiple 

bodies foreshadows the need to understand thinking and learning in this exhibition in 

terms of visitors’ embodied interactions with the designed environment as well as with 

one another. 

Although the opportunities for learning mathematics in US museums are 

proliferating, to date there is very little research on visitor experiences with the variety 

of mathematics exhibitions and programs now offered by science centers and similar 

institutions (A. V. Anderson, 2001; Cooper, 2011).  For example, a 2001 report 

commissioned by the Association of Science-Technology Centers (ASTC) gathered 

descriptive data about the mathematics-learning opportunities provided by five case-

study science museums and concluded that there was “almost no research or 

evaluation of mathematics learning in science center exhibits, programs, or materials, 

although the potential is enormous” (A. V. Anderson, 2001, p. 4).  A little over a 
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decade later this situation has just barely begun to change; mathematics exhibition 

development projects have increased their evaluation efforts and a handful of research 

and evaluation studies or summary reports have been published (Cooper, 2011; Dancu, 

Gutwill, & Hido, 2011; de Freitas & Bentley, 2012; Guberman, Flexer, Flexer, & 

Topping, 1999; Gyllenhaal, 2006; Mokros, 2006; Nemirovsky et al., 2012, 2013). 

Despite the handful of research and evaluation reports on museum 

mathematics that have been published, a 2011 exploratory study triangulated data 

from museum-visitor observation, interviews with museum educators, and a small (n = 

24) number of responses to a nation-wide survey to conclude that the mathematical 

potential of museums is yet under-realized and that “there is very limited research to 

provide insight into how mathematical thinking can be enhanced through informal 

learning experiences” (Cooper, 2011, p. 63).  The general paucity of research on 

museum-based mathematics learning highlights a pressing need to ask foundational 

questions about learners’ experiences with these exhibitions.  What do visitors actually 

do when they visit mathematics exhibitions?  In the context of a free-choice setting 

like a museum (Falk, Donovan, & Woods, 2001), in which learners are able to pursue 

whatever intrigues them, what do visitors to mathematics exhibitions find interesting, 

relevant, or worth exploring?  Given design principles that variably emphasize multi-

sensory, interactive, or multi-party experiences, how do visitors to mathematics 

exhibitions engage their bodies to interact with the designed environment and with one 

another?  How are events in mathematics exhibitions embedded in or related to the 

rest of learners’ lives?  How might close attention to visitors’ experiences with 
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mathematics exhibitions enrich, destabilize, or transform broader theoretical 

understandings of the nature of mathematical thinking and learning? 

In addition to contributing to a foundational understanding of learner 

experiences with mathematics exhibitions, my proposed study also addresses a 

concern that is consistently articulated by the existing literature on these exhibitions.  

Specifically, within the small collection of research and evaluation studies of 

mathematics in museums, a persistent preoccupation with the relationship between 

school- and museum-based mathematics learning has already emerged as an issue that 

is relevant to teachers, learners, museum practitioners, and researchers.  This 

preoccupation manifests, somewhat paradoxically, in discourses that tend to polarize 

school and museum mathematics while simultaneously advocating for their 

integration.  For example, the 2001 ASTC report contrasts the “experiential” nature 

(A. V. Anderson, 2001, p. 101) and “real-world” (ibid, p. 101) applicability of 

museum mathematics experiences with the “formal mathematics instruction provided 

by schools” (ibid, p. 101); at the same time, the report acknowledges an under-realized 

potential for exhibits to elicit ‘transfer’ of school-based learning and urges 

practitioners to link mathematics exhibitions and programs to content standards in 

order better to serve K-12 populations.  A similar dynamic also inflects Gyllenhaal’s 

(2006) analysis of interview and observational data from the evaluation of Handling 

Calculus, a collection of interactive, kinesthetic exhibits about calculus and pre-

calculus developed and installed at the Science Museum of Minnesota.  The report 

begins with a colorful contrast between the “thick textbooks, droning teaching 
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assistants, and red-ink-stained homework” (p. 345) of school mathematics and the 

enjoyable “hands-on and full-body experiences” (p. 245) available in museum 

exhibitions like Handling Calculus.  It concludes, however, with the major finding that 

visitor engagement with the exhibits was profoundly shaped by and elicited acts of 

remembering experiences in school mathematics.  In conversations with one another 

and with interviewers, visitors recalled both positive and negative feelings about 

school mathematics and reconstructed fragments of specific mathematical knowledge 

and skills learned in school to make sense of the exhibits.  Cooper (2011) also 

characterizes museums and other informal learning environments as important 

alternatives to school mathematics classrooms that are in turn cast as overly 

constrained by governmental mandates, hyper-structured, procedural, and lacking in 

real-life applicability.  Yet many of the museum professionals interviewed and 

surveyed by this study stressed that school groups constituted their institution’s largest 

audience and expressed the need to align better with curricular mathematics standards.  

Finally, in a report on efforts to develop and study interactive mathematics exhibits for 

youngsters at a children’s museum, Guberman et al. (1999) argue that, while school 

mathematics often over-emphasizes computation and can promote “negative and 

narrow views of mathematics” (p. 285), reform recommendations for school 

mathematics embodied in the NCTM standards are actually quite compatible with 

many museums’ educational philosophies. 

There are many ways that practitioners and researchers might engage with, 

respond to, or critique how the relationship between school and museum mathematics 



 

 

26 

has been enacted so far in this young literature.  For example, in my experience, it is 

not uncommon for museum practitioners to respond to calls for greater standards 

alignment by retrofitting state, NCTM, or common-core standards to extant 

installations and programs, an action that usually funnels quite directly into the 

perceived marketability of museum field trips to K-12 schools.  Another response — 

one to which I am partial — might be to point out that essentializing discourses about 

schools and museums tend to (a) homogenize cultural images of either setting, (b) 

overwrite actual differences between particular settings with polarizing stereotypes, 

and (c) actually produce or re-entrench the problematic of school-museum 

rapprochement or lack thereof.  A third way of engaging, which is the pursuit of the 

proposed project, is to investigate empirically the detailed ways in which mathematics 

classroom communities actually make use of mathematics exhibitions.  If the 

relationship between school and museum mathematics is of great concern for 

researchers, practitioners, and learners alike, it is essential that we start developing 

more nuanced and graded images of what teachers and students from particular 

classrooms do in specific mathematics exhibitions along with the practical means by 

which they render a visit to a mathematics exhibition relevant to classroom life.  What 

do school-group children and their teachers do at these exhibitions and how do they 

talk about them when they are in the classroom? 
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2.2  Science Field Trips 

2.2.1  Feeding Off of Field-Trip Controversies 

[I]f one were to prepare a bibliography of articles from science journals 
extolling the possible values of field trips it would no doubt be as long 
as your arm.  Indeed it might be as long as a dozen arms laid end to 
end. (Mallinson, 1957, p. 569) 
 
Experience of itself, whilst highly enjoyable, is overwhelmingly a 
missed opportunity when schools and museums fail to capitalise on its 
learning potential. (Tunnicliffe, Lucas, & Osborne, 1997, p. 16) 

 

Because of the relative novelty of practical and research-based interest in 

mathematics exhibitions, to my knowledge there are currently no published peer-

reviewed studies about field trips to them (I will later discuss one non-peer-reviewed 

study published by the Exploratorium (Dancu, Gutwill, & Sindorf, 2009)).  Naturally 

this points to a basic need for empirical studies of this kind of phenomenon.  There is, 

however, relatively well developed and active research on field trips to science centers 

and, less frequently, to planetaria, aquaria, nature centers, and art museums (for 

current reviews see DeWitt & Storksdieck, 2008; Hofstein & Rosenfeld, 1996; 

National Research Council, 2009).  This section of the literature review synthesizes 

this research with an eye toward how my originating research questions and study 

design (a) addressed questions left open by the literature, (b) resonated with recent 

trends, and, in some cases, (c) were motivated by my own emerging critical analyses 

of certain assumptions, lacunae, contradictions, or erasures in the design and reporting 

of field-trip studies. 
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Although my research identified field-trip studies published as early as the 

1930s (for early reviews see Bitgood, 1989; Koran, Koran, & Ellis, 1989; Mason, 

1980), my review of the literature extends only as far back as the 1970s for two 

reasons.  First, prior to and even sometimes including studies published in the 1970s, 

the term ‘field trip’ tended to refer to geoscience excursions to outdoor settings rather 

than to the designed, built environments of museums.  While I occasionally draw on 

the geoscience-excursion literature, I have kept the majority of the focus on trips to the 

kind of designed museum environments that share more commonalities with my study 

site, the Science Museum of Minnesota.  Second, in light of the changes in exhibition 

design and museum pedagogical philosophy made in the late 1960s and early 1970s, 

discussed in an Section 2.1, studies on field trips to museums published before the 

1970s likely captured a phenomenon that was markedly different from the activities 

examined in the present project. 

Field trips are currently a controversial topic for both museum practitioners 

and informal science researchers, as the above epigraphs are intended to convey.  Over 

dozens of conversations with professionals working in science museums, I have 

encountered opinions that run the gamut.  On the one hand, field trips might be 

memorable and educative experiences that provide an important pedagogical 

counterpoint to the traditional classroom format, while promoting student enthusiasm 

for STEM disciplines and awareness of community resources for lifelong learning.  

On the other hand, field trips might be a waste of resources because students wildly 

run “amok” (Parsons & Muhs, 1994, p. 57) while teachers and chaperones idle at the 
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sidelines, take coffee breaks, or regrettably impose formal school-like structure 

through the use of overbearing and excessively directive worksheets (Griffin & 

Symington, 1997).  The conflicted nature of the opinions circulating through the 

practitioner community is echoed by numerous contradictory results and equivocal 

recommendations made by the research literature on science field trips.  In what 

follows, I heed Latour’s (2005) advice to ‘feed off controversies’ by synthesizing the 

field-trip research according to two different tensions that I identify in the literature: 

(a) debates about whether school-group students demonstrate cognitive or affective 

gains in targeted content areas following a field trip, and (b) disagreement and concern 

over what is alternately described as an ephemeral or highly memorable visit to an 

exhibition. 

2.2.2  Controversy 1:  Learn vs. Don’t Learn 

One of the most basic and longstanding debates in the literature on science 

field trips centers on the question as to whether school-group students demonstrably 

learn about the content targeted by exhibitions or museum programs.  Specifically, a 

number of quantitative studies based on administration of content exams to detect 

improvements in targeted scientific knowledge have produced lukewarm results.  On 

the one hand, many studies have found that students who go on field trips do 

significantly improve their content knowledge within domains such as mechanics 

(Flexer & Borun, 1984), astronomy (Gennaro, 1981, p. 198; Mallon & Bruce, 1982), 

biology and ecology (Falk & Balling, 1982; A. J. Farmer & Wott, 1995; Miglietta, 

Belmonte, & Boero, 2008; Wright, 1980), and geoscience (Mackenzie & White, 1982; 
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Orion, 1993; Orion & Hofstein, 1994).  However, others have cautioned against overly 

optimistic interpretations of these kinds of results, because (a) statistically aggregated 

improvements may mask a sizable proportion of students who don’t in fact improve 

their content knowledge, (b) gains are disproportionately demonstrated by students 

who have high prior content familiarity and positive attitudes about science, and (c) 

content gains may be statistically significant but small and short-lived (Jarvis & Pell, 

2002; Miglietta et al., 2008).  Moreover, measured content knowledge gains for field-

trip learners have varyingly outpaced (Wright, 1980) or lagged behind (Flexer & 

Borun, 1984) the improvement of students taught the same content in a classroom 

setting. 

Results from qualitative studies of conceptual change over the course of a 

field-trip experience have produced equally mixed impressions.  On the one hand, 

some researchers have analyzed data from student interviews, written assignments, 

and questionnaires, to conclude that students who go on field trips develop 

increasingly normative scientific understandings of topics such as relativity theory 

(Guisasola, Solbes, Barragues, Morentin, & Moreno, 2009), astronomy (Plummer, 

2009), radiation (Henriksen & Jorde, 2001), and sound mechanics (Beiers & 

McRobbie, 1992).  Conversely, other researchers cite data from interviews and 

student-generated concept maps to conclude that field trips have little impact on 

children’s scientific understandings (Judson, 2011) or may even result in scientifically 

non-normative conceptualizations (D. Anderson, Lucas, Ginns, & Dierking, 2000; 

Beiers & McRobbie, 1992). 
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Concerns that an exclusive focus on content-knowledge gains may do poor 

justice to field trips have led some researchers to turn their focus to attitudinal changes 

associated with field trips, an approach that resonates with the general sensibility 

among informal educators that definitions of informal learning ought to encompass a 

wide range of outcomes (National Research Council, 2009).  Consequently, since the 

early 1980s, researchers in informal science education have published numerous 

quantitative studies based on psychometric instruments designed to measure school-

group children’s attitudes toward science in general (Jarvis & Pell, 2002; Rennie, 

1994), targeted content areas (Dancu, Gutwill, & Sindorf, 2009; Mallon & Bruce, 

1982; Orion, 1993), the relationship between science and society (Finson & Enochs, 

1987; Jarvis & Pell, 2005), and even the field-trip experience itself (Flexer & Borun, 

1984; Orion & Hofstein, 1991, 1994; Wright, 1980).  Findings from these studies have 

been less tepid than their cognitive counterparts, with many researchers reporting that 

field-trip learners show significant and lasting gains in their attitudes toward science 

and science field trips, interest in pursuing science careers, and self-efficacy as science 

learners (Falk & Balling, 1982; Mallon & Bruce, 1982; Orion, 1993; Rennie, 1994).  

Moreover, while comparisons of content learning through classroom or field-trip 

experiences have produced ambivalent results, studies focused on student attitude have 

consistently identified a preference for field-trip learning over the classroom (Falk & 

Balling, 1982; Finson & Enochs, 1987; Flexer & Borun, 1984).   Nevertheless, some 

researchers have bemoaned that attitudinal improvements fade over time, that field-

trip learners may actually exhibit attitudinal decline or exacerbated anxiety, that 
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attitudinal changes are gendered, and that affective gains may be attainable only at the 

expense of scientific content learning (Jarvis & Pell, 2002, 2005; Stronck, 1983). 

While broadly concordant with the general intention of these studies to 

understand how field trips might contribute to disciplinary learning, I also aim to 

respond to what I see as a limiting assumption organizing the majority of quantitative 

and qualitative studies that attempt to trace changes in scientific understanding to 

field-trip experiences.  Specifically, the design, execution, and reporting of the studies 

I have cited here — studies that represent a dominant and decades-long paradigm in 

the field-trip literature — admit a relatively narrow range of learning outcomes 

delineated by a pre-determined content domain that represents the designed intent of 

the exhibition or program.  While this approach may serve to assess the extent to 

which museum exhibitions and programs achieve their central topical aims for school-

group visitors, I suggest that it does little to capture the kinds of spontaneous, 

idiosyncratic, or unpredictable experiences that are at the heart of free-choice learning 

environments.  Indeed, Guberman et al.’s (1999) report on a project to develop a math 

exhibition for youngsters found that children often pursued questions or interests not 

intended by the designer, re-interpreted provided mathematical challenges, or even 

rearranged aspects of the designed environment in unanticipated ways. 

For a more in-depth example related to mathematics, consider an 

Exploratorium-published study by Dancu et al. (2009) that examined field trips to the 

exhibition Geometry Playground.  Geometry Playground was designed with the 

intention of supporting learners’ spatial reasoning skills, defined by the authors as the 
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ability to visualize objects from several points of view, to perform imagined 

transformations of objects in two- and three-dimensional space, and to identify spatial 

relations.  The researchers collected two types of data related to students’ content 

understanding:  (a) a standardized instrument that measured spatial ability through a 

series of yes-no questions asking whether a given two-dimensional figure can be 

rotated to obtain a second figure (see Figure 2.3 for a representative item), and (b) 

open questionnaires that were coded for presence or absence of explicit mention of 

geometry. 

 

Figure 2.3.  Representative item from spatial reasoning test reported by Dancu et al. (2009).  Subjects 
are asked to determine whether the figure on the left can be rotated to obtain any of the figures on the 

right.  This image was obtained from 
drrobinson.com/best%20lessons/Wheatley%20Spatial%20Ability%20Test.pdf. 

 

This approach to data collection and analysis certainly speaks to the potential 

overlap between student understanding and designed intent, or, more narrowly in this 

case, to those aspects of the pedagogical goals of the exhibition that relate to imagined 

rotations of two-dimensional objects and children’s understandings of the category of 

geometry.  While there is value in investigating the degree to which the core topical 

goals of exhibitions are realized for school-group visitors, a quick visual comparison 

of the representative exam item shown above in Figure 2.3 with the photographs of 

some of the Geometry Playground exhibits shown in Figure 2.4, brings into stark 
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relief the wide array of mathematical pursuits that are potentially left unexplored by a 

narrow focus on designed intent. 

 

 

Figure 2.4.  Two exhibits from Geometry Playground.  Stack of Stars (top), comprises a 10-foot-tall, 
climbable structure made of stellated rhombic dodecahedra.  At Drawing in Circles (bottom), the user 
makes a geometric drawing by moving small gears with varying numbers of teeth inside a large gear.  
Photographs taken by author, November, 2011 at the Reuben H. Fleet Science Center in San Diego, 

CA. 
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Based on my own familiarity with this exhibition — including knowledge of 

the design and development process, multiple viewings of some of the evaluation 

video data, and informal field observations of family and school-group visitors to the 

installation at San Diego’s Reuben H. Fleet Science Center in 2011 — there are many 

potential visitor activities at Geometry Playground that are relevant to understanding 

how the exhibition might support mathematics learning but are not captured by 

spatial-reasoning items like the one shown in Figure 2.3, nor by coding schemes for 

explicit geometry references, nor even by a broader focus on spatial reasoning alone.  

For example, at Stack of Stars (Figure 2.4 top), school-group visitors might explore 

the proportional relations between the sculpture and hand-sized, geometrically similar 

polyhedra placed on nearby tabletops; discuss the construction, attributes, or naming 

conventions of polyhedra; or work to determine the number of vertices in the 

sculpture.  At Drawing in Circles (Figure 2.4 bottom), students and teachers might 

engage with the mathematics of number sense in the process of determining how the 

number of teeth in the smaller gear relates to the number of rotations required to return 

to a starting point.  And a tour through the other dozen or so components of the 

exhibition would likely further reveal how learner interactions with the designed 

environment and with one another promiscuously traverse across a wide array of 

mathematical topics not readily contained within the original design focus on spatial 

reasoning, and certainly not by items like the one shown in Figure 2.3. 

Even more marginalized within current discourses about field trips are student 

activities that are relatively less recognizable within received disciplinary boundaries 
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but nonetheless relevant to the participants and potentially worthwhile for researchers 

and educators interested in leveraging the spontaneous, personally meaningful, and 

affectively charged experiences learners may have in these settings.  Imagine, for 

example, high-school seniors lounging on top of Stack of Stars and debating about 

whether a stellated rhombic dodecahedron would make for good furniture in a college 

dorm room, or a middle-school student boasting to a chaperone that she is an expert on 

how to use Drawing in Circles because her dad bought her a Spirograph on her 11th 

birthday.  While the psychometric research on attitudinal changes associated with field 

trips might be considered one attempt to capture learning outcomes that leak outside of 

assumed categories for disciplinary content learning, these studies still pre-determine 

and privilege attitudinal outcomes valued by designers and researchers at the risk of 

missing unanticipated learner experiences.  At best, this approach captures a quantified 

subset of affective learning outcomes.  At worst, it subtly promotes an uncritical 

stance towards science by, for instance, reporting attitudinal improvements in the 

event that children who have gone on a field trip are more likely to agree with 

statements like ‘Science is good for everyone’ and ‘We should spend more money on 

science’ (Jarvis & Pell, 2002). 

Museum environments — and especially US science centers like the one under 

study — are designed to support free-choice learning, meaning visitors are meant to 

have considerable freedom over what interests, questions, or ideas they pursue, how 

they move through the galleries, and the way in which they engage with the exhibits 

(Falk et al., 2001; National Research Council, 2009).  This sentiment is well 
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articulated in a review of research on informal science learning, published by the 

National Research Council (2009): 

Outcomes can be based on the goals and objectives of a program (and 
therefore closely tied to its design), or they can be unplanned and 
unanticipated, developing contingently on the basis of what is most 
valuable to the participant.  In informal settings, outcomes are often 
guided by the learners themselves.  Research can target outcomes that 
emerge in these experiences, not only those that are defined a priori. 
(pp. 76-77) 
 
The potentially unanticipated nature of learning experiences in informal 

settings may be particularly true of Math Moves! because it was intentionally designed 

for open-endedness, understood as the potential for an exhibit to support multiple 

modes of usage and multiple outcomes.  Thus, in order best to understand and 

leverage the full educative potential of school field trips to exhibitions like Math 

Moves! installed in informal learning environments, I took as a departure point the 

need to follow students’ own spontaneous, unanticipated, and dynamically evolving 

ways of interacting in the exhibition.  I set out to follow these interactions regardless 

of how they did or did not dovetail with the topical focus of the exhibition or even 

cultural norms for what does or does not count as mathematical activity (see Chapters 

7 and 8).  The broad framing of Originating Research Question 1 specifically aimed to 

address this research goal. 

2.2.3  Controversy 2:  Long-lived vs. Ephemeral 

Time really is one big continuous cloth, no?  We habitually cut out 
pieces of time to fit us, so we tend to fool ourselves into thinking that 
time is our size, but it really goes on and on. (Murakami, 1989, p. 94) 
 



 

 

38 

A second key debate in the literature on field trips arises out of divergent 

accounts of their durability in learners’ lives, memories, or understandings.  This 

controversy can be seen as a particular instantiation of a larger preoccupation in the 

research on informal learning with the ways in which a seemingly ephemeral 

experience, such as a few minutes spent at a museum exhibit, are, to use Murakami’s 

(1989) imagery, stitched into the larger cloth of learners’ lives.  Researchers often 

articulate this concern with temporality though an argument that begins with the 

perceived failure of short-term assessment strategies to demonstrate reliable content 

learning following a museum visit, and concludes with an injunction for more 

longitudinal research designs (National Research Council, 2009; Rennie & Johnston, 

2004). 

This issue manifests in the field-trip literature as a worry that lukewarm 

cognitive gains following field trips are artifacts of research designs that collect data 

within an inappropriately tight timeframe surrounding the visit (Bamberger & Tal, 

2007; DeWitt & Storksdieck, 2008).  Indeed, many field-trip studies have limited 

themselves to data collection immediately before and after the visit (e.g., Bamberger 

& Tal, 2008; Falk, Martin, & Balling, 1978; Stronck, 1983; Wright, 1980).  Attempts 

to understand school field trips from the perspective of a relatively larger period of 

time than the day or half-day spent in the museum are predominantly based on either 

(a) longitudinal extensions, on the order of months, of quantitative assessments of 

learning outcomes (Falk & Balling, 1982; Jarvis & Pell, 2002, 2005; Miglietta et al., 

2008; Rennie, 1994), or (b) interview-based research on visitor memories of school 
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field trips, with elapsed times since the trip spanning from months (Bamberger & Tal, 

2007; McManus, 1993; Stevenson, 1991) to years (J. Farmer, Knapp, & Benton, 2007; 

Fivush, Hudson, & Nelson, 1984; Wolins, Jensen, & Ulzheimer, 1992) to decades (D. 

Anderson, 2003; Falk, 1988; Falk & Dierking, 1990, 1995, 1997). 

Research falling into the former category has produced conflicting results.  On 

the one hand, some quantitative studies have found that cognitive and affective gains 

following a field trip fade as time elapses between the visit and assessments of 

cognitive or affective learning outcomes (Jarvis & Pell, 2002; Miglietta et al., 2008).  

Conversely, others have found cognitive, and especially affective, gains to be 

relatively lasting (Falk & Balling, 1982; Jarvis & Pell, 2005; Rennie, 1994). 

One finds stronger support for the durability of museum experiences in an oft-

cited collection of studies concluding that memories of field trips as well as other 

casual visits with families or friends are remarkably long-lived, vivid, and detailed, 

even decades after the event occurred (D. Anderson, 2003; Bamberger & Tal, 2007; 

Falk, 1988; Falk & Dierking, 1990, 1995, 1997; J. Farmer et al., 2007; Fivush et al., 

1984; McManus, 1993; Stevenson, 1991; Wolins et al., 1992).  These studies are all 

based on data from written letters from visitors or recall interviews conducted at 

varying elapsed times (from weeks to decades) following a visit.  They have generally 

found that visitor memories are (a) durable, (b) often related to specific subject matter, 

(c) include features of particular exhibits as well as the overall museum environment, 

and (d) frequently incorporate details about the social and affective dimensions of the 

experience.  For example, in a relatively extensive study of memories of school field 
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trips, Falk and Dierking (1997) interviewed 34 9- and 10- year olds, 48 13- and 14- 

year olds, and 46 adults at least 20 years old.  They asked the participants whether 

they could recall an elementary-school field trip, where they went, how old they were, 

what they did, what they remembered, and whether they ever thought about the trip 

again.  The authors found that (a) 96% of all subjects were able to recall a school field 

trip, (b) nearly all recollections included specific details of the experience, (c) 86% of 

individuals who were able to recollect a field trip were in fact able to recollect three or 

more, (d) the frequency and level of detail of participants' recollections did not appear 

to fade with age, and (e) a majority of recollections were related to disciplinary subject 

matter.  Moreover, many participants said they had thought about the field trip at some 

point afterwards, and some gave specific details or an example. 

My own initial tactic for stitching the school-group visit into a broader swath 

of time was inspired by — but critically departed from — the extant museum-

memories literature.  On the one hand, I took learners’ acts of remembering museum 

visits as important loci in which these experiences might be made relevant to the rest 

of their everyday lives.  Moreover, the analytic focus of many of these studies seemed 

to avoid the privileging of designer intent I found in the field-trip literature (see 

Section 2.2.2).  For instance, consider a memory reported by “Jane,” an adult member 

of a family group who had visited a natural-history museum a year prior to being 

interviewed: 
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Matt and I walked through some animal hall — prehistoric animals.  He 
was thrilled, later he took Anne and Jill through it.  I stayed out with 
Nan at that point.  Matt was having an absolute fit about the order in 
which we saw things.  Bob sat down with Nan and me, he was bored.  
Bob asked how long Diplodocus was.  We measured it in ‘Bob feet’ — 
we spent a lot of time at this.  Matt did it too.  Mom went to the 
bathroom.  She came back all excited because the toilet paper was just 
like the stuff they used after the war — that cellophaney toilet paper. 
(Falk & Dierking, 1992, p. 167) 
 
Jane’s reported memory traverses across dimensions of social, affective, and 

subject-matter engagement to such an extent that it calls into question their analytic 

separation in the first place.  In other words, while Jane’s account touches on the kinds 

of experiences that might be the focus of, say, a content exam on dinosaur taxonomy 

and anatomy, it also densely interweaves changing social arrangements; affective 

states that include thrills, fits, and boredom; subject matter from disciplines not 

targeted by the exhibition, such as the mathematics of measurement; and 

perceptuomotor experiences of measuring something with one’s own feet or a familiar 

kinesthetic encounter with the texture of toilet paper. 

While sharing with these studies a focus on memory and unanticipated 

experiences, in this project I aimed to extend and reimagine some of the core 

theoretical assumptions and methodological commitments characteristic of studies on 

museum memories in at least three ways.  First, the studies on memories of field trips 

and other museum visits tend to operate from a mentalistic notion of memory that 

loosely echoes conceptualizations of memory stemming from 20th-century psychology 

and computationalist strands of cognitive science.  Through an analytic, 

methodological, and rhetorical framework centered on individual long-term memory 
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structures and their extraction through interviewing, these studies naturalize the 

assumption that memories are psychological objects located in an interior mental 

realm and possessed by individual minds.  This study aligned more with contemporary 

work in embodied and distributed cognition as well as social psychology that favors an 

analytic focus on remembering, viewed as a process, practice, or activity that is 

embodied, socio-materially situated, and interactively achieved (Barnier & Sutton, 

2008; Hirst & Echterhoff, 2008; Nemirovsky, 2011; Sutton, Harris, Keil, & Barnier, 

2010).  Section 2.4.2 is devoted to this work. 

Second, while extant studies on museum memories are certainly suggestive of 

the long-term memorability of field trips, their heavy reliance on recall interview and 

questionnaire methodologies gives little purchase on the ways in which learners evoke 

museum experiences in practice.  In other words, while interviewees report having 

thought or talked about a field trip sometime subsequent to its occurrence, lacking are 

actual empirical studies of that type of event itself.  The interview studies left me 

curious about the rich details of how field-trip visits are actually remembered in the 

myriad settings and conversations in which learners spend their time.  It seemed to me 

that endogenous interactive acts of remembering field-trips or other museum visits 

likely constitute key sites in which the relevance of a past visit to present activity is 

established by and for the participants.  Studying instances of remembering-in-practice 

might provide an important but less-travelled inroad into addressing a number of 

questions:  For what purposes are events or objects from a museum visit recounted by 

participants in the contexts of present activity?  How are those purposes reflexively 
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produced by and productive of the detailed ways in which participants engage in 

interactive acts of remembering?  For example, how do present activities shape which 

aspects of a past museum experience are made salient and which are ignored?  How do 

participants engage multiple modalities — including speech, gesture, inscription, and 

manipulation of the material environment — in the process of remembering a museum 

experience? 

In a study of a family’s conversational practices for engaging in everyday 

knowledge exploration, Goodwin (2007) reports a nice example of the kind of 

endogenous act of remembering a museum visit that my project explored.  A mother, 

father, and their son and daughter, Wes and Aurora, have just finished praying before 

dinner and are debating the pronunciation of “amen.”  (In the following transcript, 

bold speech indicates emphasis, square brackets speech overlap, numerals in 

parentheses elapsed time in seconds, and parenthetical remarks in italics additional 

researcher remarks): 

Mom: A(hhh)men. 
Wes:  Amen. Ah- Not Ahmen. 
Dad:  You can say Ahmen (0.8) if you want. 
Wes:  Amen.  Ahmen.  [Amen ((singsong)) 
Mom:     [Tutankhamen 
 
(p. 104) 

Mom introduces the subject of Tutankhamen in the context of engaging in 

wordplay on the pronunciation of the word “amen.”  A short while later in the 

conversation, this introduction of Tutankhamen into the interaction leads Mom to tell 

the family that “I saw King Tut in a museum” (p. 105).  Thus, in this instance, 
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remembering a museum visit spontaneously arises in the context of vocabulary 

exploration through wordplay and, in turn, refocuses the conversation to topics related 

to ancient Egypt and mummification.  After Mom announces having seen King Tut in 

a museum, Wes further focuses the conversation on King Tut’s body, its possibilities 

for movement, and its anatomical alignment: 

Wes: Was it- moving? 
Mom: He winked at me. 
 
…((some transcript omitted for brevity)) 
 
Wes: Really? 
(0.8) 
Mom: No::: 
Aurora:  MM::::::!!!! 
Dad: Uh huh hnh hnh! 
 
…((some transcript omitted)) 
 
Wes: What did he do. 
Aurora:  Like he would go- ((winks)) 
 Mmmmmm! 
Mom:  He just laid there. 
Dad:  Like this ((crosses hands in front of him)) 
 
(p. 105) 

Several aspects of this exchange highlight the kinds of nuances my project 

explored by studying remembering in practice.  First, the social organization of the 

overall activity in which participants are engaged is consequential for the possibilities 

for and constraints on what is remembered and how.  For instance, the playful tenor of 

the overall activity of informal dinnertime knowledge exploration creates a space for 

imaginative and humorous transformations of the remembered event that manifest, in 

this case, as a contested and laughable claim about a winking mummy.  Second, 
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aspects of remembered scenes emerge sequentially in interaction, as participants 

respond to and build on prior contributions; for example, Mom’s humorous assertion 

about a winking mummy directly responds to Wes’ query about whether King Tut was 

moving.  Because of this, remembered events are interactively revised and elaborated 

as members request more information or express doubts about the accounts of their co-

participants.  Third, collaborative acts of remembering are multimodal, involving, in 

this case, the use of the whole body as a proxy for the mummified King Tut.  As Dad 

builds on Wes’, Aurora’s, and Mom’s accounts of what King Tut was “doing,” he uses 

members of his own body to re-member the resting position of the mummified 

Egyptian king.  Fourth, the image of the winking mummy suggests how everyday 

instances of remembering in practice are not reducible to mere conversational 

retellings of the past.  Instead, echoing Bartlett’s (1932) famous experimental studies 

demonstrating the transformative nature of human memory, they are imbued with 

imaginative or hypothetical alterations, revisions, amendments, or deletions.  This is 

further illustrated a little later in the conversation: 
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Wes: Can you move his head? 
 
…((some transcript omitted)) 
 
Dad: You could punch right through his whole skull.  Gung!! 

((demonstrating a punch)) But- it’s against the law because he’s 
a museum piece. 

Mom: They’d probably take you to jail. 
 
…((some transcript omitted)) 
 
Wes:  What if you take the- the bandage off. 
Dad:  He’d fall apart. 
 
(p. 106) 
 
Here, the family members explore hypothetical (and illegal) ways of 

interacting with King Tut, providing them with occasion to talk both about the 

material makeup and integrity of mummies as well as institutional norms for 

interacting with objects in the museum.  Finally, Goodwin’s (2007) account of the 

interaction concludes when the father goes to download a picture of King Tut in 

response to Wes’ further questioning about the appearance of Tut’s body, an event that 

foregrounds how everyday practices of remembering may be mediated by cultural 

artifacts. 

Although this example pertains to a family dinner conversation, I sought to 

explore similar phenomena in the context of classroom field trips.  In fact, while 

waiting for families to discuss spontaneously a past museum visit might be a bit 

quixotic, classroom follow-up activities that are explicitly devoted to revisiting and 

building on a field-trip visit to a museum have the potential to be a fruitful site for 

examining endogenous instances of remembering museum visits.  In the context of 
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classroom follow-up, I asked:  How does the overall organization of the follow-up 

activity shape the possibilities for how museum experiences are remembered?  

Conversely, how might instances of remembering reconfigure what the classroom 

activity is about for participants in the first place?  How are events and objects in the 

museum evoked, elaborated, or transformed over the sequential unfolding of learners’ 

interactions?  How do teachers and students engage their bodies and the material 

environment to remember aspects of the visit?  Originating Research Question 2 

aimed to address these types of inquiries. 

A final way in which my project aimed to extend the existing literature on 

museum memories was motivated by the idea that the manner in which a field-trip 

visit to a museum is stitched into the rest of learners’ lives depends not only on how it 

is remembered and imagined in retrospect, but also on how it is evoked in advance.  

Because of this, Originating Research Question 2 was oriented both to instances of 

remembering and imagining during classroom follow-up and of imagining events and 

objects in the museum during classroom preparation.  As I will discuss later, a similar 

movement to re-conceptualize imagination along embodied, situated, and distributed 

lines runs parallel to the contemporary theoretical reformulations of memory to which 

I have already alluded (Alby & Zucchermaglio, 2007, 2008; Hutchins, 2010; Murphy, 

2004, 2005; Nemirovsky & Ferrara, 2009).  In practice, I had little need to make an 

analytic distinction between imagining and remembering as I interpreted the data 

because the two were so intimately intertwined.  In particular, remembering exhibits 

often involved imaginative transformations of their use, and many of the analyses 
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shared in Chapters 4-8 attest to that.  For that reason, the analyses in Chapters 4-8 

typically treat these processes together. 

2.3  Ratio and Proportion 

As I described in Section 2.2, I took an approach in this project that values and 

attends to the various unanticipated ways in which field-trip learners engage with, 

imagine, and remember mathematics exhibitions.  At the same time, I worked to 

maintain an intellectual dialogue with relevant existing literature in mathematics 

education.  Ultimately the analyses in Chapters 4-8 took me to eclectic literature on 

both anticipated (i.e., ratio and proportion) and unanticipated (e.g., measurement) 

mathematical ideas.  They even led me to question the coherence of the boundaries 

normatively inscribed around the category of mathematics (see Chapters 7 and 8).  

Nonetheless, I took as a starting point the mathematics-education literature on ratio 

and proportion because these comprise the topical focus of Math Moves! and because 

the teachers with whom I worked had an explicit agenda to involve their students with 

the mathematics of ratio and proportion.  In an effort to keep open the process — or 

history — of this project, I have kept a review of this literature in this manuscript to 

provide a sense of some of the ideas that informed my work at its outset. 

Ratio and proportion are key topics in school mathematics that build on and tie 

together many aspects of elementary-level mathematics while providing part of the 

foundation for algebra and other higher-level content areas (Lesh, Post, & Behr, 1988; 

Lobato & Ellis, 2010).  The importance of these topics to mathematics education is 

evidenced by an early and persistent interest in the research literature in how children 
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learn about ratio, proportion, and related topics such as multiplication and division, 

rational number, and linear functions (e.g., Inhelder & Piaget, 1958; Lamon, 2007; 

Winch, 1913).  In addition, ratio and proportion are often described as being among 

the most developmentally protracted aspects of mathematics learning.  This quality is, 

in part, suggested by the fact that many adults — including in-service and pre-service 

teachers — struggle with the same ideas as do children (Simon & Blume, 1994; 

Thompson & Thompson, 1994).  In what follows I provide a brief overview of how 

researchers have investigated learners’ understandings of ratio and proportion, 

beginning with an historical synopsis of research in this area, and then continuing to 

recent empirical and theoretical work aiming to characterize the conceptual bases for 

understanding ratio and proportion. 

In order to ground this review in the materials of Math Moves!, I illustrate 

various aspects of this review with an exhibit called Shadow Fractions (see Figure 

2.5). 
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Figure 2.5.  Students at Shadow Fractions.  Still image from video data for this project. 
 

Shadow Fractions is composed of a tabletop horizontal grid, a vertical grid, 

and an LED light mounted at the base of the horizontal grid and across from the 

vertical grid.  Visitors to Shadow Fractions can place varyingly scaled plastic objects 

on the horizontal grid to create shadows on the vertical grid.  Many of the plastic 

objects come in 2”-, 4”-, and 8”-high copies, and visitors can, among other things, 

experiment with how the size of a shadow on the vertical grid is affected by (a) the 

object’s size and (b) the object’s distance from the light source.  Inhelder and Piaget 

(1958) studied children’s proportional reasoning about shadow projection in the 

context of a similar physical arrangement.  Many of the ideas I will discuss in this 

review — such as the developmental transitions from univariate to bivariate and from 

additive to multiplicative reasoning — are informed and anticipated by this work. 



 

 

51 

2.3.1  Research on Ratio and Proportion:  An Historical Overview 

Researchers have been studying children’s skills and understandings related to 

ratio and proportion for about a century (Winch, 1913) and these topics were a major 

focus of Piaget’s research in the middle of the 20th century (Inhelder & Piaget, 1958).  

Beginning in the 1970s, both mathematics- and science-education researchers became 

more active in this area in part in response to a large international study demonstrating 

poor performance on ratio and proportion tasks (Comber & Keeves, 1973; see also 

Lamon, 2007).  Many research studies published in the 1970s and early 1980s — 

along with scores of traditional mathematics texts — characterize the domain of ratio 

and proportion in terms of two familiar problem types: missing-value and comparison 

tasks.   In the context of Shadow Fractions, a missing-value task might look something 

like the following: 

An 8”-tall house is placed 12” away from the light source and casts a 

shadow of 10”.  How far away should you place a 4”-tall house from the light 

source in order to cast an identical-length shadow? 

A comparison task might look like: 

Which will cast a taller shadow?  An 8”-tall house placed 12” away 

from the light source or a 4”-tall house placed 2” from the light source? 

During the 1970s and 1980s, researchers investigated children’s approaches to 

a variety of comparison and missing-value tasks and identified a litany of factors 

influencing children’s strategies and success, including the specific problem contexts 

involved, whether the relevant quantities are discrete or continuous, and the particular 
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numbers presented by the task (e.g., Karplus, Karplus, Formisano, & Paulsen, 1977; 

Karplus, Pulos, & Stage, 1983; Tourniaire & Pulos, 1985). 

Beginning in the 1980s and continuing into present day, researchers began to 

contribute to a broader view of the domain of ratio and proportion that goes beyond 

the traditional duo of missing-value and comparison tasks.  First, some researchers 

engaged in formal-semantic analyses of relevant mathematical constructs — especially 

rational numbers (Behr, Harel, Post, & Lesh, 1992, 1993) and the mathematics of 

quantity (Schwartz, 1988) — to bring to light previously under-recognized nuances in 

mathematical content as it is understood from a disciplinary perspective.  Second, 

clinical interviews conducted in a neo-Piagetian tradition aimed to unearth the 

intricacies of children’s developing understandings of ratio, proportion, and related 

domains (e.g., Harel, Behr, Lesh, & Post, 1994; Lamon, 1993a, 1993b, 1996).  Finally, 

more recently, researchers have been conducting both short-term and longitudinal 

design experiments to develop theories about how mathematics instruction might 

productively support children’s development of conceptually rich and sophisticated 

understandings of ratio, proportion, and related domains such as linear functions (e.g., 

Lo & Watanabe, 1997; Lobato & Thanheiser, 2002; Mack, 1990).  The following 

discussion of ratio and proportion is particularly informed by these latter two lines of 

inquiry, those based on clinical interviews and design experiments. 

2.3.2  Understanding Ratio 

While a ratio is often simply described as a comparison between two quantities 

or objects — indeed, the Math Moves! educator guide does exactly this — 
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mathematics-education researchers stress that this definition underspecifies the kind of 

comparison being made and instead frequently define ratio in one of two ways.  First, 

many researchers define ratio as a multiplicative comparison between two quantities, 

that is, a comparison based on how many times larger or smaller one quantity is than 

another (Lobato & Ellis, 2010; Thompson, 1994).   For example, one might form a 

ratio by considering the 8” house to be 4 times taller than the 2” house.  This is often 

contrasted with an additive comparison that is based on mathematical differences, 

such as the observation that the 8” house is 6” taller than the 2” house.  Researchers 

have found that the shift from additive to multiplicative comparisons is an essential 

and often challenging component of the development of understandings of ratio and 

proportion (F. B. Clark & Kamii, 1996). 

A second way some researchers conceive of ratio is as the outcome of 

composing two quantities that have been joined or linked together to form a single unit 

(Lobato & Ellis, 2010).  For example, a visitor might understand an 8” house placed 

12” away from the light in terms of a ratio by conceptually joining together 8 vertical 

inches and 12 horizontal inches.  This second conceptualization of ratio is sometimes 

considered less sophisticated than — or foundational to — an understanding of ratio as 

a multiplicative comparison, and relatively more advanced understandings include 

being able to relate these two conceptualizations of ratio (Lamon, 2007; Lesh et al., 

1988; Lobato & Ellis, 2010). 

Both of these conceptualizations of ratio rely on (at least) two major abilities 

that researchers identify as essential to developing understandings in this domain.  
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First, reasoning about ratios — either as multiplicative comparisons or composed units 

— requires paying attention to two quantities simultaneously.  Researchers highlight 

this as a fundamental — but often implicit — aspect of early reasoning about ratio 

(Lobato & Ellis, 2010; Lobato & Thanheiser, 2002).  In the case of Shadow Fractions, 

this might include attending to the heights of two different plastic houses at once or to 

both the height of a plastic house and its distance from the light source.  Additionally, 

a visitor might explore how each of these two quantities affects the height of the 

shadow cast on the vertical grid, by, say, noticing that larger objects and shorter 

distances from the light source cast larger shadows. 

Second, forming a ratio entails the construction of new unit wholes by 

mentally regrouping, decomposing, or nesting quantities, a process researchers call 

unitizing (Lamon, 1994, 1996).  For example, the height of an 8” house could be 

construed as 8 1” units, 4 2” units, 2 4” units, and so on and it is, in part, this 

understanding that underlies the ability to compare an 8” house and a 2” house 

multiplicatively.  A ratio formed by joining two quantities also entails viewing two 

composed entities as a new whole.  The ability to form and reason with increasingly 

complex systems of units is thought to underlie mathematical development in a variety 

of arenas, including whole-number arithmetic (Steffe, 1988; Steffe & Cobb, 1988), 

quantity (Lamon, 1996), rational number (Lamon, 2007), ratio, and proportion 

(Lamon, 1993a, 1993b, 1994). 

Ratios can be represented in a variety of ways, including the verbal 

representation “8 to 12,” the conventional notation “8:12,” and the fractional notation 
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“8/12.”  In part due to the latter notational convention, the relationship between ratios 

and fractions often receives ambiguous treatment by teachers and textbooks.  This has 

prompted some mathematics-education researchers to advocate for understanding 

ratios and fractions as overlapping but non-equivalent sets (M. R. Clark, Berenson, & 

Cavey, 2003; Lamon, 2007; Lobato & Ellis, 2010).  First, people often use ratios — 

but not fractions — to make part-part comparisons, and ratios can involve 

multiplicative comparisons of more than two quantities.  Second, there are many 

construals of fractions that do not correspond to ratio interpretations, such as viewing 

fractions as points on a number line or as operators that enlarge or diminish the size or 

amount of something.  Finally, both ratios and fractions can arise out of part-whole 

comparisons and, moreover, many ratios can be re-construed as fractions in a 

meaningful way (Lobato & Ellis, 2010).  M. R. Clark et al. (2003) argue that 

understanding how ratios and fractions are related but different is important for both 

educators and students because a learner might otherwise simply write a ratio as a 

fraction and then operate on it using learned numerical algorithms that may or may not 

make sense in a given problem context. 

2.3.3  Understanding Proportion 

A proportion is often described as a relationship in which two ratios are 

understood as being equal to one another (Lamon, 2007; Lobato & Ellis, 2010).  As a 

relationship between ratios that are themselves composed of two quantities that have 

been multiplicatively compared or joined together, a proportion is sometimes 

characterized as a second-order relation (Lesh et al., 1988).  For example, in Shadow 
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Fractions, it is possible to make the same shadow using different combinations of the 

size of plastic object used and the distance it is placed from the light source.  Thus, an 

8” house placed 12” away from the light source will cast a shadow identical to a 2” 

house placed 3” away from the light source.  In other words, researchers might say a 

visitor has formed a proportion by conceiving of the composed unit “8 vertical inches 

and 12 horizontal inches” as somehow equivalent to “2 vertical inches and 3 

horizontal inches.”  In this case, that equivalence is manifest in the identical shadows 

cast in each of the two scenarios described by the equal ratios. 

Forming a proportion that equates “8 vertical inches:12 horizontal inches” with 

“2 vertical inches:3 horizontal inches” is an instance of understanding ratio 

invariance, the idea that a ratio can remain constant while its constituent quantities 

vary in a coordinated way that maintains their multiplicative relationship (Harel et al., 

1994; Lobato & Ellis, 2010).  Harel et al. (1994) note that understanding invariance in 

problem scenarios as well as their mathematical representations is an essential, but 

developmentally non-trivial, aspect of children’s evolving understandings of ratios and 

proportional relations among them. 

Returning to our imaginary visitor who has conceived of the equivalence 

between “8 vertical inches and 12 horizontal inches” and “2 vertical inches and 3 

horizontal inches,” we might now imagine the visitor iterating and partitioning one of 

these ratios in order to form additional equivalent ratios (e.g., Lamon, 1993a, 1996, 

2007; Lobato & Ellis, 2010).  The visitor might, say, iterate — or replicate — the ratio 

“2:3” to find an equivalent ratio of “4:6” corresponding to placing the 4”-tall house a 
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distance of 6” from the light source.  She might also partition — or subdivide — the 

ratio “2:3” to obtain an equivalent unit ratio of “1:1.5” and conclude that, if a 1”-tall 

house were available, it would need to be placed 1.5 inches from the light source in 

order to keep the shadow image unchanged.  At levels of reasoning considered more 

advanced, she might form another equivalent ratio of, say, 16:24 and view this as 

constituted by four groups of 4:6, two groups of 8:12, 16 groups of 1:1.5, and so on.  

Eventually this might lead to a more general understanding that any ratio representing 

a distance from the light source that is 1.5 times the height of the plastic house will 

produce the same shadow on the vertical grid.  At this point, the learner might 

conceive of an infinite set of equivalent ratios corresponding to arrangements with 

Shadow Fractions that produce an identical shadow on the vertical grid. 

Lobato and Ellis (2010) call this infinite collection of equivalent ratios a rate 

and show that this conceptualization of rate can provide an important developmental 

link between understandings of proportionality and functional linearity.  Thompson 

(1994) argues for a related notion of rate when he defines rate as the result of 

reflectively abstracting a constant ratio so that the multiplicative comparison itself is 

given prominence over any particular instantiation of that multiplicative comparison in 

terms of specific or fixed quantities.  These may strike the reader as rather non-

traditional construals of rate and are evidence of the fact that over the past several 

decades, researchers have significantly re-conceptualized the notion of rate and its 

relationship to ratio (Lamon, 2007).  For example, some relatively early 

conceptualizations cast ratio and rate as comparisons of like (e.g. inches:inches) and 
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unlike (e.g. miles:gallon) quantities, respectively (e.g. Lesh et al., 1988), while other 

researchers understood rate even more narrowly as a comparison for which one of the 

constituent quantities is time (e.g. feet:second) (e.g., Ohlsson, 1988).  The notions of 

rate forwarded by Lobato and Ellis (2010) and Thompson (1994) accord with a move 

toward locating the distinction between ratio and rate not in features of the problem 

scenario — such as whether time is a relevant quantity — but rather in learners’ 

interpretations of and reasoning about quantities in problem scenarios.  From this 

perspective, rate is not a special instance of a ratio but rather emerges out of a 

learner’s developing understanding of proportionality. 

2.4  Embodied Interaction and Experience 

My own ongoing scholarship in the field of embodied cognition informs this 

ethnographic project in multiple ways — including (a) the framing of the research 

questions, (b) the interpretive approach I use to address them, and (c) both the design 

and message (see Chapter 7) of Math Moves!.  Here I give a brief overview of 

embodied cognition, including aspects of this intellectual movement that most directly 

inform this project.  I then elaborate on how these elements of embodied cognition 

shape the way I construe this project’s originating research questions.  Chapter 3 takes 

up how my data-analysis practices reflected the perspective on embodied cognition I 

articulate here, particularly in my discussion of multimodal interaction analysis (see 

Section 3.4.3).  Finally, while I discuss below how embodied mathematical cognition 

both undergirds the exhibition’s design and constitutes part of its intended message, I 
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return to these issues in Chapter 7 because they emerged as particularly relevant 

during my analyses of the data. 

Embodied cognition is a multidisciplinary intellectual movement loosely 

organized around the project of reinstating the body within accounts of human 

thinking, learning, and experience (A. Clark, 2008; Hall & Nemirovsky, 2012; 

Stevens, 2011; Varela, Thompson, & Rosch, 1999; Wilson, 2002).  This project is 

often described as an attempt to overcome, revise, complicate, or eradicate mind-body 

— or Cartesian — dualism.  Cartesian dualism is the theoretical bifurcation between 

mind and body that is traceable to Descartes (1637) when he wrote, for instance, “the 

mind by which I am what I am, is wholly distinct from the body” (Part IV, para. 2).  

As A. Clark (2001) explains, Cartesian dualism galvanized centuries of philosophical 

debate about the relationship between mind and body and has ramified through 20th-

century and contemporary psychology, cognitive science, and philosophy of mind.  

The tendency to deny the body’s participation in the intellect — or, more strongly, to 

assert that it somehow hinders or distracts from abstract thought (e.g., Stevens, 2011) 

— also tacitly organizes the infrastructure of formal schooling, in particular through 

regimes of control that seek to monitor and quiet students’ bodies (e.g., Nespor, 1997). 

In the context of mathematical cognition, overcoming Cartesian dualism is 

considered particularly theoretically disruptive because there is a longstanding and 

entrenched cultural-philosophical tradition that casts mathematics as transcendent to 

body-based, worldly experience (Hall & Nemirovsky, 2012; Lakoff & Núñez, 2000; 

Stevens, 2011).  Although this ancient trope can be followed back at least to Plato, it 
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received especially pithy expression when the mathematician, G. H. Hardy (1940), 

declared, “‘2’ or ‘317’ has nothing to do with sensation” (p. 130).  While my own 

theoretical commitments are motivated by the counter-conjecture that ‘2’ and ‘317’ 

have everything, in fact, to do with the perceptuomotor endowments of the body, the 

design and accompanying texts of many recently developed mathematics exhibitions 

also articulate a kind of counter-epistemology to longstanding assumptions about the 

transcendental, incorporeal nature of mathematics.  For example, the entrance graphics 

to Geometry Playground include (a) a quote from Jean Pedersen that reads, “Geometry 

is a skill of the eyes and the hands as well as of the mind,” (b) a quote from Hans 

Freudenthal that says, “Geometry is grasping space…that space in which the child 

lives, breathes, and moves,” and (c) introductory text that informs the visitor, “Here 

you'll play with shapes and spaces.  And while you're using your body, you'll also be 

using your mind.”  Math Moves! can also be seen as a multimodal text aiming to 

reestablish the relevance of bodily experience to mathematical activity, a subject I 

explore in detail through the interpretive findings in Chapters 7 and 8. 

Aside from a general orientation against mind-body dualism, contemporary 

theories of embodied cognition are far from constituting a unified paradigm (e.g., 

Wilson, 2002).  Recent decades have witnessed a proliferation of theoretical 

frameworks that include diverse attempts to restore the body to the science and 

philosophy of mind, including ecological psychology (Gibson, 1979), dynamical 

systems theory (Spivey, 2007), enactivism (Noë, 2004; Varela et al., 1999), grounded 

cognition (Barsalou, 1999, 2008), extended cognition (A. Clark, 2008), distributed 
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cognition (Hutchins, 1995, 2010), and sometimes simply labeled embodied cognition 

(Lakoff & Núñez, 2000). 

At some risk of oversimplifying this theoretical landscape, Stevens (2011) 

recently described the uptake of embodied cognition within mathematics education in 

terms of two major variants.  The first approach — what he calls the conceptualist 

approach — is rooted in cognitive linguistics and, in particular, theories of conceptual 

metaphor and conceptual blending (e.g., Fauconnier & Turner, 2002; Lakoff & Núñez, 

2000; Núñez, 2005).  From this perspective, mathematical concepts are embodied by 

dint of their metaphorical grounding in everyday sensorimotor experience (Lakoff & 

Núñez, 2000).  Conceptualist perspectives on embodiment that rely on notions of 

grounding are widespread in both mathematics education and cognitive science more 

broadly (Barsalou, 2008). 

My ethnography of school field trips is relatively more influenced by a second 

understanding of embodiment that Stevens (2011) terms an interactionist perspective.  

Embodied-interactionist approaches to mathematical cognition are less unified and 

codified than are their cognitive-linguistic counterparts.  My own interpretation of this 

perspective begins by observing that the notion that thought and experience are 

constituted by — not merely grounded in or sandwiched between — action and 

perception leads to serious doubts about the assumed interiority of thought and 

attendant distinctions among action, cognition, and communication (for a sympathetic 

view see, e.g., Alac̆ & Hutchins, 2004).  Nemirovsky and Ferrara (2009) similarly 

argue in favor of replacing the Cartesian distinction between thought and bodily action 
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as a difference in kind with a focus on multimodal utterances exhibiting varying 

degrees of covert or overt expression during a given interaction.  Embodied 

interactionist approaches in the field of mathematics education locate and investigate 

various phenomena related to mathematical cognition — including learning (Stevens, 

2010), perceiving (Noble, Nemirovsky, Dimattia, & Wright, 2004; Stevens & Hall, 

1998), representing (Hall, 1996), remembering (Nemirovsky, 2011), generalizing 

(Jurow, 2004; Radford, Bardini, & Sabena, 2007), modeling (Jurow, Hall, & Ma, 

2008), imagining (Nemirovsky & Ferrara, 2009; Nemirovsky et al., 2012), and using 

tools and symbols (Nemirovsky et al., 2013; Noble, DiMattia, Nemirovsky, & Barros, 

2006) — in the inter-elaboration of talk and action among persons and artifacts in a 

cultural-material world.  This latter focus on embodied tool use emerged as especially 

valuable to the present study because of the insights it affords into student learning in 

the technology-rich environment of Math Moves!  I take this up further in Section 

2.4.1. 

Thus, the perspective on embodiment taken in this study emphasizes how the 

multiple and semiotically intertwined expressive modalities of the body — including 

talk, gesture, postural shifts, eye gaze, inscription, and physical actions in and on the 

material environment — provide a resource for collective practices of sense-making in 

situ.  At the same time, close inspection of student interactions with Math Moves! 

exhibits has prompted me to view this attention to collective, multimodal sense-

making as, simultaneously, a practice of working to understand participants’ lived 

experience.  Inspired by work in and surrounding the continental-philosophical 
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tradition (Gallagher & Zahavi, 2008; Heidegger, 1962/1927; Husserl, 2005), this 

aspect of this project’s approach to embodiment highlights the felt experience of 

participants in terms of sensations, movements, and affects.  While an interactionist 

approach attends to the pragmatics and semiotic valences of multimodal activity, the 

experiential aspect of my approach to embodiment adds to this a concern for what 

interactants feel or undergo in terms of body-based perception, action, imagination, 

and affect (e.g., Nemirovsky, 2011; Nemirovsky et al., 2012, 2013).  In summary, by 

putting embodied-interactionist and experiential approaches together, I sympathize 

with Streeck (2013) by working to understand embodiment holistically, both in terms 

of visible, multimodal conduct, and as a matter of lived, multisensory experience1. 

In this study, I use this holistic perspective on embodiment to conceptualize the 

three major phenomena targeted by my originating research questions: exhibit 

engagement, remembering, and imagining.  In Sections 2.4.1 and 2.4.2, I review 

synergistic developments in diverse disciplines that together motivate this 

conceptualization. 

2.4.1  Visitor Engagement in Museums:  Toward an Embodied Perspective 

This project’s first originating research question asks about the nature of 

student engagement with the exhibits from Math Moves! in the context of a school 

                                                

1Where I may have departed from Streeck (2013) is his apparent assumption that the 
multisensory experience of the living body is somehow less available to rigorous empirical scrutiny 
than is multimodal conduct.  Instead, I am persuaded by contemporary philosophers, who have argued, 
roughly, that the embodiment of experience entails that 1st- and 3rd-person perspectives on subjective 
experience are different in kind rather than degree (e.g., Overgaard, 2007; Zahavi, 2008).  While this 
philosophical debate is beyond the scope of this dissertation, it nevertheless carries enough theoretical 
and methodological consequence to deserve mention. 
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field trip.  In this section, I give an overview of some major ways in which museum 

researchers and evaluators conceptualize and study visitor engagement with museum 

exhibitions.  I begin with early, relatively coarse-grained studies of visitor behavior in 

museums.  I continue with studies aligned with the approach to embodied cognition 

that guides how I thought about student engagement with Math Moves! in this project.  

Finally, because it shaped much of my thinking throughout this project, I detail an 

emergent perspective on embodied tool use that I helped develop over the course of 

my work with interactive mathematics exhibits (Nemirovsky et al., 2013). 

2.4.1.1  Timing and tracking visitor behavior in museums.  While 

researchers have been conducting systematic observations of visitor behavior in 

museums for over a century, the 1980s marked a dramatic increase in published 

studies on this topic (see Yalowitz & Bronnenkant, 2009 for a review).  A major and 

persistent tradition within this research area is to conduct what is called, in the field of 

visitor studies, a timing-and-tracking study.  Timing-and-tracking studies follow 

global visitor behavior in museum settings, including the pathways they take through 

the space; how long they spend in a given gallery or with a particular exhibit; and 

some finer-grained behavior, such as whether and for how long they appear to read 

accompanying texts or labels or interact physically with an exhibit (Yalowitz & 

Bronnenkant, 2009). 

Timing-and-tracking studies have provided researchers on visitor conduct and 

museum-based learning a broad understanding of how different visitor groups engage 

with whole exhibitions.  These studies typically draw conclusions independent of the 
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particular design or content of the exhibition.  For example, researchers using these 

methods have identified typical behavioral patterns associated with first-time or 

infrequent visitors, frequent visitors, and visitors in organized groups such as field 

trips (Falk & Dierking, 1992).  Occasional or first-time visitors tend to begin a visit 

with 3 to 10 minutes spent orienting to the layout of the museum; proceed to a 15 to 

45 minute period of intensive looking in which they select and concentrate on 

individual exhibits for several minutes each; continue to a 20-to-45 minute cruising 

phase in which they examine a relatively large number of exhibits in a more cursory 

and short-term way; then take 3 to 10 minutes getting ready to leave the exhibition.  

Frequent visitors, on the other hand, spend most of their time engaged in intensive 

looking.  Finally, while the global behavior of organized groups such as field-trip 

visitors is highly dependent on the structure of the visit (i.e. whether the tour is guided 

or centered around the completion of structured worksheets), it tends to follow a two-

stage pattern that begins with a long period of sometimes-guided intensive looking, 

followed by a brief, unstructured cruising period. 

2.4.1.2  Visitor conversations.  While timing-and-tracking studies have given 

the field a global understanding of visitor behavior in museums and galleries, they 

provide little information about visitor engagement with particular exhibits or specific 

content.  More recently, some studies aim to provide a finer-grained understanding of 

exhibit- and content-specific engagement through the analysis of the form and content 

of visitor talk at particular exhibitions or exhibit components.  Studies of visitor 

conversations have examined, inter alia, how family visitors to science exhibitions 
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engage in collaborative inquiry about biology (Ash, 2003); the nature of parent-child 

conversations and how these both mediate and depend on children’s level of expertise 

with the exhibition content (Callanan, Jipson, & Soennichsen, 2002; Crowley & 

Jacobs, 2002; Melber, 2007; Palmquist & Crowley, 2007); and the consequences of 

exhibit design for the content and interactional framing of visitor talk (Atkins, Velez, 

Goudy, & Dunbar, 2008; Melber, 2007; Szechter & Carey, 2009). 

While the majority of visitor-conversation studies have been conducted with 

family or casual visitor groups, a few studies have examined talk in the context of 

school science field trips (DeWitt & Hohenstein, 2010a, 2010b; Tunnicliffe, 2008).  

For example, Dewitt and Hohenstein (2010b) compared teacher-student discourse in 

the classroom and in the museum for several elementary schools and one secondary 

school during a field-trip visit to a science museum.  Using discourse-analytic 

methods, they coded teacher-student talk according to whether or not it exhibited a 

triadic sequence consisting of a teacher’s question, a student response, and a teacher 

evaluation or follow-up (see Mehan, 1979 for one of the most cited examples of triadic 

talk).  The researchers found that discourse in the museum was less frequently triadic 

than it was in the classroom, and concluded that one mechanism by which school 

visits to museums might support learning is that these excursions provide students 

with the opportunity to experience greater authority with respect to scientific content.  

In a related study comparing student-student talk in the museum and in the classroom, 

DeWitt and Hohenstein (2010a) found that children are cognitively and affectively 

engaged with scientific content during museum visits in ways that are reflected in the 
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details of their talk but that might be missed by the kinds of outcomes-based 

assessments critiqued in Section 2.2. 

2.4.1.3  Visitor engagement as embodied interaction and experience.  The 

approach to investigating engagement with museum exhibitions I took in this study 

includes school-group visitor conversations but expands the unit of analysis to include 

additional communicative modalities — such as gesture, eye gaze, and postural 

adjustment.  It also includes a greater attention to the role of the material environment 

in the moment-to-moment unfolding of visitor interactions, especially the details of 

physical interactions with Math Moves! exhibits alone or in concert with others.  Just 

as some mathematics-education researchers are putting a spotlight on the embodied-

interactive dimensions of mathematical thinking and learning, researchers in visitor 

studies and informal-science education are beginning to call for increased attention to 

the microgenetic details of how visitor experiences are constituted through multimodal 

interactions among visitors and with exhibits (e.g., Heath & vom Lehn, 2004; Heath, 

vom Lehn, & Osborne, 2005; Rahm, 2004; vom Lehn, 2006; Zimmerman, Perin, & 

Bell, 2010).  For example, vom Lehn (2006) expresses surprise that, despite decades 

of timing-and-tracking studies that follow where visitors go in museums and how long 

they spend there, visitor-studies researchers understand very few details about the 

point of experience, that is, the fine-grained details of what it is that visitors actually 

do and say at or around the face of an exhibit.  Moreover, despite a burgeoning interest 

in the social dimensions of visitor experiences, some researchers worry that an 

entrenched verbal bias has led the set of studies on visitor conversations (Section 
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2.4.1.2) to lose sight of how visitor talk is embedded in bodily interaction and the 

material environment (Rahm, 2004).  The need for greater attention to the embodied, 

material, and social-interactive aspects of visitor experiences is particularly pressing in 

light of the upswing in exhibits — like those in Math Moves! — that are intentionally 

designed to engage visitors’ bodies, provide materials-rich experiences, and promote 

multi-party collaboration. 

In the past decade a number of researchers from a variety of disciplines have 

begun to address these gaps through microanalyses of how visitors experience, view, 

interpret, and make sense of museum exhibitions through multimodal interaction (e.g., 

Heath & vom Lehn, 2004; Heath et al., 2005; Rahm, 2004; vom Lehn, 2006; 

Zimmerman et al., 2010).  For example, a series of ethnographic field studies 

conducted in UK museums, art galleries, and science museums apply techniques from 

ethnomethodology and conversation analysis to investigate the social organization of 

visitor conduct (Heath & vom Lehn, 2004; Heath et al., 2005; vom Lehn, 2006; vom 

Lehn, Heath, & Hindmarsh, 2001).  Analyses of the contingent sequential unfolding of 

multimodal interaction in these settings show that the way in which visitors select, 

approach, and view museum exhibits both responds to and shapes the bodily actions of 

companions and strangers alike.  This intimate care for the nuanced actions of social 

others is manifest, for example, in the myriad ways in which people avoid or 

apologize for interrupting one another’s lines of sight to paintings in an art gallery.  

Moreover, visitors employ talk and gesture to shape how others understand or interpret 
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exhibits, by, say, pointing to highlight features of a work of art or using iconic gesture 

to animate static elements of a science exhibit. 

A handful of researchers on informal science learning have also begun to adopt 

multimodal interaction as a unit of analysis in order better to understand the social, 

material, and bodily organization of learning, doing, and developing interest in 

science.  For example, Zimmerman et al. (2010) analyzed interactions in video field 

recordings of family visits to a science center to show how parents use talk and gesture 

to prolong children’s interest in and engagement with science content.  Rahm (2004) 

reports an episode in which youth and a museum guide at an atmospheric research 

center debated about why the sky is blue.  Through a microanalysis that attends to 

speech, body position, physical manipulations of the exhibit, gesture, and gaze, the 

author foregrounds both the multimodality of sense-making in science exhibitions and 

the need for research that is able to understand such moments as part of larger, 

incremental, cross-institutional learning trajectories, two principles that are at the heart 

of the present study.  Finally, some of my own co-authored work draws on techniques 

and concepts from phenomenology and microethnography to understand how families 

and casual visitors use their bodies to engage with and make sense of mathematics 

exhibitions (Nemirovsky et al., 2012, 2013).  Some of the ideas from this latter work 

animated my thinking about this project from its very early stages and throughout my 

analyses.  Because of this, I elaborate on this in the next section. 

2.4.1.4  Math Moves! exhibits as mathematical instruments.  In the present 

project, I share with these studies a care for embodied interaction and sense-making at 



 

 

70 

the exhibit face.  Bringing a holistic sensibility to my working notion of embodiment, 

I have found it helpful to view the Math Moves! exhibits as mathematical tools — or 

instruments (Nemirovsky et al., 2013) — as one inroad into understanding embodied 

experience in the exhibition.  The exhibits in Math Moves! are quite different from the 

relatively scripted, push-button-style exhibits that sometimes populate the halls of 

interactive science centers (Alexander & Alexander, 2008).  Within the world of 

mathematics exhibitions, a good example of this type of push-button interactivity can 

be found in Mathematica’s Möbius strip exhibit.  Classified by an evaluation report as 

one of a handful of ‘kinetic-interactive’ exhibits in the exhibition (Constantine et al., 

2004), the exhibit is equipped with a single button that, when pressed, triggers a 

mechanical arrow to travel one circuit around a large, looming Möbius strip (see 

Figure 2.6). 

 

Figure 2.6.  Mathematica’s Möbius strip exhibit.  Photograph taken by author at the Museum of Science 
Boston.  February, 2013. 
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Thus, while the Möbius strip is set in motion by a visitor’s instigating action, it does 

so in a way that, as I see it, does not require her to develop or refine any particular 

skill with how she uses the exhibit.  Instead, a single, isolated motion triggers a pre-

determined kinetic display to be viewed at some distance; the feedback loop between 

exhibit and user actions is punctate rather than continuous. 

In contrast to Mathematica’s Möbius-strip exhibit, I describe the interactivity 

of Math Moves! exhibits as predominantly continuous, meaning there is an ongoing 

relation of reciprocal causation or exchange between the user and the exhibit.  For 

example, during active use, Partner Motion detects visitor movements in real time and 

provides instant (or near-instant) feedback in the form of a dynamic digital display of 

a distance-time graph.  For this reason, I consider Math Moves! exhibits to be 

mathematical tools with which one can develop and progressively refine fluency. 

In previous research on visitor engagement with mathematics exhibits, we used 

the language of mathematical instruments to evoke a parallel with musical instruments 

(Nemirovsky et al., 2013).  For example, we can readily imagine that a violinist might 

progressively become more adept at playing Bach’s Violin Etude No. 3.  With each 

repetition, the violinist makes minute adjustments to fingering and bow-work in 

continual response to the sound of her playing.  Similarly, a visitor to Partner Motion 

can gradually become more skillful at playing2 different images or graphs suggested 

by the exhibit’s label (Figure 2.7): 

                                                

2I use the term play here deliberately, both to evoke the analogy with playing a musical 
instrument as well as with familiar connotations of recreation, amusement, and spontaneous enjoyment. 
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Figure 2.7.  Some target graphs printed on Partner Motion’s label. 
 

For example, that seems to have been the case for two 6th-grade study 

participants, Anna and Leigh, who made a series of attempts to produce graph number 

2 (Figure 2.7, middle image) at Partner Motion.  Over the course of four repetitions 

the two girls practiced ‘playing’ a pair of parallel line segments.  As the progression of 

produced images suggests (Figure 2.8), over the handful of minutes they spent 

practicing graph 2, the two students jointly developed an emergent fluency with the 

exhibit-as-instrument, revising, discussing, and refining their body movements with 

each repetition.  We can imagine, analogously, our violinist practicing Etude No. 3 

iteratively, beginning with a first attempt full of off-key notes and imprecise rhythm, 

but gradually approaching the melody and phrasing the violinist imagines to be her (or 

Bach’s) aim. 
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Figure 2.8.  Graphs produced by Anna and Leigh at Partner Motion during a sequence of four attempts 
to produce the target image shown in graph 2 of Figure 2.7.  The first and second attempts are shown 

top left and top right respectively.  The penultimate and final attempt are shown bottom left and bottom 
right respectively.  Screen-capture stills taken from the data for this project. 

 

Based on previous research on visitor interactions with an interactive algebra 

exhibit, we characterized the development of fluency with a mathematical instrument 

like Partner Motion as a process of perceptuomotor integration (Nemirovsky et al., 

2013), the systematic intertwining of perceptual and motoric3 aspects of a tool’s use.  

Ingold’s (2011) meditation on technical skill strikes a similar theoretical chord when 

he describes expert craftsmanship in terms of “an intimate coupling of perception and 

action” (p. 58).  Using the example of a saw, he writes: 

                                                

3While I am sympathetic to arguments that an ontological distinction between motor action and 
perception is somewhat artificial (e.g. Gibson, 1979; Noë, 2004), I have maintained it provisionally here 
for the sake of simplicity in referring to different strands of embodied experience. 
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Thus in sawing, the visual monitoring of the evolving cut, through eyes 
positioned above to see the wood on either side, continually corrects 
the alignment of the blade through subtle adjustments of the index 
finger along the handle of the saw.  Likewise the right hand responds in 
its oscillations to the sound and feel of the saw as it bites into the grain.  
This multisensory coupling establishes the dexterity and control that are 
the hallmarks of skilled practice. (pp. 58-59) 
 
For example, from this perspective, emerging fluency with Partner Motion 

involves the ‘intimate coupling’ of whole-body motion with associated visible changes 

on the graphical display such that, over time, the two are experienced as a unified 

whole.  This experiential weaving of action and perception is partially structured by 

the design of the instrument; for example while forward-backward motion along the 

tracks of Partner Motion is ‘integrable’ (Nemirovsky et al., 2013) with visible upward-

downward motion on the displayed graph, stepping or swaying left or right along the 

track is not. 

Importantly, in our work with the algebra exhibit we found that by attending to 

the details of embodied engagement with the exhibit we were able to see the 

microgenesis of perceptuomotor integration contributing to emergent mathematical 

skill over relatively short timescales (Nemirovsky et al., 2013).  Moreover, from a 

perspective that views mathematics learning in terms of perceptuomotor enskillment, 

Partner Motion’s displayed distance-time graph becomes meaningful to Anna and 

Leigh in terms of the whole-body motion required to produce it.  More generally, the 

suites of intertwined action and perception that attend the creation or use of a 

mathematical representation or symbol partially constitute what it means for someone.  

Even viewing or imagining various graphs on Partner Motion would awaken 
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“kinesthetic echoes” (Nemirovsky et al., 2013) for a relatively fluent user, just as 

listening to Bach’s Etude No. 3 might spark our violinist to engage her left-hand 

fingers in a barely noticeable performance of the fingering associated with the etude’s 

notes (Haueisen & Knosche, 2001). 

2.4.2  Remembering and Imagining:  Toward an Embodied Perspective 

While my first originating research question attends to learner engagement 

within the museum, my second question explores how that engagement is interwoven 

with classroom life by investigating how teachers and students remember and imagine 

the museum experience during classroom preparation and follow-up.  This second 

question is informed by a particular conceptualization of remembering and imagining, 

one that may be less familiar than the common notions of memory and imagination 

offered by cognitivist paradigms.  While I have already provided an empirical 

illustration of this conceptualization in the section of my literature review on field trips 

(Section 2.2.3), in which I interpret Goodwin’s (2007) account of a family dinner-table 

conversation about a museum visit, I now draw selectively on diverse scholarship in 

the study of memory and imagination to give additional elaboration. 

Just as my notion of engagement with the exhibition is based on the details of 

learners’ embodied interactions with exhibit components, other material artifacts, and 

co-participants, I take a similar embodied-interactionist approach to defining and 

studying remembering and imagining in the context of the classroom activities that 

surrounded the museum visit.  More specifically, I understand remembering and 

imagining to be social-interactive processes in which people use verbal and bodily 
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modes of expression situated in a material world in order respectively to (a) evoke 

objects and events that are understood as belonging to the past, and (b) bring to quasi-

presence physically absent entities and processes. 

This perspective aligns with recent interdisciplinary scholarship highlighting 

the embodied, social, and material dimensions of remembering and imagining against 

a contrastive theoretical backdrop consisting of longstanding mentalist accounts of 

these phenomena (e.g., Barnier & Sutton, 2008; Bietti, 2010; Hutchins, 2010; Murphy, 

2005).  Indeed, it is not hard to find theories of memory and imagination that render 

these as intra-cranial objects, lodged somewhere in the interior of a singular, 

disembodied, and self-contained mind.  For example, memory plays a central role 

within the computationalist theories that originated during the so-called cognitive 

revolution of the mid-20th century and that continue to inform much of the discipline 

of cognitive science (e.g., J. R. Anderson, 1996; Bruer, 2001; A. Clark, 2001).  From 

these perspectives, memory — subdivided into a variety of working, short-term, and 

long-term components — constitutes the contents and infrastructure of a neurally 

implemented computational mind.  Similarly, as Murphy (2004, 2005) notes, an 

overwhelming number of philosophical and empirical investigations of imagination 

begin with the assumption that imagination involves creating a mental representation, 

and then seek to understand the nature of that representation and the conditions of its 

formation.  The profound entrenchment of mentalist assumptions about memory and 

imagination is nicely summarized by the definitions of each of these phenomena in the 

Stanford Encyclopedia of Philosophy as “cognitive capacities by which we retain 
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information” (Sutton, 2010, p. 1) and the formation of “a particular sort of mental 

representation” (Tamar, 2011, p. 1), respectively. 

In what follows I discuss recent studies in a variety of disciplines that together 

point to an alternative approach to the investigation of memory and imagination.  This 

alternative conceptualization understands these core constructs as embodied, material, 

social-interactive processes.  Together these studies point to an ecological approach 

that complements established traditions of laboratory-based studies of memory and 

imagination with naturalistic observations of remembering and imagining in situ.  I 

selectively elaborate on relevant literatures in order to motivate this alternative 

conceptualization of each of these constructs in turn.  In each case I organize my 

discussion in terms of studies that cast imagining and remembering as (a) embodied, 

(b) materially mediated, and (c) social interactive, although in much of this research 

these dimensions are interwoven. 

2.4.2.1  Remembering as embodied interaction and experience.  While 

computationalist and other mentalist accounts of memory locate it in the intra-cranial 

realm sandwiched between perception and action, an alternative conjecture motivated 

by an embodiment perspective is that processes of remembering are in fact constituted 

by perceptuomotor activity.  Nemirovsky (2011) articulates a version of this 

conjecture in his exploration of the role of embodied affective experience in learning 

transfer.  Drawing on phenomenology’s emphasis on conscious experience, the author 

suggests that episodic feelings, the affective elements of a memory of a specific 

spatio-temporal event, may underlie instances in which one lived experience comes to 
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incorporate aspects of a prior.  Episodic feelings may be re-awakened through 

embodied activities that partially reenact the associated memory and thus become 

woven into the flow of a person’s experiential present. 

In the case study used to ground these ideas, an elementary student, Eleanor, 

participates in a teaching interview centered around a motion detector that transforms 

the distance between a sensor and a button held by the user into a graph of distance 

versus time displayed on a computer monitor.  Although Eleanor begins the interview 

by experimenting with a single button, she later uses two buttons at once, producing 

simultaneously two distance-versus-time graphs, and becomes interested in how she 

can separate the two graphs so that they don’t coincide.  After experimenting some 

with separating her hands horizontally and vertically, Eleanor undergoes a 

spontaneous remembrance of her past work with a single button:  moving her body in 

a way that partially reenacts the nature of her bodily engagement when she had been 

working with a single button, Eleanor remembers that holding the button farther from 

the sensor produced a higher graph on the monitor.  The analyzed interview episode 

includes several additional instances in which Eleanor and the interviewer engage in 

what the author calls “exercises of bodily recollection” (Nemirovsky, 2011, p. 333).  

That is, in order to make sense of the graph they use talk, deictic gesture, bodily 

reenactment, and affective expression to re-live partially the activity that had produced 

the graph. 

While Nemirovsky’s (2011) study foregrounds the embodiment of 

remembering, other studies emphasize its materiality.  Indeed, the trans-disciplinary 



 

 

79 

study of memory has long recognized the prevalence and importance of mnemonic 

artifacts.  For example, the French psychologist Pierre Janet gave early voice to this 

idea when he wrote: 

First memories are memories of objects and use objects as memory-
aids.  An individual who wants to remember takes something away 
with him: you bind a knot into the handkerchief, you put a pebble in 
your pocket, you take a piece of paper along…Memory very often is 
material (Janet, 1928 as cited by Habermas & Paha, 2002, p. 124). 
 

Contemporary psychological research continues to investigate the materiality of 

memory, for example through investigations of the mnemonic functions of souvenirs 

(Habermas & Paha, 2002) or of the relationship between an object’s value and its 

capacity to elicit autobiographical memories (Jones & Martin, 2006). 

Finally, the trans-disciplinary study of memory includes an historic and 

recently revived interest in the social dimensions of remembering.  This line of inquiry 

can be traced in part to (a) the work of Maurice Halbwachs (1952), a sociologist who 

developed the (oft-debated) notion of collective memory in order to capture the 

distinctive ways in which members of national or cultural groups recollect a shared 

past, and (b) social psychologist Frederic Bartlett’s (1932) insistence on the primacy 

of memory’s socio-cultural determinates. 

Contemporary scholarship at the intersection of cognitive psychology and 

sociology is currently taking renewed interest in the sociality of memory (Barnier & 

Sutton, 2008; Barnier, Sutton, Harris, & Wilson, 2008; Bietti, 2010, 2011; Harris, 

Barnier, Sutton, & Keil, 2010; Harris, Keil, Sutton, Barnier, & McIlwain, 2011; Hirst 

& Echterhoff, 2008; Hirst & Manier, 2008; Nelson & Fivush, 2004; Sutton, 2008; 
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Sutton et al., 2010).  This trend has led to a growing set of empirical research 

programs that were recently proffered as rich-but-underutilized resources for current 

theoretical debates about distributed and extended cognition (Sutton et al., 2010).  

Some researchers in this area focus on the social determinants of memory 

development, highlighting the critical role parent-child interactions play in children’s 

development of autobiographical memory (e.g., Nelson & Fivush, 2004).  Others 

investigate how social and individual mnemonic processes relate.  For example, 

experimental research on the so-called social contagion of memory has demonstrated 

that people can introduce incorrect details during collaborative recall that are later 

recounted individually (Barnier et al., 2008). 

A third set of studies examines emergent properties of social groups engaged 

in various forms of collaborative recall, such as elderly couples working together to 

describe their first date (Harris et al., 2011), or strangers discussing the details of 

recent or historically significant events in their country (Bietti, 2011; Harris et al., 

2010).  These studies have identified a litany of interactive and discursive processes 

by which social groups remember events in ways that differ significantly from 

individual recollection, such as instances in which (a) a participant’s conversational 

contribution cross-cues or reminds a co-participant of additional details, (b) members 

of a social group negotiate the relevance or accuracy of one another’s contributions, or 

(c) participants work to demonstrate that their voiced recollections are credible (Bietti, 

2010, 2011; Harris et al., 2010; Harris et al., 2011). 
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2.4.2.2  Imagining as embodied interaction and experience.  A parallel set 

of trends can be identified in the trans-disciplinary study of imagination.  First, recent 

scholarship in embodied cognition and related frameworks foregrounds the role of 

perceptuomotor activity in processes of imagining (Hutchins, 2010; Nemirovsky & 

Ferrara, 2009; Nemirovsky et al., 2012).  This work counters what Murphy (2004, 

2005) identifies as a centuries-old philosophical bifurcation between the imaginary 

and the real.  This dichotomy has made it commonplace to think of imagining as a 

purely mental occurrence divorced from — or even happening in spite of — corporeal 

events like action and perception.  In pursuit of an alternative to this dichotomy, 

Nemirovsky and Ferrara (2009) draw on ideas from embodied cognition to define 

imagining as “entertaining possibilities for action” (p. 159).  They argue that all 

perceptuomotor activity is in fact imbued with an ongoing consideration of potential 

perceptual experiences and bodily actions.  Through a microanalytic case study of a 

student’s multimodal utterance during a classroom teaching experiment, the authors 

further suggest that what they call perceptuo-motor-imaginary activity is central to 

mathematics learners’ development of a sense of logical necessity.  My own co-

authored work on visitor engagement with Math Moves! further elaborates these ideas 

through an exploration of the role of gesture in imagination (Nemirovsky et al., 2012).  

Finally, Hutchins (2010), working at the confluence of distributed, embodied, and 

enactivist theories of cognition, explores imagining as a tentative action that produces 

“ephemeral experience of potential, but not yet realized states of affairs or processes” 

(p. 438).  More speculatively, Hutchins wonders if such tentative or as-if imaginary 
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acts function to keep alive certain anticipated or possible futures in ways that support 

problem solving.  Through a multimodal microanalysis of a navy navigator’s struggle 

to remedy an incorrect computation, the author argues that culturally organized modes 

of action and perception — both actual and tentative or imaginary — transform mere 

material patterns into meaningful representations and have the potential to produce 

sudden or ah-ha insights. 

Both Hutchins (2010) and Nemirovsky and Ferrara (2009) also emphasize the 

material dimension of imagination.  For example, the analysis reported in the latter 

study details how a student’s act of imagining makes use of, and is organized by, the 

structure of the physical environment as she uses talk and gesture to transform 

imaginatively the edges of a desk into elements of an interactive device with which the 

class has been working.  Recent workplace studies also highlight how material 

artifacts and multimodal utterances mutually elaborate on one another during 

processes of imagining the not-yet-existent products of design (Alby & 

Zucchermaglio, 2007, 2008; Murphy, 2004, 2005) or the hidden layers of a digital 

infrastructure (Alby & Zucchermaglio, 2007). 

These latter studies in particular include as a third thematic focus explicit 

attention to the social-interactive nature of imagining.  For example, Murphy’s (2004, 

2005) studies of architectural workplaces explore how both the processes and objects 

of imagination can be inter-individual phenomena as architects use talk, gesture, and 

material artifacts collaboratively to build on, respond to, critique, or anticipate one 

another’s contributions to a shared vision of a not-yet-built structure.  Sometimes 
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social others themselves are collaboratively imagined, as when web designers 

interactively envision how a hypothetical user might interact with a developing digital 

interface (Alby & Zucchermaglio, 2008) or when architects collectively imagine 

human experience of a yet-to-be building (Murphy, 2005). 

To summarize, although longstanding philosophical and empirical fascination 

with memory and imagination has produced a vast literature characterized by widely 

divergent conceptualizations of these phenomena, various forms of mentalism have 

dominated much of this work.  Here I have drawn selectively on contemporary inter-

disciplinary research in the fields of mathematics education, cognitive science, 

psychology, sociology, philosophy, and workplace ethnography in order to motivate 

an alternative view of remembering and imagining.  This alternative view understands 

these as purposeful, situated, culturally organized, and socially distributed processes 

that span brains, bodies, and the material world.  In this project, then, investigating 

how teachers and students imagined and remembered Math Moves! in the classroom 

meant attending to how they used language, bodily action, and material artifacts 

respectively to (a) communicate and reason about exhibition objects and events 

understood as belonging to the past, and (b) bring to quasi-presence physically absent, 

hypothetical, or yet-to-be aspects of the exhibition. 

2.5  Revisiting the Originating Research Questions 

In Chapter 1, I introduced the following two overarching research questions 

that guided the outset of this study: 
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Research Question 1:  In the context of a school field trip to the 

Science Museum of Minnesota, how do students engage with Math Moves! 

exhibits? 

Research Question 2:  In the context of classroom preparation and 

follow-up to a field-trip visit to Math Moves!, how do teachers and students 

remember and imagine the exhibition? 

I summarize here some of the key ways in which the literature I have reviewed in the 

present chapter intersects with and informs the focus and framing of these questions. 

First, both questions were broadly motivated by the notable growth in 

mathematics exhibitions in US museums over the past 15 years, as well as the 

attendant paucity of research addressing basic questions about (a) how visitors interact 

with these installations, and (b) how experiences at mathematics exhibitions might 

become interwoven with the rest of visitors’ lives.  The research questions address 

each of these issues respectively in a way that also speaks to a central preoccupation 

among researchers and practitioners with the relationship between museum- and 

school-based mathematics.  Against a discursive backdrop inflected with a paradoxical 

set of claims about the simultaneous incommensurability and complementarity of 

schools and museums, or of formal and informal learning, the originating research 

questions here pave an inroad into these debates by asking about what happens when 

learners quite literally traverse between the social-material spaces of their mathematics 

classrooms and a specific mathematics exhibition. 
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Originating Research Question 1 focuses on the museum visit itself, and, more 

specifically, on how students on school field trips to the Science Museum of 

Minnesota engaged with Math Moves! exhibits.  In the present study I understand 

exhibit engagement to include instances in which students (a) interacted with the 

exhibits, alone or in concert with co-participants, or (b) had in-museum conversations 

that are about or instigated by an exhibit.  While this notion of engagement highlights 

those aspects of a field-trip visit that appear to pertain most directly to the designed 

learning technologies furnishing the museum floor, it deliberately remains open to the 

diversity of anticipated and unanticipated ways in which learners might interact with 

and around these devices. 

Taking a wide purview on student engagement in this setting was, I argued, 

both necessitated by the free-choice nature of the overall museum environment, as 

well as the open-ended design of Math Moves! in particular.  Moreover, this approach 

provides, I feel, a modest counterbalance to the literature on school field trips that 

overwhelmingly privileges pre-determined and narrowly operationalized disciplinary 

content while, arguably, missing the unanticipated, difficult-to-categorize, and 

emergent experiences that are at the heart of free-choice learning.  Nevertheless, I 

attempted to maintain an active, ongoing dialogue with topic-specific literature in 

mathematics education, such as the ratio and proportion reviewed here.  In practice, 

the open framing of this overarching question often meant working with literature in 

unanticipated mathematical content domains as well. 
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Finally, my construal of exhibit engagement also foregrounds the notion that 

student interactions with and around these devices are accomplished through the inter-

elaboration of talk, embodied action, and physical manipulation of the material 

environment.  This emphasis was motivated both by (a) the exhibition’s hands-on, 

kinesthetic, whole-body, and multi-party design principles, as well as (b) recent work 

in visitor studies and informal science learning calling for greater attention to how 

visitors use situated talk and action to organize their experiences of museum 

exhibitions and galleries. 

Originating Research Question 2 focuses on the classroom component of a 

school field trip, and, specifically, on how museum experiences are entangled with 

classroom life through processes of imagining and remembering past, future, or 

hypothetical elements of the exhibition.  This focus addressed central concern in the 

field-trip and museum-studies literature with the seemingly ephemeral nature of a 

museum visit, while aligning with contemporary re-conceptualizations of memory and 

imagination.  Specifically, I drew on recent interdisciplinary work highlighting the 

embodied, social, and material dimensions of remembering and imagining in order to 

clarify that, in studying instances of imagining and remembering Math Moves! in the 

classroom, I was interested in how teachers and students used multiple expressive 

modalities in situ in order to (a) evoke objects and events understood as belonging to 

the past, and (b) bring to quasi-presence physically absent, hypothetical, or yet-to-be 

entities and processes. 
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With these two overarching research questions in mind, I set out to try and 

understand the wild events of school field trips to Math Moves!.  In Chapter 3 I 

describe the methods I used to address and refine these questions. 
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CHAPTER 3 

Methods 

 

3.1  Methods Overview:  Video-based Ethnographic Field Studies in Mathematics 

Education and the Learning Sciences 

The goals of this dissertation study broadly align with interest among scholars 

in mathematics education and the learning sciences in researching cognition in situ, 

that is, in the complex formal, informal, and everyday contexts in which it arises (e.g., 

Beach, 1999; Brown, Collins, & Duguid, 1989; Hall, 1999; Jackson, 2011; Lave, 

1988; Nasir, Hand, & Taylor, 2008; Rogoff & Lave, 1984; Saxe, 1991; Scribner, 

1984).  Calls for an “outdoor psychology” (Geertz, 1983, p. 151), to study “thought in 

its customary haunts” (Lave, Murtaugh, & de la Rocha, 1984, p. 67), or “cognition in 

the wild” (Hutchins, 1995) have become emblematic of a number of synergistic 

theoretical movements aiming to restore traditionally disenfranchised dimensions of 

human cognition — including culture, sociality, history, materiality, and the body — 

as well as by attendant waxing discontent with the dominance of laboratory and 

clinical research in psychology, education, and cognitive science (Hutchins, 1995; 

Lave, 1988; Streeck & Mehus, 2005). 

I describe the particular approach I took to studying cognition in the wild 

settings of school field trips as a video-based field study (vom Lehn, Heath, & 

Hindmarsh, 2002) that complemented in-depth analyses of recorded episodes of social 

interaction in context with a broader ethnographic engagement with the communities 
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under study.  In other words, while my primary analytic focus was multimodal 

interaction, I used ethnographic tools — including short-term participant observation 

and informal interviewing — to provide greater contextualization and interpretive 

leverage to the data.  My approach was broadly influenced by diverse research on 

cognition and learning that used variants of this strategy in a number of settings, 

including school classrooms (Erickson, 1982, 2004; Leander, 2002b; Mehan, 1979); 

classroom interventions and design experiments (Jurow, 2004, 2005; Jurow, Hall, & 

Ma, 2008; Nemirovsky, Rasmussen, Sweeney, & Wawro, 2012; Stevens, 2000, 2010);  

extra-schooling activities (Leander, 2001, 2002a); everyday home and leisure 

activities (C. Goodwin, 2007; M. Goodwin, 2007; Stevens, Mertl, Levias, & 

McCarthy, 2006; Stevens, Satwicz, & McCarthy, 2008); professional settings (Alac̆, 

2009, 2011; Alac̆, Movellan, & Tanaka, 2011; Becvar, Hollan, & Hutchins, 2008; 

Goodwin, 1994; Hall, 1999; Hall, Stevens, & Torralba, 2002; Hall, Wright, & 

Wieckert, 2007; Hutchins, 1995, 2010; Stevens & Hall, 1998); and informal science 

learning environments (Rahm, 2004, 2010).  Like many of these researchers, I 

synthesized data collection and analysis tools as well as interpretive practices from a 

constellation of methodological and theoretical traditions, including ethnography 

(Fetterman, 2010; Jessor, Colby, & Shweder, 1996), ethnomethodology (Garfinkel, 

1967; Heritage, 1984), conversation analysis (Goodwin & Heritage, 1990; Heritage, 

2001; Pomerantz & Fehr, 2011; Sidnell, 2010), microethnography (Erickson, 1992, 

1996; Streeck & Mehus, 2005), cognitive ethnography (Hutchins, 1995; Williams, 

2006), and interaction analysis (Jordan & Henderson, 1995).  While much of this work 
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operated in the background of my thinking, subtly coloring my own emergent practical 

aesthetic, I have attempted whenever possible to indicate how my own work practices 

brought these strands of scholarship together. 

As a brief overview of the methodology for this project, I worked with 5th- 

through 7th-grade classes covering pre-algebra content whose teachers conducted a 

field-trip visit to Math Moves!.  In all cases the field trips included both classroom 

preparation and follow-up activities.  The data I collected included intensive video 

recordings of the trip and the accompanying classroom activities, as well as informal 

interviews with participating teachers and students.  My practices for interpreting the 

data intertwined relatively broad, inductive thematic analyses of the data as a whole 

with close multimodal interaction analyses of selected video-recorded episodes from 

the museum, classrooms, and interviews.  In this chapter, I discuss the participants and 

settings for this project (Section 3.2), data collection (Section 3.3), data analysis 

(Section 3.4), and quality of the results (Section 3.5). 

3.2  Participants and Settings 

3.2.1  Museum Exhibition Setting 

Math Moves! is an NSF-funded exhibition-development project that also 

includes a longitudinal summative evaluation study.  I came to be involved with the 

project as an assistant for the research component of the grant led by my doctoral 

advisor.  The exhibition’s development process was somewhat unusual in that it 

involved the collaboration of four science centers — the Science Museum of 

Minnesota in St. Paul, MN; The Museum of Life + Science in Durham, NC; Explora 
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in Albuquerque, NM; and the Museum of Science in Boston, MA — as well as TERC 

in Cambridge, MA and the Center for Research in Mathematics and Science Education 

in San Diego, CA.  Copies of the exhibition are now installed at each of the 

participating science centers, with each installation customized to fit the spaces and 

institutional cultures of the four organizations. 

While the exhibits in Math Moves! have the potential to support engagement 

with a wide variety of mathematical ideas, the official topic of the exhibition is ratio 

and proportion, including fractions, percentages, geometric similarity, and quantitative 

comparison.  The exhibition was developed for children aged 6-12 years, with a stated 

goal of helping to prepare learners for algebra in middle and high school.  The design 

of Math Moves! reflects a broader growing interest among science-center 

professionals in developing interactive, multi-sensory, immersive, and multi-party 

exhibits (see Section 2.1).  Moreover, because the project collaborators included 

multiple researchers and designers with a shared interest in embodied theories of 

mathematical cognition and learning, the exhibits are particularly oriented toward 

engaging visitors in kinesthetic, hands-on, multi-sensory, and sometimes whole-body 

activities.  The development process also emphasized several additional design 

criteria, including requirements that exhibits be: 

(a) open-ended, meaning they can be interacted with in multiple ways; 

(b) transactive, meaning they allow visitors to leave physical traces of their 

interactions such that subsequent visitors can see or interact with them; 
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(c) conversational, meaning they encourage visitors to talk with one another 

about the exhibit; 

(d) supported, meaning they include supplemental materials that help parents, 

teachers, and other caregivers engage with children as co-learners; and 

(e) accessible, meaning they incorporate universal design principles that 

support engagement by differently abled visitors and audiences of diverse linguistic 

backgrounds. 

In this project I studied field trips to the installation of Math Moves! at the 

Science Museum of Minnesota (SMM).  SMM is a large, non-profit science museum 

currently located in downtown St. Paul.  Founded at the turn of the 20th century, SMM 

has a relatively long history and has undergone several location changes, 

organizational restructurings, and transformations in institutional mission and 

pedagogical philosophy (Roach, 1981).  With approximately 370,000 square feet, the 

museum currently houses numerous permanent and traveling installations on topics 

ranging from dinosaurs and fossils to cellular biology to human anatomy.  SMM is 

also home to a mathematics exhibition on calculus called Handling Calculus.  Because 

SMM has both a research and an evaluation department, as well as a department 

dedicated to programming and professional development for schools and teachers, 

they were uniquely poised to provide institutional support to the project.  The 

installation of Math Moves! at SMM includes 12 exhibits located in the same area of 

the museum.  Images and descriptions of the components are provided in Appendix A. 
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3.2.2  Participants 

3.2.2.1  Recruitment and selection.  The participants for this study were 

members of 5th-, 6th-, and 7th-grade pre-algebra classrooms from the Minneapolis-St. 

Paul metropolitan area, including the classroom teachers, students, and adult 

chaperones accompanying the field trip.  I sought out pre-algebra students because 

algebra readiness was a significant motivation behind the exhibition’s design and these 

students were within or just beyond the target age range of the exhibition (6-12).  I 

recruited research participants through the SMM’s programming and professional-

development departments, which circulated an invitation to participate among 

schoolteacher-contact lists. 

Studies of teacher practices in relation to school science field trips suggest that 

teachers do not always plan and implement classroom preparation and follow-up 

activities (Anderson, Kisiel, & Storksdieck, 2006; Kisiel, 2006).  Because I wanted to 

understand how Math Moves! exhibits would be imagined and remembered in the 

classroom, I recruited only teachers who were planning or were willing to plan for a 

minimum of a full class period dedicated to preparation, and a full class period for 

follow-up.  This is akin to what Maxwell (2005) calls purposeful sampling, in which 

participants and settings are selected so as to maximize their informative-ness with 

respect to the research questions and, in particular, the likelihood that a phenomenon 

of interest will be observed.  It is important to distinguish this from random sampling, 

in which an effort is made to achieve population representativeness and statistical 

generalizability.  I further discuss the nature and planning of classroom activities and 
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issues of case-study generalizability in subsequent sections of this chapter (Sections 

3.2.2 and 3.5.3 respectively). 

Teachers planning a school field trip can experience a number of financial, 

logistical, and administrative barriers (Anderson et al., 2006).  The Math Moves! 

research project alleviated any financial burden on the participating classrooms and 

schools.  Nevertheless, the complex logistics of arranging field trips and preparing and 

implementing preparation and follow-up activities meant that I had to base my 

participant selection primarily on availability and willingness to participate in the 

research project, teacher willingness to conduct the trip and classroom activities, and 

the support of school principals and districts. 

Within these constraints, I endeavored to balance two potentially conflicting 

impulses.  On the one hand, having little data or literature to guide my expectations 

about what I would experience on the field trips, I sought to maximize variability, an 

approach that is sometimes considered useful when a researcher is working toward 

inductive concept development in an un- or under-explored domain (e.g., Glaser & 

Strauss, 1967).  On the other hand, working with teachers and students situated in 

multiple, potentially divergent classroom, school, and community cultures 

complicated any effort to disentangle the intersecting influences of instructional 

design and cultural milieu.  While this kind of analytic deconstruction was not my 

explicit focus, I did want to develop some depth of understanding of the broader 

cultural-historical contexts of the participating classrooms and schools, as well as to 



 

 

108 

reflect on the ways these contexts may have shaped how teachers and students 

engaged with, imagined, and remembered Math Moves!. 

In order to strike a balance between these two interests, I worked with two 

teachers working at two schools representing different types of institutional and 

cultural climates, student ages, and student levels of mathematics achievement 

(described further in the subsequent Section 3.2.1.2).  These variations were offset by 

correspondences between participants and settings:  each of the teachers brought two 

of their classes on a field trip to Math Moves!.  Each teacher used roughly the same 

field-trip instructional design for her two classes, with some similarities and 

differences between the two schools (Section 3.2.4).  To summarize, this approach 

pursued a range of potential answers to my research questions, while also providing 

some purchase on the consequences of instructional-design choices for how learners 

engage with, imagine, and remember Math Moves!.  Chapter 9 includes additional 

reflection on my participant-recruitment process, in particular, on challenges I had 

recruiting schools that were lower-income as well as linguistically or ethnically 

diverse. 

3.2.2.2  Schools and teachers. 

North Lake Intermediate School and Ms. Collins.  North Lake Intermediate 

School1 is a public school for grades 3-5 serving a cluster of predominantly white 

communities ranging from middle-class to affluent.  The student population is 92.9% 

                                                

1Aside from the exhibition, science museum, and myself, all place and person names in this 
dissertation are gender-preserving pseudonyms.  Participants were given the option of selecting their 
own pseudonyms. 
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white, 3.3% Hispanic, 2.3% African American, 2.3% Asian, and 0.2% Native 

American.  While North Lake is a public school, it has a strong public-private 

partnership between the school and the district’s more affluent residents.  Ms. Collins 

— the North Lake teacher who participated in this study — frequently had her 

students use iPads during my stay in her classroom, explaining to me that these were 

among the many resources the partnership had provided to the school. 

Because North Lake is a relatively well-resourced and highly ranked public 

school, Ms. Collins explained that many of the area’s more affluent residents choose 

to send their children to North Lake instead of to a private school.  This created, from 

Ms. Collins’ perspective, socioeconomic discrepancies to which she needed to attend 

as a teacher.  For example, when she assigned Math Moves! follow-up projects to her 

students for homework (see Section 3.2.4), she reiterated on multiple occasions that 

she was “challenging” them to use only found objects and materials from around their 

homes.  She explained to me later that she had done this to try to discourage her 

students from more affluent families from purchasing higher-end or flashy materials. 

When I first met Ms. Collins, she was approaching 30 years of teaching 

elementary math and science, 26 of which had been spent at North Lake Intermediate 

School.  During interviews with her, I could feel her many years of teaching 

elementary school inflecting the way we interacted.  Often, before answering one of 

my questions, she would insert a brief approbation, saying “VERY good question” in 

the same way she might to a student.  A self-described veteran teacher and leader, she 

was a very active participant in and organizer of teacher professional development in 
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math and science.  A few years prior to the Math Moves! field trips, she had met a 

mutual acquaintance at SMM during a week-long summer professional development 

on STEM equity, hosted and facilitated by the museum.  It was through this mutual 

acquaintance that I initially made contact with Ms. Collins.  Ms. Collins continued her 

involvement with the STEM equity professional development program, even returning 

as a teaching fellow for the museum in subsequent years. 

Ms. Collins expressed a feeling of resonance with the educational work of 

SMM, explaining that she shared with the staff there a tendency for “just being 

forward thinking and always looking at new ways to help kids really engage.”  She 

explained that one of her main goals as a district leader was to shift the “conservative 

procedural tendencies” in the district.  She described her early teaching as initially 

“narrow and right in the line and organized.”  But, over time, she had come to attend 

more to individual differences across learners and began to work harder to bring 

“everyone to the table, to the learning table.”  She wanted her students to appreciate 

multiple strategies and approaches to learning, and felt that the novelty of the science-

museum environment would support her ongoing work “not to create a widget 

learner.”  Debriefing about the field trip during a follow-up interview, she said about 

the exhibition, “I was happy to see that there wasn’t just one way to do it, because that 

is something that I’m trying to get away from.”  She also seemed to feel that the body-

based design of Math Moves! supported her efforts to facilitate “conceptual learning” 

and the building of “a strong foundation” for later math and science.  For example, 

during an interview before the trip she said:  “And really, what’s it all for?  To build a 
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super solid conceptual understanding of ratio and proportion.  And the more they can, 

I think, move and interpret it and feel it and experience it in different ways, it’s just 

stronger.” 

During the year I conducted this fieldwork, Ms. Collins taught math and 

science to two 5th-grade classes.  While both classes had been placed in advanced 

tracks based on standardized test scores from the previous year, the class she taught 

during the first half of the day (her “AM kids”) had placed at especially advanced 

levels.  She worried — especially for her “PM kids,” — that the placement into a pre-

algebra curriculum in the 5th grade might be a bit of a stretch.  During my work with 

her North Lake classrooms, the PM kids were slightly behind the AM kids in the 

curriculum.  Ms. Collins also engaged in noticeably more classroom management with 

her PM kids, explaining to me that while “their energy is phenomenal,” she would 

“need to teach them to harness it.” 

Because Ms. Collins taught her students both math and science, she had the 

freedom to adjust each day’s schedule in terms of the ordering and the amount of time 

dedicated to each subject.  A typical math lesson would begin with correcting 

homework from the night before.  Ms. Collins would display solutions on the smart 

board while students marked their answers, occasionally asking questions about an 

incorrect response or a tricky problem.  The class would then move on to the next 

section of their textbook.  This usually involved some lecturing from Ms. Collins and 

collectively working through paradigmatic problems, with individual students invited 

up to the board to work the problems as part of a whole-class discussion.  She would 
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then assign problems to work on for homework that night.  At this point, the lesson 

might also include an assessment before coming to a close. 

Peppered into this fairly traditional format were other enrichment activities 

that, from what I could tell, expressed Ms. Collins’ desire to move away from “narrow 

and right in the line” teaching.  She sometimes began classes with games or readings 

from “math magazines” that told stories about real-world mathematical applications.  

Her lectures were very animated and sometimes included whole-body movement 

activities, like walking human-scale number lines. 

Maple Catholic Middle School and Ms. Barry.  Maple Catholic Middle School 

is a small private Catholic school in an upper middle-class suburb.  The student 

population is 92% white, 1% Hispanic, 1% African American, 2% Asian, and 1% 

Native American.  The school and attached church have a long history in the Maple 

community, dating back to the late 19th century.  During the time I spent at Maple, the 

Catholic-school system in the Twin Cities was undergoing a major restructuring that 

included merging and closing schools, changes in curriculum, and implementing a 

standard grading scale across the schools.  Maple Catholic Middle was among the 

schools that were thriving, however, and Ms. Barry, the Maple teacher who 

participated in this study, felt that the school — and her job — were very stable. 

Due, in part, to this broader restructuring of the Catholic-school system, Maple 

Catholic Middle — and its adjoined K-5 elementary school — had been in the process 

of implementing multiple changes.  During the relatively short time (4 years) that Ms. 

Barry had been teaching there, both the middle and elementary schools had adopted 
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new mathematics curricula and were in the process of working out discontinuities this 

had created between elementary and middle-school mathematics.  They had also 

recently implemented ability grouping in all grade levels.  Unlike North Lake — 

where students were tracked based almost entirely on standardized-test scores — at 

Maple tracking decisions were based on multiple factors, including grades and class 

participation. 

On top of these school- and district-wide changes, Ms. Barry’s classes and 

instruction were in a state of flux and experimentation in ways that reflected her 

approach and evolution as a teacher.  When I met Ms. Barry, she had been teaching for 

a total of eight years, the latter four of which had been spent at Maple Catholic 

Middle.  Ms. Barry was in graduate school at the time, obtaining a math certificate, 

and would later complete a Master’s in curriculum and instruction with an emphasis 

on mathematics.  Our shared status as graduate students of mathematics education 

created a collegial rapport between us.  She occasionally struck up conversations with 

me about courses she was taking and literature she was reading.  She explained that 

the certificate program was an eye-opening experience because it had introduced her 

to “conceptual learning” in mathematics. 

Ms. Barry was actively developing and experimenting with her teaching 

practice during the time I spent at Maple, describing her environment as one of 

“complete freedom” with respect to adapting or adding to the official curriculum.  She 

routinely supplemented the textbook with other curricular materials and problems 

recently garnered from her graduate courses.  During the year we met, she was also in 
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the process of ‘flipping’ her classroom, meaning that she sometimes recorded lectures 

as homework and used class time instead to work through problems with students.  

Because this was a relatively new addition to her teaching, she often worked late to 

record video lectures for her students. 

Ms. Barry’s avid seeking and experimentation are ultimately what led us to 

cross paths.  During the previous year, she had visited the museum casually with her 

husband and happened across Math Moves!.  She said she instantly felt excited about 

the exhibits and the possibility of using them with her students.  She contacted the 

education department at SMM and arranged a small enrichment field trip for a handful 

of her more advanced students, making use of the educator guide worksheets that were 

still being prototyped at the time.  Thus, when I first made contact with Ms. Barry 

through the museum’s education department, she had already conducted a small field 

trip to Math Moves! and jumped at the opportunity to take a larger group of students 

to the exhibition the following year. 

Two of Ms. Barry’s classes participated in this study, a 6th- and a 7th-grade 

class, both of which were receiving the same pre-algebra content.  Ms. Barry’s 6th-

grade class was a relatively large (~25) group of students who had been identified as 

high-achievers.  Her 7th-grade class was a small (~10) group of students who were 

identified as lower achieving and, in some cases, were diagnosed with learning or 

autism-spectrum disorders.  These students had struggled in mathematics the previous 

year and, as a result, the middle-school math teachers had decided to create a special 

remedial grouping for them.  While both classes were working through more-or-less 
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the same curriculum, Ms. Barry used different instructional styles for each.  She 

moved relatively quickly through problems and units with her 6th-graders, giving them 

substantial time during class to work through problems independently or in groups.  

With her 7th-graders, however, Ms. Barry moved more slowly through the curriculum, 

spent more time offering problem guidance to the class as a whole, and frequently 

paused to review foundational content as needed. 

Because Ms. Barry’s class format was in a process of experimentation and 

transition, the organization of class sessions was less routinized than in the North Lake 

classrooms.  Based on my observations and interview conversations with Ms. Barry, it 

seemed she varied the class format in response to the level of difficulty she expected a 

topic to pose for her students.  With review topics, or topics she anticipated would be 

relatively less challenging, she used a fully flipped format, assigning recorded lectures 

for students to watch at home and using class time to provide assistance with 

associated sets of procedural mathematical tasks.  She would introduce more 

challenging topics, however, with a series of “stations,” which were complex, multi-

stage problems geared more toward conceptual sense-making.  Many of these 

problems were derived or adapted from her graduate work and, as a result, were 

constantly being supplemented or modified depending on her students’ responses.  

After working through the “stations” for a week or two, Ms. Barry might then turn to a 

focus on procedural skills. 

Because of the “complete freedom” Ms. Barry had with respect to her 

curriculum, she rearranged her sequencing to match the timing of the field trips to her 
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ratio-and-proportion unit.  Because these were among the topics Ms. Barry felt were 

challenging, she was having students work through ratio and proportion stations 

during several weeks surrounding the trip, and I was able to spend some time 

observing class work on these problems.  In Chapter 4 (Section 4.5) I describe two of 

these stations in relation to experiences with Math Moves! exhibits. 

3.2.2.3  Focal student groups.  It was not possible to attend to the activity of 

every student in the North Lake and Maple classrooms, particularly during the 

museum visit when students were mobile.  Because of this, I worked with Ms. Barry 

and Ms. Collins to identify three pairs of students in each classroom representing a 

range of expected engagement with both the classroom activities and the museum 

visit.  I asked the teachers to assign these student pairs to work together during the 

museum visit as well as during any classroom group work.  The pair structure was a 

common tactic used by both Ms. Barry and Ms. Collins on other field trips, and, 

hence, seemed to me like a very natural organization to incorporate into their 

instructional designs. 

Ms. Collins, ever cognizant of matters of equity and representation, explained 

that she had selected focal students to achieve a balanced representation of gender, 

achievement, and socioeconomic status.  She also purposefully included two students 

who had been diagnosed with learning disabilities, in part, as she explained, because 

she wanted to give them a feeling of “belonging” to the classroom community.  At 

North Lake, then, I focused on two girls and four boys from Ms. Collins’ AM class, as 

well as four girls and two boys from her PM class.  One student from this group of 
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twelve was of non-white ethnicity.  All pairings in Ms. Collins’ classes were same-

gender pairings.  Based on my observations, in some cases the pairings appeared to 

have established friendships while, in others, I noticed the occasional tension or 

instance of bullying. 

Ms. Barry’s 7th-grade class was so small that my focal students were the six 

students who consented to participate in the research study, composed of five girls and 

one boy.  This meant that there was one boy-girl pairing, a fact that students 

commented on but that, from what I could tell, was not particularly distracting.  From 

her larger 6th-grade class, Ms. Barry selected focal students to balance gender, 

achievement levels, and to satisfy student schedule constraints on participating in 

focus-group interviews (see Section 3.3.4).  I worked with three boys and three girls 

from her 6th-grade class, with one boy-girl pairing.  I focused my video data collection 

and interviewing on the focal students in ways that I will detail later in this chapter 

(Section 3.3). 

3.2.3  Classroom Settings and Activities 

Throughout the data-collection process I had several roles, including observer, 

interviewer, and participant observer.  Participant observation is a term derived from 

the ethnographic tradition in anthropology and is intended to capture, on the one hand, 

a dynamic balance between intervention and involvement in the lives of the research 

participants, and, on the other hand, a kind of professional dis-engagement that allows 

the researcher to attend to and document phenomena of interest (Fetterman, 2010).  

My own adoption of this term to describe aspects of my involvement in the research 
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project aims also to indicate a balance between intervention and observation.  

However, I departed from what might be considered standard uses of participant 

observation in that I did not immerse myself in these classroom communities over the 

kinds of extended time periods characteristic of traditional ethnography. 

My involvement as a participant observer primarily came into play during the 

planning process for the field trip, including the classroom preparation and follow-up 

activities.  While Ms. Barry and Ms. Collins took the lead in crafting their 

instructional designs for the trips, I had a sequence of phone and in-person preparatory 

meetings with them in which I provided support by answering questions about the 

exhibition and by offering informal guidance and feedback based on my own 

professional experience.  Ms. Barry wanted to refine the instructional design she had 

used the previous year, and I primarily supported her by helping her think through 

how long various activities with the exhibits might take.  Ms. Collins, who had not 

conducted a field trip to the exhibition, took a more exploratory approach, and we had 

several brainstorming sessions about the field trips, especially about possible follow-

up activities.  Section 3.2.4 provides more information about the field-trip 

instructional designs implemented by each of the participating teachers. 

Another way in which I was positioned as a participant in the events I studied 

was as a designer of Math Moves!.  While my involvement in the design process had 

been relatively limited — participation in a massively collaborative undertaking — 

both Ms. Barry and Ms. Collins introduced me to their students in a way that portrayed 

me as a more central creator of the exhibition.  This — understandably-simpler — 
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characterization of my role led me to feel the need to express repeatedly my non-

authoritarian and non-evaluative stance.  Before beginning any videotaping or 

interviews, I reminded the students and teachers that I wasn’t evaluating them in any 

way, nor looking for “right” answers.  During interviews with students, I told them 

directly that they were free to say negative or critical things about the exhibition, 

assuring them that my feelings wouldn’t be hurt. 

Before beginning video data collection (Section 3.3), I spent as much time as I 

could getting to know the schools, classrooms, teachers, and students.  I observed 

several typical class sessions before the field trips and tried to develop a rapport with 

the focal students through casual conversations at the beginning or end of class.  On a 

couple of occasions, I ran into focal students with their parents or grandparents in the 

neighborhood food co-ops and took the opportunity to chat informally with them 

about life in school, their families, and extracurricular interests. 

3.2.4  Field-Trip Instructional Designs 

3.2.4.1  Math Moves! Educator Guide.  Both Ms. Barry and Ms. Collins 

made extensive use of a set of supporting materials provided by the museum for field 

trips to Math Moves!.  Specifically, SMM developed an educator guide containing 

student worksheets for a select subset of Math Moves! exhibits (see Appendix B).  The 

guide also includes an introduction to the exhibition, additional web and text resources 

for teachers, a chaperone guide, a floor plan, and a list of Common Core State 

Standards potentially touched on by the exhibition.  Finally, it also contains 

suggestions for classroom preparation and follow-up activities surrounding a school 
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field trip to the exhibition.  Staff from SMM’s education department led the design of 

student worksheets, with peripheral input from other Math Moves! collaborators, 

including myself. 

Unlike the traditional information-hunt, fill-in-the-blank-style worksheets that 

have come under significant critique in the field-trip literature (e.g., Kisiel, 2003, 

2007), most of the questions on the educator-guide worksheets are open-ended, with 

questions and prompts inviting experimentation, observation, and prediction using the 

materials provided by the exhibit.  For example, consider a sequence of prompts 

provided for Shadow Fractions (see Section 2.3 and Appendix B): 

Place two of the bunnies on the table so their shadows are the same size. 

Describe where you put the bunnies in words, as a drawing, or in another way. 

Predict other places on the grid where this will happen. 

Try it!  What did you find out when you tested your prediction? 

List 2 more places this relationship will occur if the grid were bigger. 

The first prompt directs the student to find one among an infinite number of places 

along the grid, such that the bunnies’ shadows will be the same size.  It also leaves 

open the absolute and relative sizes of the bunnies.  The second prompt asks the 

student to create a written representation of this material arrangement with the exhibit, 

leaving the representational style open.  The third and fourth prompts involve making 

and testing a prediction about other material arrangements that will produce the same 

effect.  And the fifth asks the student to imagine additional material arrangements that 

would be possible if the exhibit grids were bigger. 
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3.2.4.2  Museum visit.  Both Ms. Collins and Ms. Barry assigned subsets of 

these worksheets to their students during the museum visit.  Ms. Collins assigned 3-4 

exhibits and accompanying worksheets to each student pair during the visit, 

alternating which exhibits she assigned to different pairs so that the pairs were spread 

out across the exhibition.  Students were expected to complete all their worksheets, but 

were also encouraged to explore the space freely. 

Ms. Barry assigned 2 exhibits and accompanying worksheets to each student 

pair during the visit, again assigning different exhibits to different pairs so the students 

were spread out across the exhibition.  She also told me that she had attempted to take 

into account what she perceived as the difficulty of each of the exhibits when deciding 

to whom she would assign them.  During the Math Moves! field trip she had 

conducted the previous year, Ms. Barry had tried to have her students complete 

worksheets for all of the exhibits.  Feeling that this had been too much work for the 

available amount of time, she dramatically decreased the number of exhibits assigned 

to each of her students on the field trips I accompanied.  During the year I 

accompanied her trips, she also decided to add to each exhibit worksheet a short piece 

of her own writing about the exhibits, containing hints, suggestions for explorations, 

or challenge questions.  For example, to the Shadow Fractions worksheet she added 

the prompt: 

How can the smallest wolf be twice as tall as the biggest tree?  Explain. 

Maple student pairs were expected to complete the worksheet questions thoroughly for 

the first exhibit they were assigned, moving on to the second exhibit only if they had 
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time.  The completeness of the worksheets would be factored into a test grade for the 

trip and follow-up activities. 

3.2.4.3  Classroom preparation.  Ms. Collins also made use of some of the 

classroom-preparation activities suggested by the educator guide, focusing especially 

on activities that emphasized bodily movement and the use of the body as a 

measurement tool.  On the day before the trip, Ms. Collins had her students play two 

“games” to get acquainted with “the ideas that this exhibit wants you to explore.”  In 

the first game, “Whole and Half,” one person creates an interval of space between two 

hands, or one hand and the floor.  The second person must respond by placing a hand 

halfway between the ends of the interval.  As Whole varies her hand placement, Half 

must keep up by moving her hand accordingly.  Players can vary the game by 

alternating whether Whole or Half takes the lead, or experimenting with fractions 

other than half.  Another version of the game played during the North Lake 

preparation activities involves whole-body ambulation; as Whole walks some 

trajectory through the classroom, Half responds by walking that same path at half the 

speed.  Again, this version of the game can be modified to include different speed 

relationships and variations in leadership. 

In the second “game,” students went on a “Ratio Hunt” in their classroom, 

searching for, for example, “an object that is 10 times longer than your foot.”  After 

playing these games and having a brief whole-class discussion about them, Ms. 

Collins then gave students a more logistical orientation to the trip, including the day’s 

schedule, partner pairings, museum etiquette, and the exhibit worksheets. 
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The day before the Maple field trip, Ms. Barry gave an orientation to the trip 

that included logistical considerations, such as partner groupings, schedules, and 

etiquette.  Because these would be factored into a test grade, she spent extensive time 

discussing the exhibit worksheets.  Displaying photographs she had taken of the 

exhibits during the previous year, Ms. Barry introduced her students to each of the 

assigned exhibits, pointing out various features or offering hints for each one.  She 

then discussed the presentations students would be expected to give on their first 

assigned exhibit during the days following the field trip (see Section 3.2.4.4), as well 

as a the elements of a grading rubric she would be using for their worksheets and 

presentations. 

3.2.4.4  Classroom follow-up.  Both Ms. Collins and Ms. Barry decided to 

devote two days of class to follow-up activities.  On the first day of class at North 

Lake after the field trip, Ms. Collins’ 5th-graders worked on in-class group projects.  

Students were grouped together according to which exhibits they had been assigned, 

so that, in principle, the students in any given group had all worked on the same 

components.  The student groups then worked together to create posters displaying 

responses to a sequence of reflection questions printed on task cards: 

1. Share the information you recorded on your sheets.  Listen to each person.  

Take turns. 

2. Compare your ideas about how you thought about the math idea in the 

exhibit.  Create a graphic to organize your ideas. 
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3. What mathematical ideas (concepts) did you experience in the Math Moves! 

exhibit? 

4. Describe how learning that idea was different than learning it in the school 

environment. 

5. Each member of your group needs to write a wondering [something each 

student is curious about] from any exhibit. 

Once the posters were complete, Ms. Collins displayed them on the classroom walls 

and the students took a “gallery walk” around the room, visiting each poster and 

reading the other groups’ responses.  Ms. Collins closed the first day of follow-up with 

a brief whole-class discussion in which students were invited to share things that 

“surprised” them during the field trip. 

On the second day of follow-up, the North Lake 5th-graders gave individual 

presentations they had prepared the night before.  Ms. Collins had given them a menu 

of “mini-projects” from which to choose, some of which were adapted from the 

brainstorming conversations she and I had had prior to the trips, while others were 

garnered from the educator guide.  Three of the options involved exhibit design or 

fabrication, and students were invited to (a) make and explore their own versions of 

Shadow Fractions using flashlights, (b) make and explore levers similar to Balance 

and Imbalance, or (c) craft or sketch a design for an additional Math Moves! exhibit.  

Two of the options related to critiquing or modifying the exhibits by either (a) 

suggesting improvements to one or two of the exhibits, or (b) writing a story that 

could be posted as a label accompanying the exhibit.  Finally, two activity options 
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involved relating the exhibits to real-world applications, including (a) exploring octave 

and key patterns on a piano and relating that to Sensing Ratios, or (b) exploring the 

movements of an analog clock and relating that to Comparing Frequencies. 

On the days following the Maple field trip, Ms. Barry devoted her class time to 

student follow-up presentations.  She first gave student pairs time in class to work on 

their presentations.  As students became ready, she transitioned to having them give 

their presentations.  Each pair of students had to present their responses to a sequence 

of questions about their first assigned exhibit: 

1.  Create a visual image that depicts your station’s problem and your solution. 

2.  Restate the problem in your own words. 

3.  List the knowns and unknowns. 

4.  List the steps that led to the solution. 

5.  Describe the paths your group took to solve the problem.  List all the paths, 

even if they were dead ends. 

6.  Record any connections or links that you or your group members made 

during the activity: 

a.  Previous problems worked on in a mathematics class. 

b.  Different mathematics content areas. 

c.  Usefulness in the real world. 

7.  Which mathematical terms were used during your station and how did they 

help you solve the problem? 
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3.2.4.5  Surrounding school curriculum.  The North Lake and Maple pre-

algebra classes differed significantly with respect to the curricular units they were 

covering at the time of the field trips.  Because Ms. Barry had “complete freedom” 

with respect to her curricular sequence, she decided to rearrange her unit ordering to 

co-time the field trip to Math Moves! with her ratio-and-proportion unit.  On the other 

hand, Ms. Collins, who had to stay in relative curricular synchrony with the other pre-

algebra classes in her school, did not adjust her curriculum to the timing of the trips.  

When I asked her whether she felt this was a challenge, she said she didn’t see any 

particular need to integrate temporally the visit with her curriculum.  Instead, she said 

that she thought the beginning of the year was an ideal time because the students could 

“connect back” to the visit throughout the year in both their math and science units.  

At the time of the North Lake field trips, Ms. Collins’ 5th-grade classes were covering 

integers and integer arithmetic.  Work on these topics often occurred on the same day 

as some of the Math Moves! classroom activities. 

3.3  Data Collection 

3.3.1  Data-Collection Team 

I was primarily responsible for all data collection but had assistance from 

evaluators on staff at SMM and my doctoral advisor.  Prior to data collection, I had a 

meeting with the assistants in which I discussed the goals of the project and 

familiarized team members with the operation of the recording equipment.  We 

discussed videography issues such as camera angles, zoom, and what to do in the 

event of a partner pair splitting up in the museum. 
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3.3.2  Classroom Video Data 

Classroom data collection occurred during classroom preparation and follow-

up activities, and included (a) video and audio recordings of preparation and follow-

activities, (b) documentation of student artifacts, (c) documentation of teacher 

instructional materials, and (d) field notes.  In addition, I also spent time in, observed, 

and collected video of the classes during typical school days in order to familiarize 

myself with the students and classrooms as well as to familiarize the students with my 

presence.  I describe each element of my classroom data collection in turn: 

3.3.2.1  Video and audio recordings.  The logistical details of the required 

setup of the recording equipment was responsive to the physical classroom 

environment and the nature of the classroom activities.  But in general, I aimed to 

capture audio and video of the classroom activity using 3−5 high-definition digital 

cameras, wearable wireless microphones, and additional microphones positioned 

throughout the room.  One or two cameras were positioned to capture a view of the 

whole class, while an additional 2−3 cameras were positioned to capture the activity of 

the focal student groups.  Cameras following the activity of focal-group students were 

operated by myself or my advisor so that close-up recordings could be made when 

appropriate.  The focal students and the teacher were each equipped with a wearable 

wireless microphone. 

3.3.2.2  Student artifacts.  I photocopied, photographed, or collected student-

produced notes, worksheets, and other artifacts created or used during the classroom 

activities.  When possible, I asked the teacher to have the focal students use digital 
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pens that recorded audio and inscriptions as they were produced in real time.  This 

enabled closer inspection of inscriptional actions. 

3.3.2.3  Teacher instructional materials.  I photocopied, photographed, or 

collected any notes, lesson plans, or other instructional materials used by the teacher. 

3.3.2.4  Field notes.  When possible, I took both contemporaneous and 

retrospective field notes to capture immediate impressions and important events that 

were not likely to be otherwise recorded.  These consisted of (a) jottings made during 

the classroom activities to record specific details, words, or events, particularly those 

unlikely to be recorded, and (b) a more elaborated written account made as soon as 

possible after the classroom activity.  The focus in these notes was on participants’ 

meanings related to the classroom activities, details of participant interactions, my 

overall impression of the classroom activity, and possible additional avenues of 

research or data collection suggested by the classroom activity (Emerson, Fretz, & 

Shaw, 2011). 

3.3.3  Museum-Exhibition Video Data 

Data collection during the visit to Math Moves! centered around (a) video and 

audio recordings of focal student pairs, and was supplemented by (b) digital screen 

captures, (c) documentation of student artifacts, and (d) researcher field notes.  I 

discuss each of these in turn. 

3.3.3.1  Video and audio recordings of focal students.  Each focal student 

was equipped with a wireless microphone connected to a high-definition digital 

camera operated by a member of the research team who shadowed the group during 
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the course of the visit.  While this was potentially more disruptive than positioning 

fixed cameras, it was necessary to capture the details of multimodal interaction.  

Where possible, I also positioned 1–2 additional fixed cameras and microphones to 

capture a wider perspective on the activity in the exhibition as a whole.  As a 

supplementary source of video and audio data, I collected, where possible, video or 

audio recordings of focal students as they were traveling between the school and the 

museum. 

3.3.3.2  Digital screen captures.  Several of the Math Moves! exhibits include 

computerized displays.  When possible, I collected a digital video screen capture of 

the activity on the display. 

3.3.3.3  Student artifacts.  I photocopied, photographed, or collected student-

produced notes, worksheets, and other artifacts created or used during the museum 

visit.  When possible, I asked the teacher to have the focal students use digital pens 

that recorded audio and inscriptions as they were produced in real time. 

3.3.3.4  Field notes.  My primary focus during the museum visit was to ensure 

the proper functioning of the video and audio recording equipment.  But when 

possible, I took both contemporaneous and retrospective field notes to capture 

immediate impressions and important events that were not likely to be otherwise 

recorded.  These consisted of (a) jottings made during the visit to record specific 

details, words, or events, particularly those unlikely to be recorded, and (b) a more 

elaborated written account made as soon as possible after the visit, which focused on 

participants’ meanings related to their engagement with the exhibition, details of 



 

 

130 

participant interactions, my overall impression of the field-trip visit, and possible 

additional avenues of research or data collection suggested by events from the field-

trip literature (Emerson et al., 2011). 

3.3.4  Interview Data 

I conducted a sequence of informal interviews with the teachers and focal 

students in order to provide greater interpretive contextualization to recorded 

interactional episodes, as well as to get a better sense of the individual students, 

teachers, and classroom culture.  I borrow the notion of informal interviewing from the 

ethnographic tradition.  In an informal interview, the researcher works to engage the 

participant(s) in a casual conversation that, on the one hand, proceeds like natural 

dialogue but, on the other hand, may be implicitly shaped by a set of questions or 

topics that the researcher has identified in advance (Fetterman, 2010).  I describe 

below a set of topics that were included in the interviews.  All interviews with teachers 

and students were video recorded. 

3.3.4.1  Teacher interviews.  I conducted two informal interviews with each 

of Ms. Barry and Ms. Collins, once before the classroom-preparation activity, and 

once after classroom follow-up.  During the first interview we discussed (a) the 

teacher’s professional biography; (b) past experiences and impressions of conducting 

or participating in school field trips; (c) goals, expectations, and agenda for the field 

trip; (d) school administrative policies, accountability expectations, and general 

cultural climate related to taking students on out-of-school excursions; and (e) 

everyday classroom routines. 
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A list of topics and questions for the second interview included (a) overall 

impressions of the field trip and classroom activities; (b) similarities and differences 

between this field-trip experience and other field trips the teacher had attended or 

organized; and (c) moments from the visit or classroom activities that felt particularly 

significant or memorable. 

3.3.4.2  Student interviews.  I conducted student interviews as informal group 

conversations among the focal students and myself a day or two after the field trips.  I 

interviewed the focal students in the same groups that they were in during the field 

trip.  Interviewing students in groups made it more difficult to ascertain individual 

perspectives that students may have been less likely to express in group settings; 

however, conducting group interviews was far more logistically feasible and also 

provided insight into the interactional and multimodal dynamics of remembering and 

imagining the visit (Bietti, 2010, 2011).  I anticipated that student interviews would 

touch on (a) students’ overall impression of the museum visit and classroom 

preparation and follow-up activities; (b) moments from the experience that felt 

particularly significant or memorable; and (c) perceived relationships between Math 

Moves! and current or past experiences in school mathematics.  As I describe in 

Chapters 7 and 8, during the interviews students seemed particularly eager to talk with 

me about whether or not Math Moves! could be regarded as genuinely mathematical, 

often bringing up variations on this concern at the first opportunity.  Because of this, 

the student interviews ended up also devoting significant time to discussing whether 



 

 

132 

and how Math Moves! exhibits — individually or as a suite — did or should count as 

mathematics. 

3.4  Data Analysis 

Faced with a large quantity of video data and expansively framed research 

questions, I went through several stages of organizing, sifting, and preparing the data 

for further analysis.  Then, to focus, refine, and address my research questions I 

developed an approach that involved an ongoing interplay between (a) inductive 

thematic analyses of the data as a whole, on the one hand, and (b) multimodal 

interaction analyses of select video episodes, on the other.  Relatively holistic thematic 

analyses allowed me to attend to issues and concerns that recurred, in various 

manifestations, across the data.  The goal of the interaction analyses was to pursue in 

greater depth how teachers and students were collectively building meaning through 

talk, gesture, and actions, in and with the socio-material environment.  While I 

describe each of these aspects of my analysis separately in this section, in practice they 

were closely intertwined with one another.  Following thematic threads through the 

data as a whole guided my selection of micro-analytic case studies; these close 

multimodal analyses, in turn, helped me refine my thinking about the themes I was 

pursuing.  In this section, I elaborate on each phase of the work practices I used — or, 

more accurately, learned, crafted, and adapted — that led to the interpretations I share 

in Chapters 4–8. 
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3.4.1  Data Preparation and Preliminary Analysis 

To begin sorting through my data I constructed what Jordan and Henderson 

(1995) call a content log, a rough summary of the recorded events.  As the authors 

recommend, I constructed content logs as soon after data collection as time permitted, 

2–3 weeks.  This allowed me to supplement the logs with relatively recent 

recollections of relevant additional contextualizing information that I gathered while 

in the field, and also helped inform how I conducted the follow-up interviews.  For 

data collected in the classroom and on the school bus, content logs were based on 

footage from a whole-class camera and supplemented by additional video or audio 

records when necessary.  If classroom activities involved group work, I made 

individual content logs for groups including focal students.  For data collected in the 

museum, I made content logs for each focal group based on the handheld camera 

shadowing them and supplemented by additional audio, video, or digital records as 

needed.  Finally, I also constructed content logs of interviews with teachers and 

students as soon as possible after I conducted them. 

Using the content logs, I then sifted through the data to identify, respectively, 

instances of (a) exhibit engagement in the museum, and (b) remembering and 

imagining the exhibition in the classroom.  With respect to exhibit engagement, I 

remind the reader that I understood this to include moments in which students (a) 

interacted with — that is, acted on and reciprocally responded to — the exhibits, alone 

or in concert with co-participants, and (b) had in-museum conversations that were 

about or instigated by an exhibit.  What are not included in this construal were, for 



 

 

134 

example, non-reciprocal modes of acting on the exhibits (i.e. kicking or leaning 

against an exhibit), or conversations that did not demonstrably pertain to, or were not 

instigated by, an interaction with an exhibit (i.e. a discussion about what they were 

going to have for lunch that was not observably prompted by an exhibit).  With respect 

to remembering and imagining, I remind the reader that I understood these to include, 

respectively, moments in which participants in the classroom (a) evoked exhibit 

materials and events that were understood as belonging to the past, and (b) brought to 

quasi-presence exhibit materials and events that were physically absent, hypothetical, 

or yet-to-be.  For instance, any classroom activity in which participants were not 

talking about actual or hypothetical elements of a visit to Math Moves! were not 

included as foci of further analyses. 

I have resisted referring to this phase using the common terminology of ‘data 

reduction’ (e.g., Miles & Huberman, 1994) because the term ‘reduction’ seems, to me, 

to connote an extrication and erasure that poorly characterize my actual work 

practices.  Instead, this initial phase provided me with a collection of video records on 

which to focus, along with a broader contextualizing background of other events and 

unfoldings in which they were embedded.  Thus, I did not focus explicitly on, say, the 

video and observations I collected of typical mathematics-classroom lessons.  

However, these records and experiences nonetheless informed my thinking — with 

varying degrees of explicitness — about instances of engaging with, imagining, and 

remembering the exhibits. 
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3.4.2  Data Focusing and Messwork 

After completing this initial phase of organizing the data and identifying 

instances in the video record on which I wanted to concentrate my analyses, I engaged 

in a longer, more-intensive process of data focusing.  During this phase, I reviewed all 

the video records of instances of engaging with, imagining, and remembering the 

exhibits, making notes in the content log of the many aspects of these instances that 

seemed interesting, relevant, unusual, or, alternatively, recurrent.  This initial pass was 

similar, in some respects, to what grounded theorists describe as open and axial coding 

(Corbin & Strauss, 2008).  In particular, like open and axial coding, my process was 

(a) inductive, meaning that interesting motifs emerged from the data rather than from a 

pre-determined set of categories; (b) grounded, meaning I tried to stay close to and 

immersed in the video records and accompanying data; (c) interpretive, meaning that I 

brought my own sense-making, impressions, history, and emergent ethics into 

dialogue with the data; and (d) reflexive, meaning that I attempted to be cognizant of 

my own participation in this interpretive dialogue.  However, rather than ‘categories’ 

and ‘codes,’ I prefer to use the language and imagery of ‘themes’ and ‘threads,’ 

simply because following interpretive threads through the data feels like a more honest 

and holistic metaphor for my work practices than does “breaking data apart and 

delineating concepts” (Corbin & Strauss, 2008, p. 195).  What emerged, then, was a 

provisional, messy (Law, 2004) meshwork (Ingold, 2011) of many threads, and many 

possibilities to pursue analytically. 
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I spent time immersed in this ‘messwork,’ trying on different ways of drawing 

or mapping it with the data (Figure 3.1). 

   

Figure 3.1.  Multiple maps of analytic messwork.  The left is a sample of spatial maps I created 
for student pathways through Math Moves!, annotated with quotes and indicators of moments of 

interest.  The middle is a sample of a color-coded tabulation of exhibit engagements I created in order to 
try to get a different kind of holistic view of student time in the exhibition.  The tabulation was also 

annotated with different emergent interpretive threads.  On the right is a section of a map I drew of the 
themes by themselves, along with their potential interconnections with one another. 

 

As I began to flesh out, draw, and map threads to follow, some of them organically 

began to intertwine with one another, like wool being spun into yarn.  I started to 

make note of instances in the video data that appeared to have something in common, 

or, alternatively, contrasted with one another in interesting ways, sometimes pausing 

to juxtapose two instances in order to think about them together.  In this manner, I 

worked to identify core themes that I saw recurrently across the data, finding a dozen 

or so interpretive cords into which many threads seemed to intertwine.  These 

included, for example, the different ways in which parent chaperones shaped exhibit 

engagements with their own and other children, or how students at the peripheries of 

exhibits interacted with students using them more directly. 

At this point I drew others into my analytic process.  I had follow-up phone 

conversations with Ms. Collins and Ms. Barry in which I shared and sought feedback 
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on the interpretive cords I was weaving, discovering that some resonated with their 

own experiences more than others.  I discussed some of these ideas with evaluation 

staff and educators at SMM.  I also shared these cords with academic mentors and 

colleagues, and sought feedback during conference presentations of this work as it was 

in progress. 

Out of these conversations and further reflection on the messwork, I selected 

two major themes to pursue further.  I based this selection primarily on (a) the 

relatively large sets of threads these overarching themes appeared to encompass, (b) a 

sense that these themes were of shared relevance to the participants in my study and 

myself, and (c) my sense of the potential of these themes to contribute to relevant 

scholarly and practical literatures.  In addition, although there were many relevant 

differences across schools, classrooms, and students, I chose to focus my analysis on 

cross-cutting themes that surfaced across all the data, leaving for future research 

analyses with a more comparative intent. 

The first of the two major themes I chose to pursue deals with the myriad ways 

in which teachers and students brought experiences with Math Moves! exhibits into 

relation with ongoing participation in school mathematics, and is the focus of Chapters 

4 and 5.  The second of these themes attends to the ways in which the school field trips 

to Math Moves! appeared to destabilize working assumptions about the nature of 

mathematics, opening up the question for the participants of whether and how the 

exhibition should count as mathematics.  The results of following this theme through 

the data are the subject of Chapters 7 and 8.  I saw both of these themes threading 
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through instances of engagement, imagining, and remembering the exhibits.  Because 

of this, my analysis gradually came to be more organized around these two foci than 

by this project’s originating research questions, and the chapters in which I share my 

interpretive findings (Chapters 4–8) reflect that evolution. 

3.4.3  Multimodal Interaction Analysis 

Once I had identified these two focal themes, I analyzed more closely the 

relatively smaller collection of instances in the data in which these themes appeared to 

surface.  I further narrowed my selection of video episodes based on a few additional 

criteria.  First, I gave preference to episodes in the classroom or in the museum that 

the students and teachers indicated during supplementary interviews as particularly 

significant, noteworthy, or memorable from their point of view.  Second, when 

possible, I analyzed data that appeared to be temporally linked across the classroom 

and museum settings, for example if a recorded episode of exhibit engagement made 

reference to an event recorded during classroom preparation or was remembered 

during classroom follow-up.  Finally, my selections prioritized segments of audio and 

video recordings that captured a relatively rich and complete store of multimodal 

activity.  In other words, I gave lower priority to episodes in which participants’ 

behavior was difficult to observe or the recording was incomplete. 

At this point I incorporated techniques from multimodal interaction analysis to 

explore further the select video episodes in relation to the thematic threads I was 

following.  Interaction analysis is a multidisciplinary and evolving set of methods for 

investigating how people use talk, embodied action, and the material environment to 
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shape and make sense of the lived world (Jordan & Henderson, 1995).  The present 

study shares with many practitioners of interaction analysis a general theoretical 

commitment that locates learning and sense-making in cultural-materially mediated 

social practices that include both verbal and nonverbal interaction.  Because of this, 

different forms of interaction analysis are often used by educational researchers 

working with various strands of embodied (e.g., Nemirovsky et al., 2012; Noble, 

DiMattia, Nemirovsky, & Barros, 2006; Noble, Nemirovsky, Dimattia, & Wright, 

2004), distributed (e.g., Hall et al., 2002), situated (e.g., Hall, 1996), and cultural-

historical (e.g., Leander, 2002a) perspectives on cognition.  Generally speaking, I used 

interaction analysis to develop a nuanced, moment-to-moment understanding of 

participants’ interactions over repeat viewings of a selected video record with attention 

to talk; paralinguistic features such as rhythm and prosody; embodied action such as 

gesture, eye movement, and postural adjustment; and manipulation of, or action on, 

the material environment. 

As an evolving, heterogeneous set of techniques and dispositions, it seems that 

there are as many variants of interaction analysis as there are practitioners.  And, while 

the scholarly landscape of interaction analysis has been shifting over the past decades, 

so too was I developing my own approach to it as a researcher-in-the-making over the 

course of this project.  A couple of orientations and influences — some more orthodox 

to interaction analysis than others — inflected the approach I took in this project.  

First, with ethnomethodology — a mid-century branch of sociology originally 

developed by Harold Garfinkel — I shared an emphasis on the intelligibility of local 
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social conduct, viewed as an interpretive process of collective and observable sense-

making (Garfinkel, 1967; Heritage, 1984).  There are many things I did not share with 

the ethnomethodological tradition, such as a preoccupation with problems of social 

order.  I did take from this literature the idea that, in the course of social interaction, 

participants are constantly acting so as to both shape and display an understanding of 

the evolving circumstances of their activity.  This further entails that, in making 

observable to one another their ongoing understandings of the momentary contexts of 

their collective activity, participants are simultaneously making those understandings 

available — of course, in ways that are subject to interpretation — to the analyst.  In 

the words of McDermott, Gospodinoff, and Aron (1978), 

We can use the ways members have of making clear to each other and 
to themselves what is going on to locate to our own satisfaction an 
account of what it is that they are doing with each other.  In fact, the 
ways they have of making clear to each other what they are doing are 
identical to the criteria which we use to locate ethnographically what 
they are doing (p. 247). 
 

In my reading, this idea is methodologically consequential because it opens up an 

alternative to familiar cognitive research models that rely on massively inferential 

processes geared toward unearthing or modeling presumably private, internal mental 

contents or events. 

My approach to interaction analysis was also influenced by aspects of 

conversation analysis, an empirical program in the study of talk-in-interaction that has 

roots in ethnomethodology (Goodwin & Heritage, 1990; Heritage, 2001).  First, I 

share with conversation analysts the perspective that researchers can develop rich and 

nuanced understandings of the intelligibility of social conduct through close analyses 
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of records of social exchange.  Moreover, like conversation analyses, my interaction 

analyses were oriented to the temporal nature of interaction, that is, to the fact that any 

participant’s action is always produced in light of, and in response to, the events that 

preceded it, while simultaneously projecting, modifying, or updating a field of 

relevant next actions (Goodwin, 2002).  This resonated well with some of my own 

prior co-authored work in which we characterized multimodal micro-analysis in terms 

of lived time (Nemirovsky, Kelton, & Rhodehamel, 2013).  Because the framing of 

my research questions involved a construal of engagement, remembering, and 

imagining as processes of embodied interaction in situ, I was particularly influenced 

by later work growing out of conversation analysis that attends more thoroughly to 

nonverbal and situated aspects of interaction (e.g., Goodwin, 1994; C. Goodwin, 2007; 

Heath & vom Lehn, 2004; Ochs, Gonzales, & Jacoby, 1996; vom Lehn, Heath, & 

Hindmarsh, 2001).  There were many things I did not share with traditional 

conversation analysis, however, such as a concern with identifying broad-scale 

regularities in human conduct writ large and what I see as a more technical aesthetic. 

I am still ascertaining my own points of resonance and dissonance with 

ethnomethodology and conversation analysis in my research practices.  In this project, 

there are a few critical departures I took from these approaches, especially their more 

traditional articulations.  First, I did not adhere to more orthodox  conversation-

analytic injunctions to restrict the analytic purview to only those aspects of an 

interactional context that are demonstrably, or provably, relevant to the participants 

(Schegloff, 1997).  Instead, I complemented a focus on micro-social phenomena with 
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a relatively more holistic engagement with the contextualization of local interaction 

against a broader set of cultural, historical, or institutional concerns (Fetterman, 2010).  

Mehus (2011) described this as taking an ecological approach that “involves 

considering the embeddedness of the local scene in social systems extending beyond 

the interaction” (p. 123).  In my analyses it mattered, for example, that Ms. Barry had 

known her 7th-grade student Catie for over a year, that Catie had a history of 

struggling mathematically and socially at Maple, and that Ms. Barry, in turn, wrestled 

with how leading she should be in her teaching exchanges with Catie (see Section 

4.4). 

Second, the holistic sense in which I tried to approach embodiment in this 

project (Section 2.4) entails that I view attention to collective, multimodal sense-

making as, simultaneously, a practice of working to understand participants’ lived 

experience.  Interaction analysis for me meant, then, an effort to understand what 

interactants feel or undergo in terms of body-based perception, action, imagination, 

and affect.  Importantly, I do not consider this departure from ethnomethodology and 

conversation analysis to amount to a return to ‘interior’ or ‘private’ experience.  

Instead I am persuaded by the idea, roughly, that embodiment entails a different 

ontology of experience in which the dichotomy between experience and expression 

breaks down.  From this standpoint, I consider my analytic ‘access’ to interactants’ 

perceptuomotor, imaginative, and affective experience to be different in kind from 

their own, rather than in degree (Overgaard, 2007; Zahavi, 2008).  In practice, this 

meant that, in developing close accounts of how participants engaged in collective 
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meaning making, I attended to interaction not only as multimodal but also 

multisensory (Streeck, 2013), tracing, for example, both the feeling and the semiotic 

properties of a gesture. 

My practice of conducting an interaction analysis of a select video episode 

typically would begin by determining bounds on the interaction.  While I have already 

described how I selected cases from the data, methodological writings in conversation 

and interaction analysis offer additional guidelines for choosing beginning and end 

points for a sequence.  Specifically, researchers in this and related areas have noted 

that interactions typically have boundaries or junctures that are recognized and 

negotiated by the participants through both talk and non-verbal action (Jordan & 

Henderson, 1995; Pomerantz & Fehr, 2011).  To bound an interaction, then, I looked 

for both verbal and embodied cues that marked an activity as beginning, ending, or 

transitioning, such as a major change in bodily positioning like arriving at an exhibit.  

Sometimes I found that I had excluded important preceding or subsequent events and 

would, consequently, widen the bounds on the interaction I was analyzing.  At other 

times, over the course of the analysis, a small sub-segment would emerge as 

particularly rich or informative, and I would refocus my analyses on this smaller 

segment.  This leant the grain size of my interaction analyses a flexible variation that I 

allowed to be responsive to my emerging interpretations.  As a result, the micro-

analytic case studies feel to me much like a walk through a museum exhibition; at 

some ‘exhibits’ I stay only a few moments, probing the overall gestalt while, at others, 

I linger, attending to even the seemingly smallest of details.  After bounding an 
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interaction, I created a provisional verbal transcription of talk and notable 

paralinguistic features — such as volume or pitch changes — within a video-

annotation software product called Elan (https://tla.mpi.nl/tools/tla-tools/elan/). 

Then, over the course of multiple repeat viewings of the video, I would add 

additional annotations to demarcate other verbal or nonverbal behaviors that emerged 

as relevant to the major theme I was exploring through that episode.  Through multiple 

close viewings of the video record, accompanied by an iteratively refined set of video 

annotations, I worked to develop a rich, interpretive account of how participants were 

using talk and situated action to build meaning.  Repeated viewings were analytically 

cumulative in the sense that with each viewing I was working towards a deeper and 

more refined interpretation of the interaction.  While at times I viewed the record in its 

entirety in order to maintain a holistic sense of what it was the participants were doing, 

many analysis sessions were devoted to viewing the video slowly and progressively, 

pausing the record to examine interactional moments that emerged as particularly 

fruitful with respect to the major thematic thread I was following in that episode.  In 

the process of conducting multimodal interaction analyses I, in turn, refined how I 

thought about and characterized this thematic thread so that, in practice, I continually 

moved back and forth between close microanalyses and relatively holistic 

considerations of the data and messwork as a whole. 

3.5  Quality of Results 

Contemporary discussions about the reliability, validity, and generalizability of 

qualitative research are deeply imbricated with — whether self-professedly or not — 
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longstanding and complex epistemological, ontological, and political debates about the 

nature of social science, the phenomena it studies, and the extent of its overlap with 

so-called “hard” sciences (Law, 2004).  While these issues alone are worthy of 

extensive treatment, I limit myself here to a discussion of how I pursued validity, 

reliability, and generalizability in this project, in a way that accords with re-

conceptualizations of these core notions offered by scholarship in qualitative research 

methods. 

3.5.1  Validity 

Longstanding definitions of validity stemming from the culture of Western 

science tend to understand this as the degree of fidelity between the results and a 

presumed objectively knowable reality.  Within the post-positivist zeitgeist currently 

inflecting discourses on social-science methods, however, researchers are looking 

towards alternative conceptualizations for validity that are better suited to qualitative 

research (Maxwell, 2005; Merriam, 2009).  In this study I aimed to achieve what 

qualitative-research scholarship refers to varyingly as fit (Corbin & Strauss, 2008) and 

consistency (Lincoln & Guba, 1985).  This meant that I made an ongoing effort to 

assure that my emerging interpretations made sensible, substantive, and continuous 

contact with my data.  During both holistic thematic and micro-analytic interpretations 

of the data, I attempted to stay immersed in the empirical records, constantly 

juxtaposing emergent interpretations with recorded events, field notes, and other 

documentation. 
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I collected and analyzed rich data that included intensive video and audio 

recordings of classroom and museum events as well as student and teacher interviews, 

digital screen and pen recordings, field notes, and student and teacher artifacts 

(Maxwell, 2005).  Because these data provided multiple different kinds of information 

together, they served to triangulate emerging findings, for example, by allowing me to 

juxtapose recorded events in the museum with participant accounts provided during 

interviews (Maxwell, 2005; Merriam, 2009).  Finally, some qualitative-research 

scholars recommend purposefully seeking variability in the phenomenon under 

investigation in order to maximize the possibility that the data collected will challenge 

existing expectations (Merriam, 2009).  My data collection and analysis methods 

pursued variability by (a) recruiting participants from different types of school 

institutions representing a range of grade and ability levels, and (b) focusing data 

collection on students representing a wide range of expected participation. 

3.5.2  Reliability 

While traditional construals of reliability tend to equate this with replicability, 

scholars note that qualitative research on complex, ever-changing human phenomena 

requires an alternative.  While some have advocated jettisoning the notion altogether, 

others suggest recasting reliability as the process of assuring that emerging findings 

are sensible to others who have access to the empirical materials (Merriam, 2009).  In 

pursuit of this kind of sensibility, I shared my emerging interpretations and solicited 

feedback from multiple others:  the participating teachers, museum professionals at 

SMM, academic mentors and colleagues, and wider communities of mathematics-
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education researchers and learning scientists at professional conferences.  I also 

organized — albeit less frequently than I had initially planned or hoped for — group-

analysis sessions with members of my local research team. 

3.5.3  Generalizability 

In this project I pursued depth of information rather than quantity of 

participants.  Because of this, my interpretations are all necessarily rooted in the 

particular field trips I accompanied with North Lake and Maple teachers and students.  

Moreover, a potential concern about interaction analysis is that microanalytic case 

studies — by dint of their modest size and number along with their thorough 

enmeshment in the innumerable contingencies and specificities of social life — lack 

generalizability to the broader class of phenomena to which they belong.  Scholars of 

case-based qualitative research have countered these worries in a number of ways.  

Some argue that well-worn claims about the limits of case extrapolation 

inappropriately naturalize a notion of generalizability in terms of statistical 

generalization, that is, in terms of a presumed relation between the case study and the 

phenomenon of interest as that of sample to population (Yin, 2009).  Others critique 

the assertion that the generalizability of a case study inheres in the extent to which its 

results can be lifted from its particulars, arguing that this assumption smuggles in an 

unwarranted equivalence between knowledge production and decontextualization 

(Flyvbjerg, 2006). 

Advocates of case-study methods often argue for understanding their 

generalizability in terms of analytic generalization, the process by which “a 
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previously developed theory is used as a template with which to compare the empirical 

results of the case study” (Yin, 2009, p. 38).  In pursuit of this form of generalization, 

I have always attempted to understand an interaction in terms of the broader set of 

theoretical and practical concerns that informed and motivated the study as a whole 

(see Chapter 2). 

I add to this a final working philosophy on the issue of case-study 

generalizability that, while being less codified in the qualitative-research literature 

with which I am familiar, undergirds this study.  It is a philosophy that bases 

generalization not in the identification, extraction, and mobilization of universals, but 

rather in crafting empirically vivid and analytically nuanced accounts of real-world 

events.  Moreover, these accounts are able to provide novel and powerful ways of 

seeing precisely because there is an effort to present them in their messy and 

contingent complexity.  I consider my own work to be successful in this regard to the 

extent that I have been able to develop rich and interpretively sophisticated images 

that open up — always in modest and non-deterministic ways — new, more creative, 

and more humane visions of what it might mean to learn and do mathematics. 
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CHAPTER 4 

Schooling Math Moves!:  Classroom-Based Norms, Vocabularies, and Practices 

for Engaging with, Imagining, and Remembering Exhibits 

 

4.1  Overview of Chapters 4-8 

In this and the following four chapters (Chapters 4-8), I share a collection of 

interpretations and case analyses organized around major themes that recurrently 

emerged in the process of this study.  The chapters result from my own struggle, over 

the course of this project, to follow two impetuses I had with respect to my own 

emergent ways of working.  On the one hand, I felt compelled to remain with the 

complexity of the events I observed and took part in, to describe the irreducible 

richness of the interactions, and to allow for mess (Law, 2004).  At the same time, I 

sought interpretive threads that appeared to weave through — without containing — 

the mess, to follow curiosities and concerns that persistently arose for the participants 

as well as for myself. 

Each of these five chapters, then, follows a particular thematic thread across 

the data, threads I traced through the multiple sites in which I spent my time.  Rather 

than pertaining individually to each of this project’s overarching research questions, I 

saw these threads as traversing across instances of engaging with, imagining, and 

remembering Math Moves! exhibits.  In light of this, the chapters are organized by 

these refined foci rather than by the originating research questions. 
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For the most part, I made an effort to remain close to the video record, to 

develop rich, interpretive descriptions of the data drawn on in these five chapters.  

Interspersed throughout these accounts, however, are moments in which I bring a 

more evaluative lens to the work.  Importantly, this does not mean, for me, that I 

juxtapose observations against a fixed set of criteria or desiderata.  Rather, following 

Nemirovsky, DiMattia, Ribeiro, and Lara-Meloy (2005), taking an evaluative lens 

meant working with the data to develop and reflect on my own emerging ethics related 

to this work as well as to imagine alternative or hypothetical scenarios. 

Chapters 4 and 5 take up the issue of how North Lake and Maple teachers and 

students brought Math Moves! exhibits into relation with ongoing participation in 

school mathematics.  In the present Chapter 4, I investigate the ways in which field-

trip interactions schooled Math Moves!.  That is, I explore how teachers and students 

brought classroom norms, practices, and categories to bear on the ways in which they 

engaged with, imagined, and remembered the exhibits, always in ways that were 

ineluctably grounded in the particularities of schooling and mathematics at North Lake 

and Maple.  In Chapter 5, I trace how participants stitched Math Moves! exhibits into 

school time, both on the museum floor and in the classroom.  To do this, I examine the 

numerous ways in which museum and classroom interactions temporally situated 

exhibit experiences with respect to past and future events in North Lake and Maple 

mathematics. 

Both Chapters 4 and 5, then, deal with the important topic of how a seemingly 

bounded encounter with an exhibit becomes entangled with other places and times, in 
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this case, with school mathematics.  The subject of Chapter 6 is a different kind of 

entanglement between Math Moves! and the mathematics classrooms of North Lake 

and Maple.  Tracing a contrapuntal dynamic to that explored in Chapters 4 and 5, in 

Chapter 6, I describe the ways in which the field trips moved school math, again, 

always in ways that were specific to the particular classrooms and schools that 

participated in this study.  I touch on the disruptions the field trips posed to business as 

usual at North Lake and Maple, then look even more closely at the subtle and 

ephemeral ways I saw the design and pedagogy of Math Moves! leaking into Ms. 

Collins’ and Ms. Barry’s mathematics classrooms. 

As a short interlude, Chapter 6 is a kind of bridge between Chapters 4 and 5, 

on the one hand, and Chapters 7 and 8 on the other.  If Chapters 4 and 5 are primarily 

about entanglement and interconnection, Chapters 7 and 8 address rupture and 

contradiction.  Chapter 7 shares a transformation in my own thinking about the nature 

and educative potential of Math Moves! resulting from this work.  Drawing on 

analyses of museum, classroom, and interview data, I suggest that field trips to Math 

Moves! created an educational context that functioned to desettle (Bang, Warren, 

Rosebery, & Medin, 2012) mathematics for the teachers and students of North Lake 

and Maple by confronting received boundaries for mathematical sense-making.  In 

Chapter 8, I attend to the work of participants to make sense of the exhibition’s 

desettling pedagogy, exploring different ways in which they tried to find out, see, or 

feel mathematics in Math Moves!. 
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4.2  Introduction:  Are you making any connections? 

Ms. Collins darts energetically around Math Moves!, striking up short 

conversations with student pairs at various exhibits.  “I’m waiting for glass to 

shatter!,” she exclaims as she passes by Michael and Victor, who are delighting in the 

loud, high pitches they have created with Sensing Ratios.  She pauses at Balance and 

Imbalance to tell two students that they’ll get to learn more about this exhibit when 

they get to their science unit on levers and pulleys.  “What does this remind you of?” 

she asks Stella, pointing to the graphical display at Partner Motion.  Crouching down 

at Comparing Frequencies, she asks Crystal and Rhonda, “are you making any 

connections?”  Illustrating some potential connections, she asks the pair to remember 

riding bicycles with small wheels when they were younger, to think about running on 

a track in their physical education class, and to recall the previous day’s classroom 

preparation activities.  At Shadow Fractions, she asks a group of 5th graders, “Does 

this remind you of something Ms. Kelland [a North Lake art teacher] would talk 

about?”  The question sparks a conversation about “how you draw things that are far 

away in art.”  Ms. Collins seems, to me, to be working hard to spin threads that 

interweave the exhibits with Ms. Kelland’s art classes, riding small-wheeled bicycles 

in early childhood, yesterday’s mathematics class activities, and cartoon-like images 

of shattering glass. 

Like Ms. Collins, researchers and practitioners in museum-based education are 

pervasively concerned with the question of whether and how a seemingly ephemeral 

encounter with an exhibit might entangle with other elements of a visitor’s life, at 
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school or elsewhere, a concern I reviewed in Chapter 2 in relation to the literature on 

school field trips (Section 2.2).  Over the course of my work with the North Lake and 

Maple field trips, it became apparent that a version of this concern was also at play for 

the participants themselves, and especially the teachers.  That is, in moving between 

the mathematics classroom and the museum, I saw teachers and students engaging in 

significant interactional work to bring Math Moves! exhibits into relation with 

ongoing participation in school mathematics.  Far from the disjointed, anomalous 

events I sometimes imagined based on the literature (e.g. Griffin & Symington, 1997) 

and my own conversations with museum practitioners, attending to the details of 

actual situated interactions in the museum and at North Lake and Maple revealed a 

rich and heterogeneous web of connective threads spun by the participants. 

In this chapter and the next, I trace some of these threads and the interactional 

work of spinning them, particularly those that appeared to entangle the exhibition and 

schooling at North Lake and Maple1.  Both during exhibit engagements at the 

museum, as well as back in the classroom, I examine how North Lake and Maple 

teachers put the exhibition into relation with ongoing participation in school 

mathematics.  In this chapter I focus on how school-group visitors to Math Moves! 

drew on school and classroom norms, classroom mathematical practices, and shared 

classroom categories and vocabularies, in order to make sense of the exhibits, both 

during actual engagements on the museum floor as well as when imagining and 

remembering the exhibits back in the classroom.  In the next chapter (Chapter 5), I 
                                                
1Teachers and students also established a rich set of interconnections among the exhibits and 

other out-of-school venues from everyday life, extracurricular activities, and popular culture.  I have not 
addressed these in this dissertation for the sake of scope. 
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share different ways in which teachers and students temporally situated Math Moves! 

with respect to past, present, and future activities in school mathematics. 

In practical and scholarly discourses about education, schools, and curriculum, 

schooling and school mathematics evoke a complex diversity of images and meanings, 

all of which are necessarily imbricated with notions of class, race, gender, and politics 

(e.g., Nespor, 1997).  While broadly motivated by a care for the intersections between 

museum- and school-based mathematics writ large, the analyses in this and the next 

chapter (Chapter 5) are ineluctably rooted in the specificities of life in Ms. Collins’ 

and Ms. Barry’s classrooms at North Lake and Maple respectively.  In other words, in 

this and the next chapter I do not aim to examine the imposition of a general, typical, 

hegemonic, or stereotypical school, classroom culture, or mathematics curriculum on 

experiences with the exhibition.  Instead, I understand schooling Math Moves! to 

encompass local, interactional processes by which Ms. Collins, Ms. Barry, and their 

students create connections and resonances between the exhibition and their own 

situated classroom activities at North Lake and Maple.  Similarly, Chapter 6’s analysis 

of moving school math attends not to a transformation in school-based mathematics 

globally construed, but rather to local instances in which field trips to Math Moves! 

appeared to shift materials and architectures of classroom life in ways that were 

specific to Ms. Collins’ and Ms. Barry’s pre-algebra classrooms at North Lake and 

Maple.   
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4.3  School and Classroom Norms 

In some ways, field trips to Math Moves! were sites for the continuation of 

North Lake and Maple school and classroom culture2.  Indeed, teachers and students 

repeatedly brought school and classroom norms to bear on the ways in which they 

engaged with, imagined, and remembered Math Moves! exhibits.  For example, on the 

day before the field trip, Ms. Barry emphasized to her 6th- and 7th-graders that their 

time in the museum was part of their schoolwork, taking care to distinguish this from a 

more casual or exploratory visit.  She reminded them that these activities would count 

as a test grade, then explained the criteria she would be using to score them, walking 

them point-by-point through an assessment rubric for their exhibit worksheets and 

subsequent classroom presentations.  In doing this, Ms. Barry made clear how the time 

spent in the museum would be incorporated into mathematics assessment at Maple, 

functioning to integrate the excursion into the routines of the classroom.  Then, turning 

the conversation to museum etiquette, she reminded her students that they would be 

“representing Maple Catholic Middle School” and should engage in the “same 

behavior that you would do at school.”  For instance, the students would need to wear 

their school uniforms or relinquish a difficult-to-come-by pass in order to spend the 

day in plain clothes (no student took the latter option). 

While Ms. Collins chose not to assess her students in a way that would be 

consequential for their grades, she did integrate the field trips into the class’s normal 

homework routines.  She assigned her students at-home follow-up projects to present 

                                                
2They were also sites for its disruption, a topic I take up directly in Chapter 6 and, indirectly, 

in Chapters 7 and 8. 
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in class two days after the museum visit, writing this down on a section of the board 

usually dedicated to the page and problem numbers assigned daily from their 

mathematics textbook. 

Incorporating the museum visit into routines of classroom assessment and 

homework appeared to shape the ways students engaged with, remembered, and 

imagined Math Moves! exhibits in several ways.  First, students (especially from 

Maple) had remarkably long and in-depth engagements with the exhibits to which they 

were assigned.  In some cases, students spent over a half hour at a single exhibit, 

pursuing multiple connected lines of inquiry and persisting in the face of puzzlement.  

One student, North Lake 5th-grader Cole, insisted on remaining at Sensing Ratios until 

he understood — and could record on his worksheet — how to double all three 

dimensions of a 3D shape.  His engagement persisted even when his mother, who was 

chaperoning the trip, appeared to lose interest and suggested they move on. 

At the same time, for both Maple and North Lake, assessment and homework 

also meant a fairly crisp division between work and play from the perspective of the 

students, with the former ultimately valued over the latter.  Students typically made 

clear delineations about whether they were working or playing with the exhibits (see 

section 5.4).  Moreover, they often subtly discounted their own playful encounters 

through meta-commentary during the engagement (e.g., “we’re just playing around”) 

or in the classroom later (e.g., “we really didn’t do anything there”). 

And, while Ms. Collins’ 5th-grade students would not be earning a test grade 

for the field trip, one of them nonetheless imagined it when, in his follow-up 
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classroom presentation, he made the astonishing suggestion that the exhibition should 

include a test.  He quickly added that the test would determine which exhibit visitors 

liked the most, blending, as I saw it, the testing practices at North Lake with the 

museum’s institutionalized emphasis on fun and enjoyment.  In other words, as he 

remembered the exhibition in his class presentation, he hypothetically transformed it 

through the application of school assessment norms.  This, in turn, led to an imaginary 

contrapuntal modification to this norm in which the assessment’s subject would be 

feelings of enjoyment and preference, rather than, say, the integer arithmetic that was 

currently part of the class’s day-to-day tests and quizzes. 

North Lake 5th-grader Crystal, too, imaginatively longed to revise the 

exhibition in terms of classroom norms of instruction.  During a typical mathematics 

class, Ms. Collins routinely provided extensive directions, often walking students step-

by-step through problem-solving procedures.  Each day, she would state and write on 

the board the day’s learning objectives in both math and science, returning to this 

language repeatedly throughout the lesson.  For instance, when the class was working 

on adding integers, the phrase, “adding integers,” was written on the board and Ms. 

Collins would return to the phrase “adding integers” several times during the lesson.  

Typically, mathematical applications to “the real world” were pointed out explicitly, 

through assigned applications problems and daily readings in “math magazines” that 

dealt exclusively with the “real-world” utility of mathematics. 

In contrast, in the spirit of keeping the exhibition open-ended, the designers of 

Math Moves! had left it text-sparse, relying on open questions and minimal direction.  
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Photographic images pepper the exhibition to suggest — without scripting — potential 

experiential analogues to the exhibits in everyday life.  In the context of the field trips, 

the exhibition’s text-sparse design and implicit — but unstated — quotidian relevance, 

sometimes frustrated students, leading Ms. Collins to reflect in an interview that 

schools had “created text-needy children.”  Thus, when Crystal came to the front of 

the class on the second day of classroom follow-up, her presentation contained a 

sequence of three injunctions for improving Sensing Ratios: 

Crystal3: explain when we use this in a- like a real life scenario and 
why?…what IS a ratio? (0.2) cuz some kids might not know 
what a ratio is (0.4) and exPLAIN like what a ratio 
is…explain more about what (.) we’re trying to do in this 
ictac- activity and why 

 
Correction was another important routine practice in the North Lake 

mathematics classrooms.  A typical class session would begin with Ms. Collins 

requesting that students take out their “correcting pens.”  Students would then mark 

their solutions to the previous night’s homework as correct or incorrect as Ms. Collins 

scrolled through the solutions displayed on the smart board, pausing to talk through 

the occasional tricky problem.  While solutions to classroom and homework problems 

tended to be right or wrong, the field-trip worksheets posed, by design, relatively open 

questions permitting a wide array of potentially appropriate responses.  For example, 

the first two questions posed by the worksheet for Sensing Ratios were: 

                                                
3 Appendix C contains a listing of transcription conventions used in Chapters 4-8. 
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Where do you put the knobs to make the sounds the 

same?____________________________________ 

Find another spot. __________________________ 

From a disciplinary/designer perspective, there are infinitely many potential answers 

to each of these questions; as long as each of the two knobs is in the same location 

along its respective track, the two speakers should emit the same pitch. 

On the day following the field trip, 5th-graders Crystal, Rhonda, Caesar, and 

Finnegan were working through their group task, constructing a table to represent 

“similar and different ideas” about each of the exhibits to which they had been 

assigned (see Section 3.2.4).  The group took up the task of finding these similarities 

and differences by comparing their written responses to the worksheet prompts.  

Taking up the above questions for Sensing Ratios, Crystal and Rhonda reported that 

the sounds were the same “at one eighth” as well as at “one whole.”  Based on my 

review of the pair’s museum footage, they were using this fractions-based language to 

describe locations along the eight frets marking the exhibit’s sliders, with “one eighth” 

referring to placing both knobs at the first fret and “one whole” indicating both knobs 

at the eighth fret.  In other words, they thought of the sliders as being subdivided by 

the frets into eight parts. 

Caesar, however, reported “eight point ‘o’” (8.0) in response to the first 

question, setting up a comparison between numerical answers akin to the kind of 

comparison involved in correcting homework problems.  While I did not record 

Caesar’s and Finnegan’s museum visit, I speculate that Caesar was thinking of each 
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fret corresponding to a whole or some variation of that.  Bidding to reconcile this 

apparent discrepancy, Caesar suggested to Rhonda, “well that’s just like the same 

thing.”  Rhonda, unconvinced, responded, “not really,” adding, “eight point ‘o’ is 

eight.”  Caesar, claiming that the response “wasn’t supposed to be a fraction,” turned 

to Finnegan and said audibly, “they did it wrong Finnegan we did it right.”  Rhonda 

chimed in, “we just gotta share our ideas how we got it it doesn’t matter who’s wrong 

or right,” diffusing the mounting tension while continuing to reinforce the assumption 

of there being “wrong or right” answers. 

North Lake 5th-graders Katie and Claire similarly appeared to apply the 

routines of correction to the way in which they remembered Shadow Fractions during 

classroom follow-up.  They used much of the group activity as an opportunity to 

compare their written responses to those of their group-mates, Nicole and Polly.  The 

group went through each worksheet question one by one and, in the event of any 

discrepancies, determined who had found the “correct” answer.  Each of the four — 

again echoing the activities of homework correction — crossed her “incorrect” 

worksheet responses out and wrote in the “correct” responses.  This was the case even 

for questions that permit multiple appropriate responses from a designer perspective, 

and the group repeated this process for both Sensing Ratios and Comparing 

Frequencies. 

4.4  The Language of Classroom Mathematics 

Along with norms for work, assessment, direction, and correction, the 

language of North Lake and Maple mathematics also flowed into experiences with 
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Math Moves! exhibits.  During the museum visit, Maple teacher Ms. Barry explicitly 

encouraged students to make use of classroom terminology to describe and make 

sense of their activities with the exhibits.  These exchanges, in turn, often became 

occasions for recalling classroom definitions, practices, and formulae associated with 

that terminology, and applying these to the exhibit materials on hand (see also Section 

5.2).  This was particularly the case among her 7th-grade students, whom she had 

described to me as lower-achieving and in need of extra facilitation (see Section 3.2).  

For example, during their engagement with Sensing Ratios, Ms. Barry asked 7th-

graders Samantha and Lindsey to think about the visual display using “a term we can 

use when graphing,” ultimately coaxing the girls into finding the terms for identifying 

the “x-axis” and “y-axis” on the screen. 

Exchanges like this one typically involved relatively intensive guidance, with 

Ms. Barry steadily directing her students toward specific vocabulary she appeared 

already to have in mind.  At the same time, she resisted direct acts of telling, 

opportunistically using talk, gesture, and the material environment to provide clues 

leading to the vocabulary, definitions, and formulas she wanted her students to see in 

the exhibition materials.  Thus, while the interactions had the quality of a defined 

endpoint known only to Ms. Barry, there was also a sense of effort to enable her 

students to have an experience of discovery. 

For an in-depth example of this, Ms. Barry spent extensive time introducing 

Marcus and Catie to Scaling Shapes.  Sitting down next to them just as they arrived at 

the exhibit, she explained that she would be “playing it with” them, an organization 
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enabled, in part, by the exhibit’s multiparty design.  Her talk and embodied orientation 

as a user of the exhibit intimated a positioning of herself as a learner alongside Marcus 

and Catie even as she was initiating a didactic interaction.  Ms. Barry continued to 

draw on and express her dual presence in the museum as both visitor and teacher, 

inflecting her deliberate guidance with subtle allusions to collaborative sense-making 

and equal epistemic access.  Ms. Barry next explained that they needed to pick a 

colored shape from among the pre-made solids available at the exhibit, adding that 

yellow, orange, and blue shapes would be of low, medium, and high difficulty 

respectively.  Then she opened up the choice of shape to Catie, asking, “What would 

you like to do?” 

Catie was immediately attracted to one of the high-difficulty blue shapes.  She 

picked it out from a disordered pile of blocks and inspected it, turning it this way and 

that.  Rather than verbally responding to Ms. Barry’s question, this act of selecting and 

inspecting the blue shape answered her invitation (see Figure 4.1). 
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Figure 4.1.  Catie (left) picks up and inspects a difficult blue shape.  Her partner, Marcus (middle), is 
sorting his worksheets. 

 

Catie’s selection proposed a course of action, one that appeared to create some trouble 

for Ms. Barry’s delicate navigation between giving Catie choice and direction.  Ms. 

Barry would later express to me in an interview the feeling of struggle she had 

between leading and allowing for exploration during her interactions with the 7th-

graders, saying, “So then I realized I really had to work one on one with them.  It was 

me literally sitting with them and being like, okay, let’s explore this.  And I would 

really have to set up an example for them and then have them try one on their own.  

And then I was thinking about that later on and I was like, gosh, do I enable them too 

much?  Do I give them too many of the answers?  And I don’t let them explore enough 

to figure it out?  But in past situations with them, if I just let them figure it out then 

nothing will happen.” 
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Returning to the present interaction, as Catie examines the blue shape with 

haptic and visual regard, Ms. Barry lets out a nervous laugh, asking: 

Ms. Barry:  you’re gonna go for hard right away? 
Marcus:  sure 
Ms. Barry: [can we do it just for the sake of Ms. B(h)arry? ((laughs))] 
Catie: [                               uhuhuh ((laughs)) ] 
 
Ms. Barry, questioning Catie’s choice of a difficult blue shape, quickly 

indicates that her own needs are the reason she doubts Catie’s choice.  Insinuating that 

she needs to start with a simpler shape, she laughs a little at herself, and Catie laughs 

along with her.  Then Ms. Barry reiterates her own need for a simpler start, saying, 

“this is for the sake of Ms. Barry (.) not Catie.”  Catie’s placement in Ms. Barry’s 

small 7th-grade class identified her as a lower-achieving student, someone Ms. Barry 

described to me as in need of ongoing remediation.  Ms. Barry’s effort to preempt 

positioning Catie as unready for the difficult blue shape, reflects, I think, a sensitivity 

to Catie as someone who has a history of struggle with school mathematics as well as 

with Maple in general. 

During an interview, Ms. Barry had explained that Catie had transferred to 

Maple as a 6th-grader the previous year.  During that time, Catie had “really really 

really struggled in everything,” including Ms. Barry’s 6th-grade math class as well as 

“the transition of starting with a new school system.”  While Catie had improved with 

respect to her achievement in mathematics and adjusted somewhat to Maple, Ms. 

Barry was still concerned enough about her that she had resisted the suggestion that 

Catie be moved out of the remedial class in 7th-grade.  I see this longer-term 

relationship with and knowledge about Catie in the context of school mathematics 
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reflected in the care with which Ms. Barry is proposing an alternative course of action 

at Scaling Shapes. 

Selecting an easy yellow shape instead from the pile (Figure 4.2), Ms. Barry 

again takes responsibility for lowering the difficulty, asking, “Can I just- for the sake- 

I’m a visual person and I need to make things simple.” 

 

Figure 4.2.  Ms. Barry picks up an easy yellow shape, asking permission to start with that one and 
explaining that she needs to “make things simple.” 

 

Catie, nodding, grants Ms. Barry the permission to lower the difficulty level, smiling, 

and saying, “yes.”  The exchange enacts a fleeting, playful reversal in authority 

compared to life in Maple, with Ms. Barry taking on the role of a visitor-learner in 

need of a slower pace, and Catie approving the change in course. 

Ms. Barry then moves back into an explanatory mode, talking with the 

exhibit’s instructional video to explain that they will be doubling each dimension of 

the starting shape.  Before attempting to do the doubling themselves, however, Ms. 
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Barry asks Catie and Marcus to attend in detail to the starting shape’s dimensions and 

total number of constituent cubes.  After the group establishes that the starting shape is 

2-by-2-by-1 units and includes a total of four constituent cubes, Ms. Barry picks the 

shape up and asks Catie and Marcus to use language from geometry to make sense of 

the total: 

Ms. Barry: now let’s just stop and look at that okay (1.8) what does 
this four really represent? (0.3) think of geometric 
terms=what does this four represent 

 
Here, surfacing vividly in the exhibit engagement, is a bit of discourse considered 

emblematic of ‘traditional’ school mathematics:  the posing of a known-answer 

question (Mehan, 1979).  However, I suggest that Ms. Barry isn’t simply borrowing 

this interactional routine and inserting it into the exhibit engagement in some kind of 

pure categorical form.  Instead, I find that close attention to the ensuing exchange 

reveals the ineluctable situativity of Ms. Barry’s didactic work within the exhibit 

materials on-hand.  Thus, when Catie and Marcus struggle to produce the term Ms. 

Barry appears to have in mind, she resists telling them the answer.  Instead, she uses 

talk, gesture, and manipulation of the objects at Sensing Ratios to produce a sequence 

of multimodal hints.  Taking a new path, she first guides them through a “proof” that 

the total number of constituent blocks is four by multiplying the unit measurements of 

each of the shape’s linear dimensions (i.e. 2 x 2 x 1).  She then asks them to rephrase 

that “proof” using geometric vocabulary: 

Ms. Barry:  two times two times one=is that four? 
Catie:  yeah? 
(1.4) 
Ms. Barry:  what does two represent? 
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As Ms. Barry asks, “what does two represent?” she performs a tracing gesture on the 

yellow shape (Figure 4.3 left).  Holding the shape up she runs her left index finger 

along one of its edges back and forth.  The shape and tracing gesture are positioned 

away from Ms. Barry’s body, enacting an on-the-spot arrangement of material and 

gesture displayed for Catie.  She continues this action in a pause after her question and 

several turns at talk during which she and Catie arrive at the term, “length”: 

(0.9) 
Catie:  the: number of: (.) [like 
Ms. Barry:   [what’d we do the length? 
Catie:  yeah the length and- 
 

Then Ms. Barry, Catie, and Marcus move on to name the other dimensions: 

Ms. Barry:  and the [width? 
Catie:   [yeah 
Ms. Barry:  and then the? 
Catie: [height] is one 
Marcus: [height] 
 

As Ms. Barry, Catie, and Marcus talk through width and height, Ms. Barry again 

traces her left index finger along corresponding edges of the shape (Figure 4.3 middle 

and right). 

   

Figure 4.3.  Ms. Barry traces her finger along the length (left), width (middle), and height (right).  
Image from Catie’s 1st-person camera. 
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As a collection, the tracing gestures identify and differentiate among the structure’s 

three dimensions.  Gesturally highlighting and verbally naming linear segments of the 

exhibit object, Ms. Barry is guiding Catie and Marcus to see a set of phenomena in the 

museum as (Hutchins, 2008) instances of mathematical objects produced by and 

relevant to classroom practice.  Far from simply an effort to get her students to 

produce the ‘correct’ response, Ms. Barry’s didactic work embeds an intricate 

choreography of talk, tracing, tactility, and material display to engender a particular 

way of seeing the shapes at Scaling Shapes. 

Highlighting gestures like Ms. Barry’s (Figure 4.3), of course, can occur in a 

myriad of circumstances and serve a wide array of purposes.  They surface in the 

professional work scenarios described by Goodwin (1994), where they function to 

establish shared visual attention as well as to socialize newcomers into particular ways 

of parsing a complex scene.  Tracing gestures also figure prominently in Heath and 

vom Lehn’s (2004) study of collaborative art viewing in galleries, where they serve to 

identify and make salient certain features, sometimes ‘contaminating’ works of art 

with gestures that emphasize, add, or reveal the invisible.  Here, I suggest that close 

attention to the timing of Ms. Barry’s tracing gestures intimates another kind of use 

within this moment of didactic improvisation.  In particular, for both “length” and 

“height,” the onset of each of Ms. Barry’s tracing gestures noticeably precedes the 

verbal uttering of the corresponding geometric term.  In fact, when she arrives at the 

height, Ms. Barry doesn’t even say the word, enacting the tracing gesture to highlight 

that part of the shape while leaving Catie and Marcus to name it.  This delay between 
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gesture and talk creates a feeling that she is performing a series of gestural hints, 

ephemerally inscribed into the materials on hand.  Coaxing Catie and Marcus to arrive 

at this moment of seeing the shape in geometric terms of their own accord, the 

intricate choreography of talk, touch, and trace are part of a situated negotiation 

between choice and direction, telling and discovery.  It is a choreography through 

which Ms. Barry expresses and works through an evolving pedagogic ethics, an ethics 

rooted in a shared history with Catie and Marcus in Maple mathematics. 

With Ms. Barry taking the lead, the group now rephrases the “proof” that there 

are four constituent blocks in the starting structure using the terms, “length,” “width,” 

and “height:” 

Ms. Barry:  so we di:d length times [width times height] 
Catie:   [width times height] 
Marcus:   [width times height] 
 

As she says each of the three geometric terms, Ms. Barry again traces a finger along 

each of three orthogonal sides of the starting shape (Figure 4.4), this time more swiftly 

to match the pace of the group’s recitation.  Talk and gesture are more tightly co-timed 

here; rather than suggesting without telling, the utterances summarize, repeat, and 

synthesize the preceding stretch of activity. 
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Figure 4.4.  Ms. Barry again traces a finger along each side as the group says, “length,” “width,” and 
“height,” respectively.  Marcus appears in the bottom right of the image. 

 

The tracing gestures are now embedded within a more encompassing description of 

the arithmetic activity in which the group has just engaged, restating it in the language 

of a formula from school geometry Ms. Barry now asks her students to recall: 

Ms. Barry: which? (.) geometric formula? (0.6) is length times width 
times height=do you remember what that’s called? 

Catie:  is it (.) area? (0.2) err no 
Ms. Barry:  [not area (.) that’s 
Catie:   [that’s just base times 
Ms. Barry:  that’s just base [times height ] of like a flat figure 
Catie:   [      yeah ] 
 
Catie tentatively proffers “area” as a response to Ms. Barry’s question, but 

immediately doubts her own idea.  Ms. Barry evaluates Catie’s response as not being 

quite what she has in mind.  This, in turn, occasions a brief exchange clarifying the 

meaning of the word “area” in relation to the present context, with Catie and Ms. 

Barry collectively reconstructing the area formula, “base times height.”  As Ms. Barry 
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says “a flat figure,” she flattens her left hand down on the surface of the table between 

her and Catie (Figure 4.5). 

 

Figure 4.5.  Ms. Barry flattens her palm down on the table surface, depicting a “flat figure.” 
 

Ms. Barry’s talk and gesture now imaginatively add to the material environment.  Her 

hand — iconically standing in as a “flat figure” — ephemerally supplements the 

exhibit’s three-dimensional shapes with an imaginary two-dimensional shape for 

which the area formula will be appropriate.  The spatial juxtaposition between her 

hand and the blocks invites, instantiates, and makes possible a comparison between 

flat and non-flat figures, as well as the formulas and geometric terminologies 

appropriate to each.  Thus, while Ms. Barry has evaluated Catie’s response as 

incorrect, she is also working to make sense of it in relation to the materials at Scaling 

Shapes. 
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Ms. Barry returns to the case of the three-dimensional exhibit object, holding 

the starting shape up again and encouraging Catie and Marcus that they are 

approaching the terminology she has in mind: 

Ms. Barry: this is a 3D figure so you’re close to it=what is it called for 
3D figures? (1.0) when you’re doing length times width 
times height 

 
After a long pause, Catie finally concedes with a nervous laugh: 

Catie:  uh::: (2.6) I forgot hu(h) 

Persisting in her efforts to get Catie to produce the response she has in mind, Ms. 

Barry now offers the most leading of her hints: 

Ms. Barry:  starts with a ‘v’ 

The leading hint again attests at once to the interaction’s didacticism and to a 

resistance to telling.  Ms. Barry seems both determined to avoid telling and determined 

to arrive at her intended terminus.  For another minute or so, Ms. Barry insistently 

reiterates the question of what the 4 represents, the calculation, “two by the two by the 

1,” the formula, “length times width times height,” and the hint, “starts with a ‘v’.”  

Meanwhile, Catie and Marcus strain to produce the desired response. 

Ultimately, Ms. Barry makes use of extra-exhibit materials to jog Catie’s 

memory.  Picking up her mug she explains: 

Ms. Barry:  I know in here it’s capacity (.) how much water I can put in 
here- 

 
Holding her mug on display for Catie and Marcus, Ms. Barry cups her left-hand 

fingers and traces her hand up and down the length of the mug (Figure 4.6). 
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Figure 4.6.  Ms. Barry traces her cupped left hand up and down along her travel mug, saying, “I know 
in here it’s capacity.” 

 

Like her prior flat-figure gesture (Figure 4.5), Ms. Barry’s handling of the mug 

spatially invites a comparison with the exhibit’s block materials.  She ephemerally 

adds to the suite of objects relevant to the exercise of finding the right geometric term.  

The mug invites a different set of connotations than the blocks, of liquid, containment, 

and capacity, and the morphology Ms. Barry’s cupped gesture over it is further 

suggestive of containment and a dimensionality not present in the flat-figure gesture 

(compare Figures 4.4 and 4.5).  This spontaneous use of material, talk, and gesture 

again function to improvise a multimodal hint for Catie.  This time, it seems, this hint 

succeeds: 

Catie:  volume? 
Ms. Barry:  VOLume! (0.7) this is volume! 
 

Ms. Barry excitedly affirms that Catie has finally identified the geometric terminology 

she has in mind.  As she says, “this is volume!” she holds four blocks in the same 
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configuration as the starting structure up in the space between her and Catie, at eye 

level (Figure 4.7). 

 

Figure 4.7.  Ms. Barry holds up the four blocks and proclaims, “this is volume!” 
 

In contrast to the earlier tracing gestures highlighting individual linear-dimensional 

features, now Ms. Barry’s hand, grasping the four cubes all together, intimates a 

construal of the materials as a collective totality or whole.  Moreover, her talk maps 

that material whole onto the geometric term, “volume.” 

Most striking to me, however, is the excited affect expressed in Ms. Barry’s 

utterance, as if she herself is discovering the category from classroom geometry this 

clump of cubes instantiates.  This affect, it seems to me, is a crucial consideration for 

understanding the situated art of teaching in which Ms. Barry has been engaged 

throughout this interaction.  While she values the construal and recognition of the 

blocks in terms of volume, it is also the affect of discovery that she is trying, here, to 

teach.  Amy’s later remembrance of this interaction during an interview corroborates 
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this interpretation, expressing both her felt desire and failure to produce this shared 

affect of discovery through this series of multimodal hints.  Reflecting on the 

interaction, she said, “ And I was like we’re talking about volume here, ooohhhh! 

They weren’t like aaahhh about it.”  Here, the affect she wants to share with her 

students — her desire for them to have an experience of sudden recognition or 

discovery that would make them be “like aaahhh about it” — emerges as a crucial 

aspect of the pedagogical ethics she is expressing and working out at Scaling Shapes. 

While in most cases, the flow of classroom vocabularies unfolded through 

these kinds of situated instances of teaching by Ms. Barry or Ms. Collins, on a few 

occasions it appeared that recent classroom events and topics inflected how students 

saw and made sense of the exhibits, even in the absence of their teachers.  For 

instance, for some North Lake students, the class’s concurrent curricular treatment of 

integer arithmetic appeared to shape how they viewed specific features of Math 

Moves! exhibits, subtly sensitizing their perception and interpretation of the museum 

environment.  In the days surrounding the field trip, Ms. Collins had taught several 

lessons on integer arithmetic.  In keeping with her classroom routine of explicitly 

articulating “learning objectives” — both verbally and in writing displayed daily on 

the white board — Ms. Collins recurrently used the language of “positive and negative 

integers” to frame the class’s activities.  At the museum, during their engagement with 

Comparing Frequencies, Crystal and Rhonda encountered the worksheet question, 

“What do you think?  What do the numbers mean on the wheels?”  (see Figure 4.8). 
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Figure 4.8.  Close-up of Comparing Frequencies.  Both small wheels are labeled with the number “1/6,” 
and are the same size.  Numbers arranged in a line at the bottom of the image indicate distance, either 
on the left or on the right, from the center in intervals of three centimeters.  Multiplying the number on 
the small wheel by the number indicating its location yields the total number of times it will click over 

the course of a full rotation of the large spinning disk.  For example, in one rotation of the large 
spinning disk, the wheel on the left will click twice and the wheel on the right will click four times. 

 

The two students quickly settled on a response to this question; Crystal proposed that 

they represent “negative and positive integers” and Rhonda agreed, both writing this 

down on their worksheets and moving on to a subsequent prompt.  While I wasn’t able 

to find anything in my data to clarify what features of Comparing Frequencies’ 

numerical labels resonated with positive and negative integers for Crystal and Rhonda, 

my own eye sees them most directly in the linearly arranged numerals indicating 

distance from the center. 

The curricular focus on integer arithmetic and its attendant vocabulary 

appeared to continue to inflect how North Lake students remembered and imagined 

Math Moves! exhibits after the excursion.  During their classroom follow-up group 
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work, Crystal and Rhonda reiterated their interpretation of Comparing Frequencies’ 

numbers as “negative and positive integers,” ultimately recording this on their gallery-

walk poster (see Section 3.2.4) after defending it to some skeptical peers.  Meanwhile, 

Clover’s group-mate, Jessie, was writing down a ‘wondering’ on the group’s poster 

related to the exhibit Balance and Imbalance:  “What if they added a scale that has 

negative and positive numbers human size?”  Here, Jessie’s wondering invented an 

addition to the suite of Math Moves! exhibits, an imaginary exhibit that blended the 

class’s current curricular focus together with the exhibition’s technologies and whole-

body modalities. 

4.5  Classroom Mathematical Practices During Exhibit Engagements 

In addition to the vocabularies and categories of school mathematics, 

classroom mathematical practices4 also appeared to flow into how North Lake and 

Maple teachers and students engaged with, imagined, and remembered Math Moves! 

exhibits.  This was especially the case among the Maple students and Ms. Barry, who 

had rearranged her curriculum sequence to cover the ratio-and-proportion unit around 

the same time as the field trip (see Section 3.2).  As I discussed in Chapter 2, the 

mathematics-education research literature on ratio and proportion identifies as 

milestone developmental achievements both (a) a transition from additive to 

multiplicative thinking, and (b) a movement from univariate to bivariate reasoning 

                                                
4Similar to Cobb, Stephan, McClain, and Gravemeijer (2001), I understand classroom 

mathematical practices to be the local, emergent, and provisionally normative activities of participants 
in a mathematics classroom.  Importantly, I consider these practices to be ‘mathematical’ in the sense 
that they characterize an aspect of the activities of a mathematics classroom, and not in the sense that 
they are somehow inherently mathematical (see Chapters 7 and 8).  The provisional sense in which 
these activities are normative is also important here since participants may contest or negotiate 
classroom mathematical practices, as is the case with the examples I describe in this section. 
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(see Section 2.3).  Resonant with — and, perhaps, cognizant of (see Section 3.2) — 

these matters, Ms. Barry had been arranging classroom activities and facilitating 

discussions with an eye toward multiplicative comparison and bivariate relationships 

throughout the unit on ratio and proportion. 

For example, she kicked off the unit with a task she’d adapted from one of her 

graduate texts about a “family debate over who grew the most during the past year.”  

The Maple students were asked to compare the heights of three fictional children 

measured against their kitchen door during two consecutive years, and to use these 

comparisons to think about which child exhibited the most growth.  The height 

measurements were selected so that determining the raw number of inches grown by 

each child (i.e. reasoning additively by computing differences between years) would 

lead to different conclusions than looking at relative growth adjusted for the starting 

heights (i.e. reasoning multiplicatively).  A result of this task for the students, 

according to Ms. Barry, was the “shock value of OH! we never even thought of 

Bennett growing the most.”  During an interview prior to the trip, Ms. Barry explained 

her rationale for the heights task: 

Ms. Barry: what I was thinking for this one is (.) I know a lot of times 
when kids are looking at ratios? they’re just adding you 
know they’ll just look for- even when finding equivalent 
ratios they’ll just do two plus two plus two you know of- of 
not having the comparison…and bringing it back to how 
much did they increase really in one- one year that they 
went (.) or (0.2) of how based on their ORIGINAL height 
how much did they really change 

 
During the visit to the museum, Ms. Barry continued to steer her students 

toward identifying and making multiplicative comparisons among quantities 
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encountered in Math Moves!  In interactions with the Maple 7th-graders, she did this 

primarily through conversations about arithmetic operations and numeric patterns, 

emphasizing the operations of multiplication and division as well as patterns involving 

multiplicative relationships.  For example, Lindsey and Samantha had been engaging 

with Balance and Imbalance for a few minutes on their own before Ms. Barry arrived 

on the scene to check in on them.  During these first minutes, Lindsey and Samantha 

had been experimenting with different weight arrangements on the simple linear 

balance, determining empirically and recording in their worksheets arrangements that 

would balance.  When Ms. Barry arrived she took immediate interest in a relatively 

complex — but precisely balanced — arrangement of weights that the two students 

had created (Figure 4.9). 

 

Figure 4.9.  Balanced arrangement of weights Lindsey and Samantha created at Balance and Imbalance.  
Image taken from 1st-person camera worn by Samantha. 
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Trying to facilitate a conversation about why the arrangement was balanced, Ms. 

Barry steered the group’s attention to two sets of numerical values:  numerals 

indicating the relative weights of individual blocks and numerals marking evenly 

spaced distances from the center of the balance beam in each direction.  She then 

explained that the weight arrangement balanced because of a relationship among these 

values: 

Ms. Barry: there is a reason (.) that these are all balanced (0.4) based 
on this relationship here (0.2) okay? 

 
Referring to the “relationship,” Ms. Barry performed a series of back-and-forth 

pointing gestures that moved between location markers on the balance beam and 

individual weights (Figure 4.10). 

   

Figure 4.10. Ms. Barry points between location markers and weights at Balance and Imbalance. 
 

Continuing, she elaborated: 

Ms. Barry: so because you have two on five ((a weight of two units 
located five spaces to the left of the balance fulcrum)) (.) 
two on nine (0.2) and one on four (0.9) means (.) over here 
((referring to right side of the balance)) you have to ha:ve (.) 
two on two (0.6) what is it- two on six and two on eight 
(0.2) or is that eight yeah? 

Samantha:  mmm hmm 
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Then Ms. Barry suggested that the group examine the relationship between the 

weight and distance values by using multiplication, alluding to their previous work on 

ratio and proportion in the classroom: 

Ms. Barry: so I want us to think of- when we were doing ratios and 
proportions (0.3) what kind of operation have we been 
using (0.4) like addition subtraction multiplication or 
division 

(1.2) 
Lindsey:  u:::h add:ition:? 
(0.4) 
Ms. Barry:  we haven’t been using addi[tion 
Samantha:   [mu- multiplication 
Ms. Barry:  okay so the multiplication 
 

After settling on multiplication as the appropriate operation, Ms. Barry then took them 

through a procedure involving multiplying weight and distance values in order to 

explain why the weight arrangement balanced.  Over the course of this interaction, 

then, Ms. Barry first referenced the group’s prior work on ratio and proportion in the 

classroom, then asked explicitly about the kinds of arithmetic practices that 

characterized the class’s activities during that curricular unit.  The subsequent 

exchanges, in turn, proposed these practices as a means for making sense of Balance 

and Imbalance.  Moreover, the negotiation among the two students and their teacher, 

between addition and multiplication, echoed the negotiation between addition and 

multiplication that had been unfolding in their classroom work.  Thus not only did Ms. 

Barry and her students refer to and make use of classroom mathematical practices in 

order to engage with Balance and Imbalance; they also turned the exhibit into a site for 

continuing the movement between additive and multiplicative sense-making that had 

been unfolding in the classroom. 
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In the class’s ratio-and-proportion unit, Ms. Barry and her students were also 

routinely deliberating between comparing values of a single quantity, on the one hand, 

and coordinating multiple quantities, on the other.  These practices — and their 

negotiation — also appeared to flow into the museum.  For example, on the day before 

the excursion, after the field-trip preparation activities, both the 6th- and 7th-grade 

students worked on a ratio and proportion task involving graphing figures on a 

coordinate plane.  In the first quadrant of a coordinate grid, students first drew a series 

of rectangles with the following dimensions:  3 x 4, 6 x 8, 8 x 10, 9 x 12, and 12 x 16.  

The students arranged the rectangles so that their bottom left corners were all located 

at the origin, and their longest sides placed horizontally.  After drawing a line from the 

origin through the upper right corner of the largest rectangle (see Figure 4.11), 

students were asked to determine visually which rectangles were geometrically similar 

to one another. 
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Figure 4.11.  Sketch of task rectangles graphed in the first quadrant.  Also shown is the line passing 
through the origin and the upper right corners of the similar rectangles.  The “off” rectangle that is not 

similar to the others is shown with a dashed line. 
 

A sequence of follow-up questions was designed to lead the students to notice a 

relationship among geometric similarity, proportionality of width-to-length ratios, and 

co-linearity of the rectangles’ upper right and bottom left (the origin) vertices (see 

Figure 4.11). 

While the 6th-graders worked independently or in pairs on this task, Ms. Barry 

worked through the problem more slowly with her 7th-graders, guiding them step by 

step to construct their coordinate grids, rectangles, and lines.  Then, in a whole-class 

discussion, Ms. Barry and her students determined that one rectangle was “off,” its 

upper right vertex falling off the line drawn through the upper right vertices of the 

other rectangles (see Figure 4.11).  As the class was winding to a close, Ms. Barry 

asked the students to start thinking about “why the eight by ten rectangle doesn’t go on 

the line,” adding that, “if you figure it out you may get a bonus.”  This seemed to 
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pique the 7th-graders’ interest, and several of them rushed to offer their ideas in the last 

few minutes before the bell rang.  Taking the floor first, Marcus said: 

Marcus: I: noticed that (0.6) fou:r (0.3) eight (.) twelve and sixteen 
(0.4) can a:ll be divided by four? (0.2) and ten can’t? 

 
Attending to the length (second dimension) of each of the similar rectangles, Marcus 

identified a numerical pattern of sharing a common factor of 4 and noted that the “off” 

rectangle did not fit that pattern. 

Ms. Barry, acknowledging Marcus’ contribution but keeping the conversation 

open to other ideas, responded: 

Ms. Barry:  okay so you knew the lengths were all divisible by four 
Marcus:  yup 
Ms. Barry:  VERY cool (.) what else did we notice 
 

Catie chimed in next: 

Catie: I noticed the opposite of that?  all the numbers on the width are 
divisible by 3? 

 
Similar to Marcus, Catie attended to the widths (first dimensions) of the rectangles, 

noting that the values for the similar rectangles all shared a common factor but that the 

“off” rectangle did not fit the pattern.  As the bell rang, Ms. Barry concluded the class 

with a final prompt: 

Ms. Barry: you have all figured out these are divisible by three (.) 
these are divisible by (0.2) four?  (1.1) I want you for a 
super BONus sticker or something (0.8) is relate them 
when they’re combined= three by four (.) six by eight (.) 
nine by twelve (.) twelve by sixteen okay? (0.2) you’re 
dismissed 

 
Similar, in function, to the sequence of pointing gestures she would later perform in 

the museum to encourage Samantha and Lindsey to attend to both weight and distance 
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from the fulcrum at Balance and Imbalance (Figure 4.10), Ms. Barry used her thumb 

and index fingers jointly to point to and group together each pair of rectangle width-

length pairs written on the board (Figure 4.12). 

 

   

Figure 4.12.  Ms. Barry uses thumb and forefinger to point to length-width pairs written on the board at 
the same time as she says them aloud: “three by four” (top), “six by eight” (bottom left), “nine by 

twelve” (bottom middle), and “twelve by sixteen” (bottom right).  The dimensions of the “off” 
rectangle, 8-by-10, are written and circled on the board. 

 

Thus, whereas the student contributions up until now had focused on numerical 

patterns within each of the two dimensions, Ms. Barry was urging her students to 

attend to both length and width values at once.  A brief interaction I had with Ms. 
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Barry after the class suggested that this was intentional on her part.  As students filed 

out of the room, Ms. Barry commented to me: 

Ms. Barry:  they’re still seeing it as separate entities (0.2) and not 
together 

 
These interactional dynamics — the movement between univariate and 

bivariate sense-making practices — persisted in the museum environment, inflecting 

the ways in which Ms. Barry and her students engaged with the exhibits on numerous 

occasions.  For example, during their time in Math Moves!, Catie and Marcus 

continued to notice the same kinds of numerical patterns they had pointed out the day 

before in the class discussion about the similar-rectangles task.  During their 

engagement with Comparing Forms, they repeatedly searched for common factors 

among groups of measurements.  After measuring the chair heights in inches with a 

standard tape measure, they determined that the measurement values (18, 36, and 72 

inches) were each divisible by 4, recording this on their worksheets.  A few minutes 

after, they searched for — but couldn’t find — common factors among the seat area 

measurements taken using the white squares.  Then, some twenty minutes later in their 

interaction with Comparing Forms, Catie and Marcus again looked for common 

divisors among measurements, this time focusing on seat width and depth 

measurements using the tape measure.  After determining that the small, medium, and 

large chair seats were (9 inches by 9 inches, 18 inches by 18 inches, and 36 inches by 

36 inches), they concluded and wrote in their worksheets that, “the large chair is 

divisible by 4,” “the medium chair is divisible by 6,” and “the small chair is divisible 

by 3.” 
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Similarly, 7th-graders Sarah and Tilly searched for common factors at 

Comparing Frequencies.  As they explored different arrangements of disks placed at 

various locations against the large spinning wheel, they looked for factors common to 

the set of numbers that included both the numbers displayed on each of the disks as 

well as those indicating the disk locations (see Figure 4.8).  Of particular interest were 

arrangements for which they determined that all the numbers were divisible by three, 

such as placing “a three” at the 27 mark on one side and “a six” at the 9 mark on the 

other side. 

While Sarah and Tilly continued to draw on the classroom mathematical 

practice of searching for common divisors in order to make sense of Comparing 

Frequencies, Ms. Barry used the exhibit as a medium for nudging the two students to 

think about relationships between two sets of values:  the numbers displayed on the 

disks representing their relative sizes and the numbers inscribed below the spinning 

wheel indicating disk location.  In an introductory interaction with Sarah and Tilly at 

the exhibit, Ms. Barry placed a “nine disk” (i.e. one labeled with a “1/9”) at location 

27 to the left and a “six disk” (i.e. one labeled with a “1/6”) at location 18 to the right.  

After Sarah and Tilly noticed that this seemed to cause the two disks to click in 

unison, Ms. Barry asked them why they thought that might be: 

Sarah:  ‘cause they’re divisible- divisible by three? 
(0.2) 
Ms. Barry: okay so that’s one thing is the six and the nine are divisible 

by three? [ and the eighteen ] and the twenty-seven? 
Sarah:   [        yeah ] 
(.) 
Ms. Barry: mmkay (0.4) I want you now explore this relationship of 

THIS right here 
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As Ms. Barry made a bid to move the focus away from factors common to all the 

values and toward the relationship between disk-size and location values, she 

performed and held another dual pointing gesture.  Similar to how she had used 

gesture to group length and width values during the classroom similar-rectangles task 

(Figure 4.12), Ms. Barry used her thumb and index finger to point to and link together 

the displayed disk-size and location numerals (Figure 4.13). 

 

Figure 4.13.  Ms. Barry uses her thumb to point to the number on the disk and her index finger to the 
location number.  Tilly (middle) and Sarah (right) look on. 

 

This sparked a brief discussion about the meanings of the displayed numbers, in which 

Ms. Barry speculated that the disk numerals referred to the wheel diameters in inches 

while the numerals below referred to the location on the big spinning wheel (see the 

caption for Figure 4.8 for further explanation). 

Then Ms. Barry reiterated the prompt to attend to the “relationship” between 

disk size and location: 
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Ms. Barry: so (.) explore this relationship the nine to the twenty-seven 
and the six to the eighteen=what do they have? 

(0.7) 
Tilly:  they’re all divisible by three? 
 

While Ms. Barry was attempting to focus the group on the size-location pairs, “nine to 

the twenty-seven” and “six to the eighteen,” Tilly continued to engage in the practice 

of looking for common factors among the entire set of values.  Tilly and her teacher 

were bringing two currently circulating classroom mathematical practices to bear on 

the exhibit, along with the tension between them.  Ms. Barry persistently continued 

this negotiation: 

Ms. Barry: ‘kay they’re all divisible by three no:w thinking how this 
i:s (0.7) a ratios and proPORtions (0.9) exhibit (1.5) what 
can you tell me about nine to twenty-seven 

 
Now mobilizing the official vocabulary of both the exhibition and the classroom 

curricular unit, Ms. Barry used talk and indexical gesture to emphasize and point to 

the single size-location paring of the 9-disk at location 27 (Figure 4.14). 
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Figure 4.14.  Ms. Barry points to the disk-size and location numerals, saying, “what can you tell me 
about nine to twenty seven.” 

 

After another couple of minutes, and with continued extensive intervention and 

guidance from Ms. Barry, the group determined that both size-location parings could 

be “reduced to one third.”  The group then worked to place a third disk so as to create 

“another relationship of one third,” noting that it too chimed in sync with the other two 

disks.  Leaving Sarah and Tilly to engage with Comparing Frequencies on their own, 

Ms. Barry summarized: 

Ms. Barry: it’s with the relationship so keeping that in mind (0.4) I 
want you to explore all these questions here ((pointing to 
their worksheets)) 

 
As Sarah and Tilly continued to engage with Comparing Frequencies, they employed 

both practices, sometimes looking for common divisors and at other times attending to 

size-location relationships and looking for pairings that would “reduce to the same 

fraction.” 
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4.6  Summary Discussion 

In this chapter I described different ways in which the North Lake and Maple 

field trips schooled Math Moves!.  I explored how North Lake and Maple classroom 

norms, categories, and practices made their way into engaging with, imagining, and 

remembering the exhibition’s technologies.  Section 4.3 tells a story about the 

remarkable persistence of formal schooling’s infrastructure even in spaces designed, 

partially, in counterpoint to it.  In particular, certain classroom norms — for work, 

assessment, direction, and correction — shaped and constrained experiences with the 

exhibition.  The fact that Math Moves! was, in some ways, schooled by the field trips 

is a phenomenon that recurrently troubles museum educators and advocates, including 

myself (DeWitt & Storksdieck, 2008; Griffin & Symington, 1997).  There is a kind of 

affective tightening for me here, especially as I watch Caesar accuse Rhonda and 

Crystal of wrong answers, when Crystal longs to write into the exhibition explicit 

directions and learning objectives, or when her classmate recommends that the 

exhibition include an exam, even one about enjoyment.  Ms. Collins, too, expressed a 

feeling of being troubled by this, bemoaning, in a debriefing interview, the fact that 

“that’s the culture we have created.”  Staying with these professedly uncomfortable 

moments, and emboldened by the realization that Ms. Collins was uncomfortable too, 

I find myself asking how we might design field trips that resist this kind of norming, a 

topic to which I return in Chapter 9. 

At first blush, much of Section 4.4 continues this story by turning an eye 

toward didacticism at the exhibit face, particularly during Ms. Barry’s interaction with 
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Marcus and Catie at Scaling Shapes.  It is my feeling, however, that close attention to 

the nuances of talk, gesture, touch, and material display in this interaction opens up a 

much more complex picture.  For within this sequence instigated by the all-too-

familiar known-answer question, I find a delicate pedagogical improvisation writ in an 

intricate multimodal choreography of shifting material arrangements, fluctuating 

social-epistemic roles, gestural hints, and opportunistic use of extra-exhibit materials.  

Moreover, Ms. Barry’s improvisatory teaching is laden with affects, hoped-for affects, 

and ethical searching in a way that re-humanizes how I see the moment’s didacticism.  

In Chapter 9, I return to how this suggests a need to study further the situated art of 

teaching on school field trips and in interactive exhibitions. 

This occasioned instructional craft is also present in many of the episodes 

described in Section 4.5, in which I explored how Math Moves! became a site for 

furthering ongoing classroom-based work on multiplicative-versus-additive and 

univariate-versus-bivariate reasoning.  The episodes show how Ms. Barry and her 

students produced and appropriated material arrangements in the exhibition as 

resources for continuing concurrent sense-making practices related to their ratio and 

proportion unit.  Thus, while schooling Math Moves! involved norming it in the 

routines and regimes of North Lake and Maple work and assessment, it also included 

improvisatory modulations of school scripts and the opportunistic use of on-hand 

material arrangements to further the work of classroom sense-making. 
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CHAPTER 5 

Stitching Math Moves! into School Time:  Evoking Classroom Pasts and Futures 

when Engaging with, Imagining, and Remembering Exhibits 

 

5.1  Introduction:  We haven’t done scale models yet. 

Like Ms. Collins a few weeks before, Ms. Barry circulates through Math 

Moves!, checking in with pairs of 6th- and 7th-graders to orient them to the exhibits, 

clarify the meaning of an assigned question, or assess the completeness of their 

worksheets.  “We haven’t done scale models yet,” she says to a pair at Comparing 

Forms, “but it’s something you can relate to.” Arriving at Balance and Imbalance she 

asks 6th-graders Ingrid and Martin to remember a prior classroom task involving a 

balance beam.  “This is similar to the activity that I did with you in class where we 

tried different things of what happens when we doubled the dimension,” she explains 

to two students at Scaling Shapes. 

As these short vignettes are meant to illustrate, one way that North Lake and 

Maple teachers and students brought experiences with Math Moves! into relation with 

school was through interactions that functioned to situate temporally a particular 

exhibit engagement within broader trajectories of both past and future participation in 

school mathematics.  Exchanges that tied specific features of exhibits to prior and 

anticipated classroom-based activities were relatively commonplace, occurring both 

during museum exhibit engagements, as well as classroom acts of imagining and 

remembering the exhibits.  This chapter gives a descriptive account of the different 
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kinds of interactions in the museum and classrooms that stitched experiences with 

Math Moves! exhibits into North Lake and Maple school time, and concludes with a 

provisional theoretical distinction that I think some of these cases inspire for thinking 

about this inter-relational work. 

My attention to these interactions is motivated, in part, by a pervasive 

recommendation, in the literature on science field trips, that instructional designs seek 

out integration between the classroom curriculum and the field-trip destination 

(DeWitt & Storksdieck, 2008; Griffin & Symington, 1997; National Research 

Council, 2009).  Yet, as Kisiel’s (2005) study of elementary teachers’ agendas for 

science field trips suggests, there are many possible interpretations of what, precisely, 

that integration might entail.  The cases in this chapter represent an effort on my part 

to make sense of the notion of curricular integration by examining it as a matter of 

practical relevance for the teachers and students of North Lake and Maple.  I provide a 

diverse array of detailed descriptions of moments in which participants crafted 

relationships between Math Moves! and curricular mathematics, with an eye toward 

how these might speak to a more grounded and refined way of thinking about the issue 

of integration.   

5.2  Relating Exhibits to Classroom Pasts 

Teachers and students interwove Math Moves! with past elements of North 

Lake and Maple mathematics in at least two major ways.  In some cases, exhibit 

experiences sparked memories of specific problems and events from current or 

previous mathematics classes.  At other times, students’ unanticipated interactions 
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with and curiosities about Math Moves! exhibits occasioned review of specific 

formulas and vocabularies from current or previous mathematics classes. 

5.2.1  Remembering Classrooms 

Remembering Math Moves! exhibits during classroom follow-up sometimes 

entailed recalling specific events and tasks from current or past math classes.  This 

was especially the case at Maple, where Ms. Barry had included in her students’ 

presentation worksheet the task of identifying “previous problems worked on in a 

math class” that related to the students’ assigned exhibits.  In many cases, this task 

prompted a wide array of written remembrances of school mathematics.  Some 

responses explicated time periods, topics, or tasks from mathematics classes.  For 

example, 7th-graders Catie and Marcus related Comparing Forms to “6th grade math 

using dimensions” and “6th grade math” respectively.  At the other extreme were 

relatively specific recollections of recent classroom tasks.  For example, 6th-grader 

Barbara-lee indicated that Comparing Frequencies related to recent classroom work on 

equivalent ratios.  She went further, offering as an example the task of determining 

whether the ratios 4:8 and 12:24 are equivalent.  Nevertheless, a few focal students 

struggled to plot these kinds of relations to previous classroom problems, leaving the 

question blank or, in the case of James, writing “none.” 

In one striking case, 7th-grader Sarah related her assigned exhibit, Partner 

Motion, to past classroom work not by identifying a course, grade level, or topic, but 

rather by dint of the perceptuomotor skill (see Section 2.4) involved in the exhibit’s 

use.  During her and Tilly’s engagement with Partner Motion, Sarah became focused 
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on the emergent problem of how to make “smoother lines.”  The problem so 

consumed her that it ultimately became the main focus of her classroom presentation.  

At the museum, she and Tilly had developed the sense that walking faster along the 

tracks would produce “smoother lines” instead of curves that were “squiggly.”  In 

other words, the two experienced a perceptuomotor blending (Nemirovsky, Kelton, & 

Rhodehamel, 2013; see also Section 2.4) of enacting swift movements with seeing 

smooth lines. 

Remembering this engagement back in the classroom, Sarah likened this 

discovery to the classroom experience of using a ruler as a guide to draw lines when 

graphing.  Just as moving quickly along the tracks at Partner Motion created the 

desired smooth effect, she explained in her written worksheet response, it is “better to 

go fast with a ruler than going slow and squiggly without a ruler.”  Thus, remembering 

her own emergent perceptuomotor skill with the exhibit sparked, for Sarah, memories 

of developing another embodied technique with the tools of the classroom.  The 

interrelation Sarah weaves is one of lived, perceptuomotor consonance between the 

skillful use of Partner Motion and a classroom ruler.  At the same time, the act of 

writing it down adds a new explicitness to this felt resonance.  A spontaneous, lived 

reverberation echoes forth within the instructional task of plotting connections. 

The task of connecting the exhibits to previous classroom problems sometimes 

occasioned remembering relatively vivid memories of specific classroom events.  For 

example, on the day after the trip, 7th-graders Lindsey and Samantha were discussing 

possible classroom problems related to Sensing Ratios with Ms. Barry and their 
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classmates Catie and Marcus.  The conversation had moved to the topic of graphing 

and how it might have come up in the students’ mathematics class the previous year.   

Offering one instance of previous work with graphing, Samantha remembered a 

problem assigned by their mathematics teacher the previous year: 

Samantha: she gave us this worksheet once we were s- they gave us a 
bunch of coordinates? 

Ms. Barry:  mm hmm? 
Samantha:  and then it ended up to be a cup and saucer 
 

As Samantha said “cup and saucer,” she loosely traced a cup-and-saucer image in the 

air (Figure 5.1), ephemerally re-evoking the memorable graph while making it 

resonate with the graphs in Sensing Ratios. 

 

Figure 5.1.  Remembering Sensing Ratios, Samantha traces the image of the cup and saucer she 
remembers graphing in her 6th-grade math class. 

 

Importantly, bringing a holistic (see Sections 2.4 and 3.4.3) attention to Samantha’s 

embodied remembering, I interpret her gesture as both interactional and experiential.  
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It is interactional in the sense that it produces a depiction of the cup and saucer for and 

available to Ms. Barry.  It is visible embodied conduct, the aspect of gesture that has 

historically received the greatest attention in naturalistic studies of human interaction 

(Streeck, 2013).  And yet, alongside the semiotic valence of Samantha’s tracing 

gesture, there is a lived sensory dimension, a proprioceptive and kinesthetic re-

emergence of the feeling of drawing the cup and saucer.  This felt quality is a kind of 

multisensory reverberation that participates, I suggest, in the experience of 

interrelating Sensing Ratios with school mathematics.  Considering Sensing ratios in 

relation to school math evokes for Samantha a felt resonance with the act of drawing 

the cup and saucer. 

During the Maple follow-up presentations, Ms. Barry occasionally interjected 

with her own connections to specific tasks she’d assigned so far during that year.  For 

example, following Maria’s and Barbara-lee’s presentation on Comparing 

Frequencies, she asked the students to think back to an earlier word problem involving 

bicycle gears: 

Ms. Barry: I don’t know if you remember when we did that word 
problem? (.) with the bicycle gears? 

((Several students nod or say “yeah,” or “mm hmm”)) 
Ms. Barry:  and how they were equivalent ratios? (0.2) I saw that in 

here too of just because maybe the size of the wheels (0.2) 
would vary you could still make (0.5) you know based on 
their location? which (.) based on the gears in the bike? you 
can ha:ve you know them being in sync with each other 
still or- OR doing different speeds one doing a little bit 
slower and one’s going a little bit faster 

 
Remembering Comparing Frequencies together with the bicycle-gears word problem, 

Ms. Barry explained that she recognized the word problem’s focus on equivalent ratios 
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in the exhibit.  She elaborated on this by describing how wheel size and location at the 

exhibit could compensate for one another such that differently sized wheels could 

nonetheless chime at the same rate.  This elaboration, in turn, mapped wheel location 

at Comparing Frequencies onto the bike gears in the remembered classroom word 

problem. 

5.2.2  Occasioned Review 

Remembering Math Moves! exhibits also occasioned review of specific — but 

unanticipated — school-mathematics definitions, vocabulary, and procedures.  On the 

one hand, these moments often had an explicit quality in which exact definitions and 

formulas were clarified in relation to specific exhibit features.  At the same time, far 

from being planned in advance, review of classroom definitions and formulas was 

almost always sparked by students’ happenstance noticing and questioning.  For 

example, Catie and Marcus were giving their presentation on Comparing Forms, 

explaining how they had determined the number of cardboard squares needed to cover 

the largest chair’s seat by determining that the width and depth of the seat were each 

four squares long and multiplying four times four.  Ms. Barry re-described this to the 

class using the word “area,” explaining that Catie and Marcus had discovered a 

strategy for determining the area of the chair seats.  This prompted Catie to ask a 

question about finding the area of a triangle: 

Catie:  I just have a question [isn’t it like ] 
Ms. Barry:   [     yeah ] 
(0.3) 
Catie: for like (0.6) multiplying the triangle don’t you have to have 

like (0.3) base times height?=time- or like you have to use base 
and ((trails off inaudibly)) 
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Catie’s question, in turn, occasioned a whole-class conversation about the formula, A 

= ½*base*height, for computing the area of a triangle, reviewing the reason for 

multiplying by ½ as well as differentiating between this formula and the formula, V = 

length*width*height, for the volume of a rectangular prism. 

Sometimes exhibit remembrances engendered teachers and students to review 

learned vocabulary for exhibit features that happened to catch a student’s eye.  6th-

graders Maria and Barbara-lee began their presentation on Comparing Frequencies by 

describing the exhibit’s components in great detail.  When they got to the large 

spinning wheel, Maria explained that the wheel was marked by a series of equally 

spaced concentric circles indicating distance from the center.  During the two students’ 

engagement with the exhibit, they made extensive use of an additional set of markings 

on the large spinning wheel, a red diameter and a yellow radius, positioned roughly 

perpendicular to the diameter (see Figure 5.2). 
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Figure 5.2.  Barbara-lee (left) and Maria (right) at Comparing Frequencies.  Note the red diameter and 
yellow radius on the large spinning wheel.  Their colors have been enhanced to aid visibility. 

 

During the museum visit, Barbara-lee had been particularly taken with the discovery 

of these markings, along with a “really cool pattern” that involved them.  She had been 

so excited about this discovery that, before moving on to their next exhibit, she 

insisted on tracking down Ms. Barry in order to tell her about it.  Ms. Barry, in turn, 

was surprised by this discovery, saying that she hadn’t even noticed the two markings.  

Later during their classroom follow-up presentation, Barbara-lee and Maria attempted 

to describe these lines to the class: 

Barbara-lee:  and then there’s like a line acro:ss that’s like it’s the: 
(1.8) 
Maria:  radius? 
 

Barbara-lee wanted to name this line, but couldn’t quite find the word.  Grasping for 

the right vocabulary, she repeatedly ran an index finger from left to right over the line 
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represented in a picture she and Maria had drawn of the important features of the 

exhibit (Figure 5.3). 

  

Figure 5.3.  Barbara-lee (left in left image) traces a finger along the exhibit feature on her drawing 
(right).  The traced exhibit feature is colored red in the right-hand image. 

 

After a long pause, during which Barbara-lee continued to trace the line on the picture 

while she searched for the word she wanted, Maria proffered, incorrectly, “radius.” 

Barbara-lee, seeming somewhat relieved, endorsed Maria’s suggestion and 

continued talking, only to be interrupted by a somewhat flabbergasted interjection 

from Ms. Barry in response to the conclusion that the long line was a radius: 

Barbara-lee:  yeah and then the: [shorter line ((points to a line from 
the wheel center to the edge shown on their drawing of 
the exhibit)) 

Ms. Barry:   [WHAT? 
 
Barbara-lee, cutting her description of the “shorter line” short, met Ms. Barry’s 

interjection, in turn, with an expression of self-doubt and attempted repair: 

Barbara-lee:  what (.) what! no 

By this time, the exchange among Maria, Barbara-lee, and their teacher had caused a 

stir in the classroom and a murmuring din grew among the seated students.  As Ms. 

Barry bid, unsuccessfully, for a turn at talk, Barbara-lee and Maria continued to 
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negotiate what the right vocabulary must be.  Their talk took on a hurried pace and 

tenor, as though trying to save face by locating the right terminology before Ms. Barry 

could correct them: 

Ms. Barry:  [line aCROSS- 
Maria:   [circumference! 
Barbara-lee:  it’s the circumference 
Maria: no the line across [is ((traces a straight line from left to right in 

the air with a flattened right palm)) 
Ms. Barry:   [line across is- 
Barbara-lee: and then the short line is the radius ((points to short line 

again on exhibit drawing)) 
 

Finally, Ms. Barry was able to take the floor, albeit with mounting muttering from the 

rest of the classroom: 

Ms. Barry:  hold on the line acro:ss 
Maria: is the circumference ((Barbara-lee traces her finger across the 

drawn line again)) 
Ms. Barry:  no:: 
Maria:   [           is the radius? ] 
Students:  [diameter diameter diameter ] ((whispering then growing 

louder)) 
Ms. Barry:  diAMeter (.) 
 

The increasingly impatient input from the seated students caught Ms. Barry’s attention 

and she endorsed this vocabulary with an emphatic repetition of the word “diAMeter.” 

Ms. Barry then went on to clarify the meaning of the two terms — radius and 

circumference — that Maria and Barbara-lee had been using, prompting a nervous 

laugh and a few quiet face-saving comments, perhaps for themselves or one another: 
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Ms. Barry:  the um- the circumference [is basically pretty much 
Maria:   [u(h) hu(h) hu(h) 
Ms. Barry:   [the enti:re um circle 
Barbara-lee:  [°yeah same thing° 
(0.5) 
Ms. Barry:  now what’s the HALFway one then 
(1.0) 
Maria:  radius 
Ms. Barry:  RADius 
 

Barbara-lee, hearing Ms. Barry’s confirmation that the short line was indeed a radius, 

proclaimed, laughing under her breath, that she did, in fact, know the right use of the 

term.  Meanwhile, Ms. Barry, assessing the interaction, told the class that they would 

need to do some further review of these topics by reading a sequence of math 

storybooks that were popular among the students: 

Barbara-lee: [°oh I knew that one° 
Ms. Barry:   [gonna have to redo some circ- circumference books I 

guess 
Students:  yes yeah ((excited intonation)) 
 

Thus, this classroom remembrance of Comparing Frequencies occasioned a review of 

geometric topics and terms, as well as a humor-laden assessment of the students’ 

understandings of these definitions.  Importantly, this review and assessment were 

never part of Ms. Barry’s agenda, the field-trip instructional design, or the designed 

intent of the exhibit.  Instead, they were spontaneously engendered by Barbara-lee’s 

excited curiosity about an aspect of Comparing Frequencies, and her desire to share 

that discovery with her classmates. 

5.3  Relating Exhibits to Classroom Futures 

In addition to remembering and reviewing past classroom mathematics, 

experiences with Math Moves! exhibits also prompted projecting future elements of 
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classroom mathematics in a variety of ways.  First, Ms. Barry and Ms. Collins often 

brought up anticipated classroom topics in relation to the exhibits and student 

experiences with them.  They also picked up on aspects of students’ exhibit-related 

activities and highlighted them as themes to which they would be returning throughout 

the school year.  At still-other times, present or remembered exhibit engagements were 

made accountable to subsequent classroom expectations and assessments. 

5.3.1  Anticipating Classroom Topics 

On the day following the trip, Maple 7th-graders Catie and Marcus were 

working together to prepare their classroom presentation about Comparing Forms.  

Ms. Barry sat down with them to help them identify “mathematical terms” related to 

the exhibit.  Catie and Marcus were suggesting that they used “geometry” when they 

engaged with the exhibit because they “used shapes” (unmarked sticks and squares 

provided by the exhibit as measurement tools) to figure something out about “other 

shapes” (the chairs).  When Ms. Barry asked them to elaborate, Catie explained that 

they had compared the chairs and discovered: 

Catie:  like (.) to use geometry terms they were like all similar? but 
they’re not 

(0.4) 
Ms. Barry:  they were similar but maybe not necessarily equal to each 

other 
Catie:  yeah 
Ms. Barry: that’s the key word (.) they were SIMILAR to each other 

(0.2) we’re gonna learn about that next week of similar 
figures? and that’s where it’s so relevant to these 
comparing forms 

 
Catie was working to find and use the vocabularies and categories of the 

mathematics classroom (see also Section 4.4) to remember her and Marcus’ 
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engagement with Comparing Forms.  Her work to bring the exhibit into relation with 

school vocabulary was a conscientious, effortful striving prompted by an instructional 

task.  Excitedly endorsing Catie’s use of the word “similar,” Ms. Barry, in turn, 

projected an upcoming treatment of this topic in the class’s curriculum.  In the 

interactional process of remembering Comparing Forms through the lens of 

“mathematical terms,” Ms. Barry imagined a future classroom topic, explicitly 

foreshadowing its relevance to the exhibit. 

It was commonplace for both Ms. Barry and Ms. Collins to situate experiences 

with Math Moves! in relation to anticipated classroom content.  Like the exchange 

between Catie and Ms. Barry, this might involve relating an exhibit to a specific 

curricular topic that would be covered during the year.  While these topics were 

typically part of the year’s mathematics curricula, Ms. Collins — who taught both 

math and science to her students (see Section 3.2.2) — sometimes connected Math 

Moves! exhibits to future units in her science curriculum.  She seemed particularly 

taken with the potential relevance of Balance and Imbalance to a science unit on levers 

and pulleys, which she intended to teach later that year.  She brought this up on 

several occasions in the museum as well as whole-class discussions during the North 

Lake follow-up activities, advertising to her 5th-graders, for example, “we’ll learn such 

cool stuff about that ((Balance and Imbalance)) when we do levers and pulleys.”  The 

recurrence of this drawn connection in interactions involving Ms. Collins leant it a 

planned, intentional feeling, one that reflected her stated agenda of having her students 

“make connections.” 



215 

 

 

5.3.2  Anticipating Classroom Themes 

Ms. Collins and Ms. Barry also situated Math Moves! exhibits with respect to 

broader overarching themes that would be running through their mathematics curricula 

throughout the year.  Like the conversation between Catie and Ms. Barry about 

Comparing Forms and the upcoming unit on similar figures, these cases typically 

involved first categorizing aspects of an actual or remembered exhibit engagement in 

specialized language, then casting those categories as recurring curricular motifs.  For 

example, Ms. Collins commented to North Lake 5th-grader, Quentice, after his class 

presentation about Shadow Fractions on the second day of follow-up: 

Ms. Collins: a couple of things Quentice I love that you you know did 
multiple measurements and then you you still had some 
wonderings so (.) I encourage you to continue to explore 
to look for that you talked about variables you talked 
about patterns and you talked about trying to find a rule 

 
Ms. Collins described Quentice’s presentation using the language and categories of 

“multiple measurements,” “variables,” “patterns,” and “a rule.”  She then projected 

these as important themes to anticipate throughout the year: 

Ms. Collins: that is v(h)ery very powerful stuff that we will (.) talk 
about a lot in pre-algebra 

 
Similarly, during a whole-class discussion following the field trip, Maple 6th-

grader Percy offered as an overall impression of the excursion: 

Percy:  I thought it was fun (0.2) to find out like the different patterns   
and [stuff 

Ms. Barry: [yeah there were a lot of patterns in there 
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Picking up on Percy’s choice of vocabulary, Ms. Barry remembered Math 

Moves! with Percy as a space full of “patterns.”  She went on to cast these patterns as 

instances of an overarching curricular theme: 

Ms. Barry: yeah patterns is just a hu:ge thing that we’ll be exploring 
all through this year 

 
5.3.3  Making Exhibit Experiences Accountable to the Classroom 

A third way in which teachers and students put exhibit experiences into 

temporal relation with future school mathematics was by making present or 

remembered exhibit engagements accountable to subsequent classroom events.  The 

work of accountability was part of the process by which the field trips schooled Math 

Moves! (Chapter 4).  This kind of accountability was, in part, structured into the field-

trip curricula developed and implemented by Ms. Collins and Ms. Barry.  At both 

North Lake and Maple, students were expected to give classroom presentations about 

their assigned exhibits during the days following the excursions (see Section 3.2.4).  

On the day before the trip, Ms. Collins urged her 5th-graders to “be very careful about” 

completing their worksheets at the museum so they would be able to present this 

information on the day after the trip.  In the case of Maple, the 6th- and 7th-graders 

would ultimately be earning a test grade for their work in and just after the museum. 

Interactions among adults and children at the museum also functioned to make 

exhibit engagements answerable to future classroom events.  During the museum visit, 

sometimes this meant teachers and, occasionally, chaperones hurrying students along 

in order to assure complete worksheets and presentations in the classroom.  For 

instance, Ms. Barry, noticed toward the end of the Maple visit that Sarah and Tilly had 
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not made it to a second page of a worksheet and had little time to spare.  She 

suggested that they move away from working through the worksheets slowly to 

quickly running through the blank questions while they were still at the exhibit in 

order to make sure they would be able to complete their responses on the bus ride and 

at school the next day.  This, she explained, was important for their upcoming 

classroom presentation about the exhibit.  In this case, anticipating a future classroom 

event inflected the tone and pace of a present exhibit engagement. 

At other times, teachers drew students’ attention to specific aspects of the 

exhibits in anticipation of later curricular topics.  For example, midway through an 

engagement with Comparing Forms, Catie and Marcus were visited by Ms. Barry, 

who stopped by to see how they were doing.  They explained what they had been 

doing up until that point, informing her that they had been using various tools to 

measure both the heights and the seat areas of the chairs.  Concerned, perhaps, that 

their attention to two different measurable attributes of the chairs might later create 

some confusion, Ms. Barry said: 

Ms. Barry: great just clarify that when you’re explaining to the class 
that you know this was the- this was the relationship of 
when you were doing the seat and then the- what was the 
relationship when you were doing the height of the chair 

 
In this way, an engagement with Comparing Forms became an occasion to imagine — 

and try to preempt — potential trouble in an imminent classroom future. 

Then Ms. Barry told them that, if they had time to spare after completing their 

worksheet questions, she wanted them to investigate the tabletop scale model of the 

exhibit installed behind the smallest chair (Figure 5.4). 
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Figure 5.4.  Scale model of Comparing Forms included in the exhibit. 
 

Ms. Barry further motivated an exploration of the scale model in terms of future 

classroom events: 

Ms. Barry: we haven’t gotten to scale models yet but when we do (0.4) 
that’s where I can use your expertise in it okay? 

 
Once again, the engagement with Comparing Forms became a site for imagining a 

future classroom event, this time a slightly more distant future inscribed in the class’s 

curriculum.  Moreover, Ms. Barry was also imagining a future Marcus and Catie who 

would have developed relevant and needed expertise through their present engagement 

with the exhibit’s scale model.  This imagined future, in turn, fed back into the group’s 

present engagement, motivating attention to a specific feature of the museum 

environment.  (In fact, Catie and Marcus had already made comparisons with the scale 

model but they didn’t bring that up in this exchange, perhaps because Ms. Barry’s 

attention moved quickly on to another student pair.) 
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On one interesting occasion, a student imagined how an exhibit engagement 

might have future consequences for classroom mathematics.  At the beginning of an 

interview I conducted with North Lake 5th-graders, Claire took a turn offering her 

overall impression of the field-trip experience: 

Claire:  my overall impression was that…it was-seemed a lot easier 
(0.5) to learn math like that (0.5) because you’d really 
remember it? (0.4) and the:n when it comes to: a: hard problem 
on a test? you could relate back to that? 

 
While the Maple students’ field-trip experience would actually be counted as a test 

score, and one North Lake 5th-grader suggested a test should accompany Math Moves! 

(see Section 4.3), Claire was suggesting that the experience in the exhibition would 

help with a future mathematics exam.  Attributing a high level of memorability to the 

exhibition, she situated it in service of a hypothetical — but routine — future 

encounter with school assessment:  arriving at a hard problem on a test.  At my 

request, Claire elaborated with an example, referring to the exhibit Sensing Ratios: 

Claire: like for the um (0.8) the noise one? (0.2) it’d be like you could 
reme:mber (0.7) like (0.4) the- you could visualize the um 
coordinate plane better (1.0) a:nd and then you’d- you would 
know like (0.8) I don’t know it’s hard to explain 

 
As she was remembering the graphical display on Sensing Ratios, she imagined 

remembering it again in the future when, hypothetically, it would come to the aid of 

solving a challenging test problem by making it easier to “visualize.”  In this way, 

Claire’s act of remembering the exhibit imaginatively made it answerable to a 

hypothetical future in her mathematics classroom. 
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Interpretively staying present with Claire’s utterance for a moment, attending 

to the gestures accompanying her talk gives, I think, a more nuanced picture of just 

how Claire imaginatively puts Sensing Ratios in service of a hypothetical mathematics 

exam.  The design of Sensing Ratios involves a multi-sensory ecology of haptic 

manipulation (i.e. moving the handles) coupled with auditory (pitch modulation) and 

visual (digital display of a dynamic curve on the x-y plane) feedback (see Appendix A; 

see also Section 8.3.1 for a more in-depth analysis of this exhibit’s design).  Claire, of 

course, does not refer to Sensing Ratios by name but, rather, starts and pauses for a 

moment, striving to identify and bring to imaginative presence the exhibit she will use 

as an example.  As Claire says “the noise one?,” she curls her right-hand fingers in 

towards her palm and moves her hand back and forth in front of her, depicting the 

manipulation of the exhibit’s handles (Figure 5.5). 

 

Figure 5.5.  Claire says “the noise one?,” as she gesturally depicts moving one of the knobs at Sensing 
Ratios. 
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Together, Claire’s talk and gesture identify and bring the exhibit to quasi-presence by 

evoking the aspects of it that involve listening as well as moving and feeling with the 

hands. 

While Claire initially defines the exhibit in terms of haptic and auditory 

experience, it is vision — the third sensory modality made prominent by Sensing 

Ratios — that figures first into how Claire imagines the future memorability of the 

exhibit.  As she says “you could visualize the um coordinate plane better,” she alludes 

gesturally to the exhibit’s digital monitor that displays a real-time graph on a 

coordinate plane.  She flattens her right hand in front of her and, running it loosely 

along vertical and horizontal trajectories on a plane in front of her, imaginatively 

evokes the exhibit display (Figure 5.6). 

 

Figure 5.6.  Claire depicts the graphical display of Sensing Ratios, saying “you could visualize the um 
coordinate plane better.” 
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For me, Claire conjures an image of a future Claire — or, better, a future generic 

someone, “you” — seated at a desk, pencil hesitating over a tough question written on 

the exam.  Confronted with the question’s difficulty, “you” will imaginatively 

summon the screen of Sensing Ratios in front of “your” desk, which, in turn, will 

become part of seeing the coordinate plane more vividly and accurately.  The sense of 

‘seeing’ at Sensing Ratios will resurface to produce a tool made of imaginative 

sensory reverberation.  Perhaps the question will involve plotting points or graphing 

curves in a way that depends on this moment of visualization. 

While Claire seems clear on the potential future utility of the exhibit’s visual 

display, there is something else she wants to — but can’t quite — articulate.  As she 

continues “a:nd and then you’d- you would know like”, she bimanually gestures a 

depiction of holding both handles at Sensing Ratios (Figure 5.7). 

 

Figure 5.7.  Claire gesturally depicts holding the knobs at Sensing Ratios, saying “and then you’d- you 
would know like.” 
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Her talk and gesture intimate to me an additional important — but difficult-to-

verbalize — element of the exhibit’s hypothetical future relevance to the tricky test 

problem.  It is a knowing that will inhere in “your” hands, in the imaginative re-

evocation of the exhibit’s handles, in a remembered haptic sensing at Sensing Ratios.  

But while the knowing that will come with remembering the exhibit’s visual display is 

something Claire feels she knows how to say, the knowing of the hands is “I don’t 

know it’s hard to explain.”  The hypothetical future accountability of Sensing Ratios 

to school mathematics manifests, in part, through an inarticulate, lived haptics.  Thus, 

as Claire makes Sensing Ratios answerable to a future classroom test, her talk and 

gesture implicitly tease out elements of the exhibit’s action-perception ecology that 

will be the handiest in this imagined future:  the visual component in service of better 

seeing the coordinate plane and a haptic piece whose utility is felt but not readily 

articulated. 

5.4  That’s Slope 

In this chapter, I have illustrated how teachers and students situated Math 

Moves! with respect to past and future classroom events, topics, and possibilities, 

during instances of engaging with, remembering, and imagining the exhibits.  I 

examine here a final in-depth micro-analytic case study in which interactants situate 

an exhibit with respect to both past and future classroom mathematics.  To explore in 

greater detail the role of multimodality in producing temporal entanglements between 

the exhibition and the classroom, I trace shifting suites of inter-elaborating talk, 

gesture, and socio-material artifacts as participants embed a spontaneously 



224 

 

 

encountered exhibit feature within a curricular trajectory.  In particular, I hope to draw 

attention to a couple of qualities of this interaction.  First, throughout this analysis I 

aim to illustrate how the interaction is both (a) spontaneously engendered by a very 

brief, last-minute encounter with an exhibit in the context of play, and (b) occasioned 

by the happenstance presence of certain material artifacts.  Second, I explore the role 

of gestural repetition in enacting a perceptuomotor resonance across heterogeneous 

spatio-temporal scenes. 

The episode begins in the museum but then moves into the classroom:  

Samantha and Lindsey, Maple 7th-graders, have only a handful of minutes left before 

the end of the museum visit.  Now that they have completed their worksheets on 

Sensing Ratios and Balance and Imbalance, their assigned Math Moves! exhibits, they 

find themselves unsure of what to do next.  Samantha wonders aloud whether they 

should ask Ms. Barry for permission to try another exhibit.  Lindsey hesitates, citing 

their dwindling time in the museum.  Taking the lead, as she often does in her 

interactions with Lindsey, Samantha decides to try out Shadow Fractions.  As she 

heads toward the exhibit, she addresses Lindsey’s worry, saying “we don’t have to DO 

it” and that, instead, they can “just play around with it.” 

Lindsey puts away her worksheets and follows Samantha to Shadow Fractions.  

For a few minutes, the two girls play with Shadow Fractions, spontaneously moving 

wolves and bunnies around on the grid while animating them with growls and high-

pitched voices, crafting bits and pieces of fairytale scenes and narratives, and laughing 

at the occasional unexpected effect of a particular material arrangement.  When Ms. 
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Barry stops by to tell them they will be leaving shortly, Samantha quickly explains to 

her teacher “we were just playing around.”  Ms. Barry encourages them to continue 

playing for a few more minutes before they “straighten up” Shadow Fractions and a 

neighboring exhibit. 

As they straighten up Shadow Fractions, Samantha and Lindsey happen across 

a perplexing feature of the exhibit:  a long string emanating from roughly the location 

of the light source and affixed to a magnet that can be placed anywhere on the vertical 

grid.  Both girls express puzzlement, but they are running out of time.  Samantha 

glances at a relevant section of the exhibit label (Figure 5.8), then briefly experiments 

with placing the magnet on the vertical grid so that it appears to cap the chimney of 

one of the houses (Figure 5.9). 

 

Figure 5.8.  Exhibit label at Shadow Fractions related to the string. 
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Figure 5.9.  Samantha (left) and Lindsey (Right) at Shadow Fractions.  They have placed the magnet to 
appear as a cap on the chimney of the house shadow. 

 

Samantha puts the house and magnet away almost immediately after setting them up, 

and the two girls decided they had better finish cleaning up in order to depart from the 

museum, leaving the mystery of the string unsolved for the time being. 

It’s an easy moment to pass over, Samantha’s and Lindsey’s fleeting brush 

with the puzzling string at Shadow Fractions.  My videography gear tells me that their 

puzzlement over the string lasted less than a minute of clock time.  Moreover, the girls 

are in a hurry to leave and are, professedly, just playing around with it.  In fact, I must 

confess that I might have passed over the ephemeral encounter with the string had it 

not bubbled back up in the classroom the next day. 

I turn now to an exchange between Ms. Barry and Samantha during their first 

day of classroom follow-up activities.  Samantha and her partner, Lindsey, are now 

working on preparing their presentation about Sensing Ratios when Samantha 
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ventures off task to ask Ms. Barry a question about Shadow Fractions.  The puzzling 

string at Shadow Fractions is still on Samantha’s mind and a picture of the exhibit just 

so happens to be on display on the classroom smart board, having been used in Ms. 

Barry’s previous discussion of the presentation requirements.  The photograph, as it 

turns out, shows a visitor using the very same string that has been puzzling Samantha 

(Figure 5.10). 

  

Figure 5.10.  Photo on left shows photograph provided by Math Moves! website 
(www.mathmoves.org).  Photo on right shows the photo on the left displayed in the Maple mathematics 

classroom.  Samantha (distal left, partially occluded) and Ms. Barry are looking at it. 
 

Looking at the photograph displayed in her classroom now, Samantha says to 

Ms. Barry: 

Samantha:  I have a question about that one 
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Samantha appears to garner the attention of Ms. Barry, her partner Lindsey, and 

Marcus, who is sitting close by.  Throughout the exchange between Ms. Barry and 

Samantha, Lindsey and Marcus appear to participate as silent but attentive observers. 

Continuing, Samantha explains that she and Lindsey had spent some time with 

the exhibit: 

Samantha:  ‘cuz like we looked at it 

Having glimpsed the smart board display, Ms. Barry now looks back towards 

Samantha as she poses a question about the puzzling string and magnet: 

Samantha:  what was that little thing that you- magnet (.) um 

As Samantha asks about “that little thing that you- magnet”, she slowly extends her 

left arm up and to the left, pinching her fingers as if grasping the magnet (Figure 5.11). 

 

Figure 5.11.  Samantha (left in distance, partially occluded) extends her left arm up and to the left, 
pinching her fingers as if grasping the magnet at Shadow Fractions.  Sitting in the same cluster of desks 

from left to right are Ms. Barry, Lindsey, Catie, and Marcus. 
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Samantha’s gesture depicts and re-conjures the string by means of its use.  Like the 

cup-and-saucer gesture (Figure 5.1), the movement of her hand both displays and 

awakens the haptic feel of the string in use.  Interestingly, the direction and 

positioning of the gesture are roughly similar to those of the visitor portrayed in the 

displayed image, as if Samantha is also using the exhibit as it is depicted and oriented 

in the image.  Thus, the particular morphology of her gesture makes it possible to see 

it as environmentally coupled (Goodwin, 1994, 2007) with the photographic artifact.  

This coupling both enriches the imagined material context for the action of her hand 

on the imaginary string and layers a gestural dynamism over the static image. 

As Samantha completes this multimodal question, Ms. Barry audibly exhales 

as a smile of recognition grows across her face.  Her expression of excited response to 

Samantha’s curiosity is not unlike the affect of discovery she tried to share with Catie 

and Marcus over the guided discovery of “volume” at Scaling Shapes (see Section 

4.4).  Ms. Barry turns again to the smart board and points toward the string, drawing 

her hand as closely as she can to that part of the image while remaining in her seat 

(Figure 5.12). 
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Figure 5.12.  Ms. Barry points toward the string in the displayed photograph of Shadow Fractions. 
 

Samantha follows the direction of her pointing, again looking toward the smart board.  

As Ms. Barry completes and holds her pointing gesture, she asks Samantha to confirm: 

Ms. Barry:  that thing right [there? 
Samantha:   [the string yeah 

 
Holding the pointing gesture through the first part of her response and 

returning her gaze to Samantha, Ms. Barry answers succinctly: 

Ms. Barry:  that’s slope (0.5) 

Ms. Barry identifies this tangible-yet-mysterious feature of an imaginatively 

remembered exhibit with the mathematical concept of slope.  Through the mutual 

elaboration of Ms. Barry’s talk and environmentally coupled gesture, the bit of string 

tied to a magnet emerges as something to be seen as (Hutchins, 2008) an instance of 

an important curricular topic.  There is something striking to me about Ms. Barry’s 

pithy (though idiosyncratic) utterance that equates all the potential complexity evoked 
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by the idea of slope with a bit of string tied to a magnet, encountered in a last-minute 

moment of play.  It expresses an artful responsiveness to Samantha’s happenstance 

puzzlement, picking up on it and amplifying its import through a cogent act of 

naming. 

Continuing, Ms. Barry points again to the photograph of Shadow Fractions, 

this time adding a subtle pulsing repetition to her indexical gesture, as she reiterates 

the pointing rhythmically with each word (Figure 5.13): 

Ms. Barry:  all those 

 

Figure 5.13.  Ms. Barry iterates several small points toward the image of Shadow Fractions, saying “all 
those.” 

 

The plural referent in her talk combined with the repetitive rhythmicity of her pointing 

gesture suggest that she is indicating a collection of objects rather than the single 

string, perhaps the various plastic figures arranged underneath the string in the image.  
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Interrupting herself, she pauses briefly then alludes to a potential future classroom 

topic: 

Ms. Barry:  (0.3) so a- if we get to that (.) 

As her talk refers to a potential future classroom activity, Ms. Barry turns her gaze 

back to the image, relaxing her pointing gesture briefly then returning it toward the 

smart board (Figure 5.14). 

 

Figure 5.14.  Ms. Barry says “so a- if we get to that,” briefly relaxing her hand toward her face amidst a 
sustained point to photograph of Shadow Fractions. 

 

The multiple layers of her utterance — conditional talk combined with gesture and eye 

gaze that index the displayed image of Shadow Fractions — blend together an 

anticipated destination in the year’s curricular trajectory with specific features of 

Shadow Fractions as they are being imaginatively re-evoked by Samantha and her 

teacher.  There is a sense in which yesterday’s string is part of a potential destination 

that Ms. Barry and her class may “get to” later in the year. 
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Having situated the string-as-slope in relation to an anticipated future 

classroom topic, Ms. Barry returns to the collection of objects on the photographed 

Shadow Fractions, turning her gaze back to Samantha as she continues to point toward 

the board (Figure 5.15): 

Ms. Barry:  all of those there= 

 

Figure 5.15.  Ms. Barry says “all those there,” as she turns her gaze toward Samantha.  She sustains the 
point toward the photograph of Shadow Fractions. 

 

Ms. Barry interrupts herself again, this time to situate the puzzling exhibit feature in 

relation to past participation in Maple mathematics during the previous school year: 

Ms. Barry:  =remember how you talked about slope [last year? 
Samantha:   [mmhmm? 

 
Although Ms. Barry was not Samantha’s 6th-grade teacher, she was aware of the 

curriculum Samantha had had, and had also had Samantha in her homeroom that year.  

Drawing on this shared history, Ms. Barry continues to hold her pointing gesture 
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toward the Shadow Fractions photograph while looking at Samantha.  Sustaining the 

pointing gesture while referencing the previous year’s curriculum, Ms. Barry’s 

multimodal utterance keeps present together yesterday’s exhibit experience with last 

year’s classroom treatment of slope.  Nodding, Samantha confirms that she remembers 

covering the topic of slope in the previous year. 

Ms. Barry continues: 

Ms. Barry: (0.5) those relationships of when you had all the different 
features? 

Samantha:  mmm 
 

As she talks, she continues to hold her pointing gesture a little while longer, briefly 

glancing back again at the photograph of the exhibit.  Then, turning her gaze back to 

Samantha, Ms. Barry performs a bi-manual gesture, creating an angle with her left 

forearm, then moving her right open palm up and to the right at the same angle as her 

left arm (Figure 5.16). 

 

Figure 5.16.  Ms. Barry says “those relationships of when you had all the different features?” 
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In some ways, Ms. Barry’s gesture morphologically echoes Samantha’s previous 

gesture (Figure 5.11).  It too traces a similar trajectory at an angle and orientation that 

align with the displayed photographic image of Shadow Fractions.  This quality of 

gestural repetition — what gesture scholars sometimes refer to as a catchment 

(McNeill, 2005; Nathan & Alibali, 2011) — evokes a morphological resonance and 

continuity with Samantha’s prior string gesture. 

Standard definitions of gestural catchment tend to emphasize repetition, 

constancy, and the re-establishment of a prior original.  For example, Nathan and 

Alibali (2011) state that, when a catchment is performed, “distinct features of a gesture 

… are reenacted in order to reinstate the referent of the original gesture.”  Here, 

however, I suggest that it is both repetition and variation in Ms. Barry’s performance 

of the catchment that are crucial for the work of interweaving, in this case of 

interweaving the string with the arrangement of objects at Shadow Fractions.  

Specifically, Ms. Barry’s bimanual gesture is no longer observably a handling gesture 

depicting the use of the string.  With both palms held firmly open, fingers extended 

and close together, the gesture in no way depicts the precision grip that is so 

fundamental to using the string and magnet (compare Figures 5.11 and 5.16).  What is 

now being depicted is not so much the string itself, but a piece of a linear trajectory, 

one that inheres in the “relationships” among the “different features” at Shadow 

Fractions.  Her gesture plays off of the material arrangement represented in the 
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photograph, coupling with the smart-board display so as to make visible a diagonal 

line segment that dynamically unfolds along the path taken by the string. 

Now, Ms. Barry applies (somewhat idiosyncratically) the terminology of “line 

of slope” to name the mathematical object produced by the “relationships” among the 

“different features” at Shadow Fractions: 

Ms. Barry:  made (0.6) a line of slope 

As she says “made,” Ms. Barry briefly returns her gaze to the displayed photograph of 

Shadow Fractions, sustaining its vitality in the present imaginative interaction.  She 

prepares to perform the catchment for the third time during this exchange, again in a 

way that meaningfully interplays repetition and variation.  Maintaining her left hand 

and forearm in the same, static slant position, Ms. Barry brings her right hand into a 

precision grip position as if holding the imaginary string (Figure 5.17) similar to 

Samantha’s initial performance of the catchment (Figure 5.11): 
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Figure 5.17.  Ms. Barry prepares to perform the gestural catchment again, looking toward the 
photograph of Shadow Fractions and saying “made.” 

 

Then, during the pause in her talk and continuing into her saying “a line of 

slope,” Ms. Barry returns her gaze to Samantha and moves her right hand along the 

same linear trajectory as before, maintaining the precision grip (Figure 5.18). 
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Figure 5.18.  Ms. Barry performs the catchment with a precision grip in her right hand, saying “a line of 
slope.” 

 

Keeping her left hand and forearm in the slanted position, Ms. Barry keeps present the 

previous utterance and all that it evoked.  However, its potential elaboration by the 

action of her right hand creates the sense that her left hand and forearm can also be 

seen as depicting part of the string most closely attached to the light source.  Moving 

her right hand up and to the right, Ms. Barry again evokes the materiality of the 

exhibit string with precision grip, animating it through dynamic motion. 

Samantha voices a sound of recognition or realization as Ms. Barry elaborates, 

keeping her right arm still as if holding the magnet against the exhibit’s vertical grid: 

Samantha: [                        mmmmmmmmmm ] 
Ms. Barry: [cuz they were all proportionate to each other (0.7) ] 
 

With Samantha indicating that she is following her teacher so far, Ms. Barry begins to 

evoke another, more recent classroom past.  Ms. Barry asks Samantha to remember 
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with her now the classroom task — begun the day before the field trip — involving 

graphing similar rectangles on a coordinate plane (see Section 4.5): 

Ms. Barry:  do you know when you’ve made that- that graph of similar 
figures 

 
As Ms. Barry says “when you’ve made that- that graph of similar figures,” she uses 

both index fingers to trace dynamically two rectangular shapes in the space between 

her and Samantha, one smaller than the other (Figure 5.19). 

  

Figure 5.19.  Ms. Barry traces two rectangles in the air. 
 

Having evoked the recent classroom activity of drawing the rectangles, Ms. Barry now 

recalls the rectangles themselves as Samantha voices that she does indeed remember 

the task: 

Ms. Barry:  of all those different rectangles? 
Samantha:  yeah 
 

As Ms. Barry says “of all those different rectangles?,” she performs a series of three 

bimanual gestures depicting three nested rectangles, each larger than and containing 

the last (Figure 5.20). 
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Figure 5.20.  Ms. Barry depicts three nested rectangles with a bimanual gesture, saying “of all those 
different rectangles?”  Rectangle images drawn by author. 

 

The gesture fleshes out the recollected drawn imagery, adding visual detail that 

resurfaces the rectangles’ mutual orientation in the classroom task. 

In moving from drawing the rectangles (Figure 5.19) to placing them, already 

made, in relation to one another (Figure 5.20), Ms. Barry’s talk and gesture create a 

kind of ephemeral tableau or surface contextualizing her next utterance.  Now Ms. 

Barry and Samantha remember the lines the class drew earlier that week, connecting 

the similar rectangles’ right-hand corners and the origin: 

Ms. Barry:  remember when you draw that (.) [line there? ] 
Samantha:   [line (.) yeah ] 
 

As Ms. Barry and Samantha verbally recall drawing the line on the rectangles 

problem, Ms. Barry performs the gestural catchment yet again (Figure 5.21). 
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Figure 5.21.  Ms. Barry performs the catchment again, saying “remember when you draw that (.) line 
there?” 

 

Pinching her thumb and first finger together in a precision grip position, she traces an 

imaginary line in the air, positioned so as to connect the imaginary rectangles she has 

just depicted in the prior utterance, but at an exaggerated scale relative to the 

rectangles.  Now the gesture enacts drawing the line on the remembered classroom 

task.  At the same time, the gesture’s morphology is nearly identical to that of the 

previous performance of the catchment depicting the use of the string on Shadow 

Fractions (compare Figures 5.18 and 5.21).  Moreover, the orientation and scale of the 

gesture in space echo those of the previous performances of the catchment and thus, as 

I interpret it, potentiates seeing it as coupled to the displayed photograph of the 

exhibit. 

To say this differently, there is a sense in which Ms. Barry is both drawing the 

line through the rectangles from the previous classroom task and lifting the magnet 
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and string up to the vertical grid of Shadow Fractions.  Through the performance of 

the catchment, the two actions (drawing the line and pulling the string) and the 

remembered scenes in which they are embedded (the rectangles activity the day before 

the field trip and the visit to Math Moves!, respectively) seem to collapse onto one 

another for a moment.  They blend together through a uniting perceptuomotor motif 

that is at once a visible gestural performance and a felt kinesthetic act.  Like Sarah — 

who caught the same unexpected feeling of swift, skilled performance at Partner 

Motion as she had felt many times before when running a pencil along the edge of a 

classroom ruler — Ms. Barry’s final performance of the catchment intimates, 

embodies, and engenders a living kinesthetic co-incidence between drawing the line 

over the rectangles and pulling the string over Shadow Fractions. 

Returning to discussions of catchment in the gesture literature, Nathan and 

Alibali describe a catchment in terms of its ability to “highlight conceptual 

connections across seemingly different entities.”  While at first blush, the ontological 

ambiguity of this phrase might allow it to apply to the interaction between Samantha 

and Ms. Barry, there is something about this language that doesn’t quite capture the 

interactional-experiential moment.  For Nathan and Alibali’s description conjures, for 

me, an image of plotting links in a landscape of finished objects whose mutual 

alienation produces a need for rapprochement, what Ingold (2007, 2011) might 

describe as a network.  And within this theoretical geography I can’t quite locate the 

living, perceptuomotor resonance of drawing the line and pulling the string, a 
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resonance that seems, to me, to be at the heart of this moment of exhibit-classroom 

entanglement. 

Ms. Barry and Samantha return now to the project of naming: 
 
Ms. Barry:  guess what that line was 
Samantha:  slope 
Ms. Barry:  slope 
 

Throughout the exchange, Ms. Barry holds her right-hand gesture, gripping the 

imaginary pencil-string with her right hand (Figure 5.22). 

 

Figure 5.22.  Ms. Barry sustains the catchment gesture and the drawn line it imagines as she and 
Samantha name it. 

 

The gestural hold keeps the imagined string-line present while she and Samantha 

(again, somewhat idiosyncratically) name it. 

Then Samantha says, quietly but definitively: 

Samantha:  °got it° 
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Ms. Barry points and looks again toward the photograph on the smart board and smiles 

(Figure 5.23). 

 

Figure 5.23.  Ms. Barry, smiling, points back toward the image of Shadow Fractions just before turning 
to Samantha and saying “isn’t that cool?” 

 

Then, turning her gaze back to Samantha she asks “isn’t that cool?,” rhetorically 

inviting Samantha to share with her an affect of discovery at this occasioned, 

spontaneous resonance. 

5.5  Summary Discussion 

During instances of engaging with, remembering, and imagining Math Moves!, 

Ms. Barry, Ms. Collins, and their pre-algebra students engaged in a plethora of 

different practices for establishing temporal relationships between Math Moves! 

exhibits and ongoing participation in mathematics at Maple and North Lake.  In some 

cases, exhibit experiences occasioned remembering past classroom tasks, reviewing 

definitions and formulas from school math, and even expressing a perceptuomotor 
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similarity between the skillful use of classroom and museum tools.  At other times, 

Ms. Barry and Ms. Collins situated a particular exhibit or exhibit feature in relation to 

anticipated topics in math and science, as well as to overarching themes they identified 

in their curricula.  Relating exhibits to future classroom events also involved making 

exhibit engagements accountable to future classroom events.  This, in turn, shaped 

how students engaged with the exhibits, orienting their attention, for instance, to 

features relevant to a future curricular unit. 

In the last case analyzed in this chapter, Ms. Barry and Maple 7th-grader 

Samantha situated Shadow Fractions with respect to both past and future curricular 

treatments of slope, embedding it within an encompassing trajectory of Maple 

mathematics.  In particular, an intricate coordination of talk, material artifacts, and 

environmentally coupled gesture layered together a feature of Shadow Fractions, past 

and future curricular treatments of slope, and a recent classroom task.  Repetition and 

subtle modulation of a gestural catchment figured prominently in this layering process, 

establishing a morphological resonance of drawing a line during class with 

manipulating the magnet at Shadow Fractions. 

As a collection, the cases in this chapter lead me to suggest a provisional 

distinction between what I call external connection and spontaneous resonance 

between Math Moves! exhibits and school math.1  External connection and 

spontaneous resonance are two interactional-experiential modalities for doing the 

work of interrelation, both of which may be present to some degree in any given 
                                                
1This is loosely inspired by considering Ingold’s (2011) distinction between networks and 

meshworks respectively in the context of the cases presented in this chapter. 
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moment.  Perhaps the more familiar of the two modalities, external connections are 

configurations of two distinct entities and a mapping of the links between them. 

External connections often have the qualities of being relatively scripted or planned; 

writ in advance into instructional tasks or agendas, external connections tend to be 

explicit, though not necessarily detailed.   

In my present thinking about this distinction, a quintessential example of doing 

external connection is the routine practice in museum education of identifying content 

standards to which an exhibition or program might conceivably relate.   The practice 

takes the exhibition or program, on the one hand, and a set of standards, on the other 

hand, then works to articulate a mapping between them.  The Math Moves! educator 

guide, for instance, provides a list of Common Core State Standards (see Appendix B, 

pp. 8-9) that SMM educators identified as either directly or indirectly connected to the 

exhibition.  In this chapter, I see the work of external connection surfacing, for 

example, in the explicitness with which Maple students attempt to identify and record 

previous classroom tasks related to their assigned exhibits, or the more detailed 

mappings Ms. Barry articulates between wheel location at Comparing Frequencies and 

bike gears in a remembered classroom word problem. 

Spontaneous resonance, on the other hand, is an unanticipated reverberation 

with a relatively implicit or felt quality.  It is the unexpected surfacing of a 

perceptuomotor echo that blends spatio-temporal scenes into one another.  

Spontaneous resonance might happen in the re-membering of an episodic feeling 

(Nemirovsky, 2011) or, in this chapter’s final case (Section 5.4), through a gesture that 
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is at once the manipulation of an exhibit object and the drawing of a line on a 

classroom task.  In Chapter 9, I return to this distinction to propose a direction for 

field-trip instructional design that values and attends to spontaneous resonance. 

The next chapter (Chapter 6) is a brief interlude that follows a complimentary 

dynamic to those investigated in Chapters 4 and 5.  Rather than attending to the 

myriad ways in which North Lake and Maple mathematics shaped and temporally 

incorporated exhibit experiences, Chapter 6 is a meditation on the subtle ways in 

which exhibit materials and body-based pedagogies infiltrated the classrooms at North 

Lake and Maple.  That is, Chapter 6 explores how the field trips to Math Moves! 

moved school math. 
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CHAPTER 6 

Moving School Math:  Disrupted Grammars and Ephemeral Flows of Museum 

Materials and Pedagogies into the Mathematics Classroom 

 

6.1  Introduction 

In this brief interlude I explore a contrapuntal dynamic to that investigated in 

Chapters 4 and 5.  Rather than tracing how schooling at North Lake and Maple moved 

into exhibit experiences, I follow how the field trips moved — that is, disrupted, 

shook up, or brought new materials and ideas into — North Lake and Maple schooling 

and mathematics. 

6.2  Disrupting North Lake and Maple Grammar 

In an ethnographic study of school excursions to an art museum and historical 

monument, Nespor (2000) describes field trips as “disruptions in the standard 

‘grammar’ (Tyack and Cuban 1995) of school practice” (p. 29).  Indeed, the Maple 

and North Lake field trips to Math Moves! did appear to interrupt certain elements of 

the schools’ specific grammars.  Both cases involved a substantial geographic shift, 

with nearly hour-long bus rides that transported students, teachers, and chaperones 

from the schools’ rural-suburban milieus into the heart of St. Paul’s renovated 

downtown, then back again. 

Like many off-campus excursions, the field trips also disrupted the normal 

organization of student supervision.  Over the course of the excursions, Maple and 

North Lake students exited classroom micro-geographies permitting extensive teacher 
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oversight, then hopped onto school buses, whose adult passengers, clustering toward 

the front seats, created ample opportunity for under-the-radar exchanges and 

transgressive moves.  Once they reached their destination, students disappeared, 

incompletely, into the hubbub and open floor-plans of the science museum, leaving 

teachers and chaperones in a near-constant state of seeking now this student, now 

another. 

The trips also scrambled the social groupings characteristic of each of the 

schools.  This interruption appeared to be very important for most students, whether 

that meant spending time with a friend in a different set of classes or tolerating a less-

welcome partner.  During classroom preparation, students routinely met, with subtle 

expressions of delight or dismay, Ms. Barry’s and Ms. Collins’ announcements of 

museum partner pairings.  During the Maple and North Lake trips respectively, 

students from different grade levels and ability tracks co-mingled with one another 

and with the occasional parent accompanying the trip as a volunteer chaperone.  In 

some cases, students were paired with classmates with whom they seldom interacted, 

or, even more disruptively, with an opposite-gender peer.  At both North Lake and 

Maple, these social-grouping rearrangements ramified all the way into the classroom 

spaces during the days surrounding the trip, with students temporarily re-assigned to 

different desks based on their field-trip pairings. 

These rearrangements, in turn, shook up the grammar of gender at each of the 

schools.  At North Lake, this meant deviating from the boy-girl-boy-girl seating 

pattern typically assigned to prevent chitchat between same-gender peers.  And at 
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Maple, the class numbers worked out so that there was an anomalous boy-girl pairing 

in each of the 6th- and 7-th grade classes, a choice that involved extensive deliberation 

on the part of Ms. Barry, who worried about teasing and counter-productive 

interpersonal dynamics. 

6.3  Pretend that we are at the museum 

On the day before the field trip, North Lake students sit according to a newly 

assigned desk pattern that, Ms. Collins explains, locates museum partners next to one 

another.  Students have opened their math notebooks and are writing the words, “Math 

Moves!,” at the top of a new page, taking care to include the exclamation point at their 

teacher’s instruction.  Ms. Collins is introducing her morning 5th-grade class to the 

preparatory “games” they will be playing in order to get acquainted with “the ideas 

that this exhibit wants you to explore.”  Ms. Collins describes the first “game,” telling 

the students that they are going to “pretend that we are at the museum.”  Standing to 

one side of the classroom, perched — perhaps more conspicuously than I would like 

— behind a video camera, the words, “pretend that we are at the museum,” reverberate 

in my thinking, and I make a note to return to this moment in the video later.  I wonder 

what it will mean for Ms. Collins and her students to pretend to be at the museum as 

students begin to get up from their desks to play the first game, “Whole and Half.” 

The 5th-graders file out of the tightly packed rows of desks to seek out the 

room’s edges, pushing chairs and hurrying around one another (Figure 6.1). 
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Figure 6.1.  North Lake 5th-graders get out of their desks to play Whole and Half. 
 

The classroom’s peripheries and in-between nooks are newly in demand because they 

accommodate the kinds of free-range physical movement entailed by the game.  

Ironically they also marginalize it, quite literally, by moving it out of the ample 

classroom real estate typically devoted to mathematics.  This flight into the margins 

threatens to give me practical trouble so I nervously scoot my cameras even closer to 

the walls.  I chuckle quietly at my own assumptions about where the action would 
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(and wouldn’t) be that day when I positioned the cameras earlier that morning (Hall, 

2000). 

To play “Whole and Half,” one person creates an interval of space between 

two hands, or one hand and the floor.  The second person must respond by placing a 

hand halfway between the ends of the interval.  As Whole varies her hand placement, 

Half must keep up by moving her hand accordingly (Figure 6.2). 

 

Figure 6.2.  Playing Whole and Half in one of the classroom’s margins:  the space in front of the desks 
where Ms. Collins usually stands at the board. 

 

Players can vary the game by alternating whether Whole or Half takes the lead, or 

experimenting with different fractions.  Another version of the game played during the 

North Lake preparation activities involves whole-body ambulation; as Whole walks 

some trajectory through the classroom, Half responds by walking that same path at 

half the speed.  Again, this version of the game can be modified to include different 

speed relationships and variations in leadership. 
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While the hand version of “Whole and Half” initially drives the students out of 

their assigned desks and into the classroom’s edges, it is the game’s whole-body 

variation that most clearly impinges on the micro-geography of the classroom.  

Retrospectively lingering now on the scene, the activity of pretending to be in the 

museum strikes me as an imaginative — albeit physically awkward — blending of 

Math Moves! and the mathematics classroom.  The exhibition’s emphasis on somatic 

experience and whole-body movement layers incongruously over the classroom 

environment, built for quite a different suite of activities.  Spontaneous, playful 

motions ephemerally import the exhibition’s body-based pedagogy (see Chapters 2, 7, 

and 8) into the mathematics classroom, even in advance of actually visiting the 

museum.  As the students move, so too does the classroom’s architecture, minutely.  

With each nudge of a chair or curve-hugging transit around a desk, the room’s 

furniture seems less a place to do mathematics and more an impediment to it (Figure 

6.3). 

   

Figure 6.3.  Playing the whole-body version of Whole and Half. 
 

In addition to the whole-body movement experiences emphasized by Math 

Moves! exhibits such as Half Whole Double and Partner Motion, the exhibition also 
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positions the body as a tool for measurement.  For instance, among the numerous 

modes of embodied engagement permitted by Comparing Forms (see Chapter 7), the 

exhibit invites visitors to use body parts to measure and compare different dimensions 

of its three chairs.  The second “game” the North Lake classes play on the day before 

the field trip echoes this tool-becoming of the body.  Embarking next on a “Ratio 

Hunt” in their classroom, the students again meander through the room’s less-explored 

crevices, searching for, for instance, “something that’s three times longer than your 

thumb,” or “an object that’s two times the circumference of your arm.”  Ms. Collins 

has urged them to forgo standard measurement tools in favor of using their bodies 

alone to hunt down the objects.  She has explained that they may not have these kinds 

of tools when they are at the science museum, saying, “I want you to be able to use 

what you have with you, and that would be your body.” 

As the 5th-graders walk hands along the edges of textbooks or the smart board, 

pop off shoes to size up the teacher’s desk, and lie down on the floor to measure the 

room’s width in units of body length, the body-based design of Math Moves! again 

mixes with and transforms the classroom space (Figure 6.4). 

 



256 

 

   

Figure 6.4.  Students hunt for ratios in their classroom.  One student (left) measures the bottom of the 
smart board in arm lengths.  Another student (middle), temporarily in her socks, measures the teacher’s 
desk with her boots.  A third student (right) measures the room’s width by laying his entire body on the 

floor iteratively across the room. 
 

The classroom’s architecture and eclectic collections of objects become a terrain to be 

surveyed by hands, feet, forearms, heads, and fingers.  Like the chairs in Comparing 

Forms, a desk chair becomes less a place to sit and more an object of body-based 

measurement as a student stretches a thumb and middle finger wide apart to span its 

top edge (Figure 6.5). 

 

Figure 6.5.  A student stretches a hand across the top of a desk chair to measure it. 
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Meanwhile, Ms. Collins ambles through the room, straightening the occasional 

disrupted object and reminding students to “just be very careful of the space.”  In my 

own interpretive gaze, the reminder gently resurfaces the classroom-as-built and the 

more typical everyday practices of dwelling in it.  While the design of Math Moves! 

perturbs the architecture of North Lake mathematics, it does so with “careful” and 

fleeting subtlety. 

6.4  Material Echoes and Imports 

While the North Lake field-trip-preparation activities drew into the classroom 

the exhibition’s repertoires of whole-body movement and body-based measurement, 

elements of Ms. Barry’s ratio and proportion unit echoed other materials and activities 

from the exhibition.  In the case of Maple, Ms. Barry was explicit about importing 

certain aspects of the exhibition into her curriculum.  During an interview, she told me 

about two specific classroom tasks in her ratio-and-proportion unit, mapping each of 

these to a specific exhibit in Math Moves!. 

The first of these was the classroom task involving graphing similar rectangles 

on a coordinate plane (see Section 4.5).  Ms. Barry explained to me that she was 

thinking of “the shadow one” (likely Shadow Fractions) as closely related to that task.  

Although I did not press her to elaborate on the relationship she saw at the time, she 

did this anyway on the day after the field trip, during an occasioned exchange with a 

7th-grader (see section 5.4). 

The second task, entitled, “Double Dimension of a Solid,” involved creating a 

rectangular prism and exploring how doubling one, two, or all three of its dimensions 
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would affect its volume.  A student could simply imagine or sketch the prism and its 

transmutations, or she could physically build the family of prisms using cubic blocks 

available in the classroom.  Ms. Barry explained to me during an interview that she 

had decided to include this task in her unit because of how closely it mirrored the 

exhibit Scaling Shapes, which includes similar block materials and suggested 

challenges.  Although she couldn’t quite get to this classroom task with her 7th graders 

before the field trip, she explained to her 6th graders on the day before the trip that 

Scaling Shapes would build on the task by introducing more “complex figures” than 

the task’s rectangular prisms. 

6.5  Summary Discussion 

Chapters 4 and 5 tell stories about schooling Math Moves! and stitching it into 

curricular time.  The short collection of snapshots in the present chapter hints toward 

another kind of dynamic that was also present during the trips.  This dynamic shook 

up the grammars at North Lake and Maple, perturbed classroom spaces and furniture 

at North Lake, and moved new tasks and materials into Maple mathematics.  The final 

two interpretive chapters (Chapters 7 and 8) take a deeper plunge into rupture, 

discontinuity, and contradiction.  They examine how the field trips to Math Moves! 

moved — or destabilized — normative boundaries around the category of 

mathematics altogether. 
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CHAPTER 7 

Desettling Mathematics on Field Trips to Math Moves! 

 

7.1  Introduction:  So Many Ways to the Mountaintop 

In the days prior to the North Lake field trips to Math Moves!, Ms. Collins and 

I are sitting down in her classroom for an interview.  The school day has just ended 

and the two of us are easing into a more relaxed and conversant dynamic.  She is 

telling me a little bit about her approach to teaching, explaining that she tries to create 

“a strong culture of trust and support” in her classroom.  She offers as an example that 

she occasionally has her students read one another’s science notebooks in order to gain 

an appreciation of different styles of note taking.  Then, further elaborating a multiple-

strategies teaching ethos, she says, “Same thing with math strategies you know.  So 

many different ways to get to the mountaintop.”  Later, during a classroom follow-up 

activity on the day after the field trip, Ms. Collins articulates this many-paths-one-

destination philosophy of learning mathematics again.  During a whole-class 

discussion about the gallery walk activity (see Section 3.2.4), Ms. Collins says, 

“Recognizing other people’s thinking is very big for us as learners.  In math, we talk 

about different ways to get to the answer.” 

Reflecting on this geographic metaphor for learning mathematics, it strikes me 

as a powerful way to summarize one way of thinking about Math Moves! and its 

educative potential.  This readily available logic positions the exhibition as one among 

many routes to “get to the mountaintop” of mathematical understanding.  Under this 
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logic, the exhibition’s emphasis on physical interactivity and multi-sensory experience 

might best be explained as an attempt to provide a more hands-on pathway to 

mathematical content.  Variants of this quick-to-the-tongue logic tacitly inflect widely 

circulating discourses about “hands-on” learning, manipulatives, and interactive 

science centers in general.  For example, a version of this way of thinking arguably 

undergirds the decades of research aiming to link manipulatives-based instruction to 

school-based measures of mathematical achievement (Sowell, 1989).  As I understand 

them, field-trip studies that compare the effects of classroom instruction and science-

museum excursions on student understandings of the “same” content (e.g., Flexer & 

Borun, 1984; Wright, 1980) also instantiate this logic (see Chapter 2); the classroom 

and the science museum function as different paths to the same destination and the 

question becomes which might amount to the better route. 

In this chapter, however, I tell the story of how teachers and students on school 

field trips to Math Moves! taught me to see the exhibition in another light.  In 

particular, it became increasingly clear to me over time that a description of Math 

Moves! as a mere “hands-on” or “interactive” route to an otherwise-unaltered 

mathematical content domain would amount to a limited account of the exhibition’s 

potential.  Instead, as I immersed myself into the exhibition and the school field trips it 

hosted, I came to feel that Math Moves! is not so much an alternative way to the 

mountaintop as it is a proposal to re-envision the landscape itself.  Through its body-

based and materials-rich design, the exhibition stages a confrontation with long-

standing disembodied and immaterial philosophies of mathematics that have inflected, 
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inter alia, the infrastructures of schooling, mathematics education, and popular culture 

alike (see Chapter 2).  Stated another way, the sensual-material medium in which the 

exhibition is built is also part of its message.  Or, at least, it appeared to be so at times 

for teachers and students who engaged with it in the context of a school field trip. 
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7.2  The Desettling Pedagogy of Math Moves! 

Upon entering Math Moves!, a visitor finds herself in a multi-sensory, 

materials-rich  landscape (Figure 7.1). 

 

 

Figure 7.1.  Photograph of Math Moves!.  Taken by author, October, 2012. 
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Ears attune to staccato polyrhythms sounded by Comparing Frequencies, lithe 

inflections of pitch and volume emanating from Sensing Ratios, and the ubiquitous 

chattering din of visitors of all ages.  Eyes trace the intricate, artful curves crafted by 

visitors at Drawing with Gears, Partner Motion’s multi-colored surfaces and digital 

display, and dynamic plays of light and shadow at Shadow Fractions.  Invited by the 

exhibition to grasp, touch, and manipulate, hands feel the grinding reverberations of 

moveable gears at Shapes in Circles, assess the heaviness of weights at Balance and 

Imbalance, and slide over the unyielding plywood surfaces and edges of blocks and 

chairs at Scaling Shapes and Comparing Forms.  At times, the visitor’s physical action 

on and in the environment moves beyond the hands alone as she races, hops, or 

saunters along Partner Motion’s tracks, clambers atop the largest chair at Comparing 

Forms, or arches her spine back trying to see the towering shadow cast by her own 

body at the immersive exhibit Half Whole Double.  Meanwhile the exhibition’s 

technologies seem largely novel, unfamiliar, or, in the words of North Lake 5th-grader, 

Michael, “oddball.” 

As I discuss in Chapter 2 (Section 2.4), the emphasis that these “oddball” 

technologies place on action, sensation, and materiality stems from an interest Math 

Moves! designers, evaluators, and researchers — including myself — had in embodied 

philosophies of mathematical thinking and learning.  Motivated by the conjecture that 

even the most apparently abstract mathematical concepts are ultimately understood in 

terms of concrete body-based experience, throughout the course of the prototyping and 

development process, members of the design collaborative were exploring notions of 
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mathematical embodiment through research and experimentation with suites of 

actions, sensations, and materials for engaging with mathematics.  This lent to the 

exhibition design an emerging pedagogical aesthetic centered on providing visitors 

with a sensually diverse range of novel material and somatic resources for developing 

and enriching understandings of mathematical concepts. 

Throughout the course of interpreting the data from this project, however, I 

have come to appreciate the importance of a second, related role embodied 

mathematical cognition plays in Math Moves!.  I suggest that, in addition to informing 

the design medium for the exhibition, mathematical embodiment is also part of the 

exhibition’s implicit message.  From this vantage, the agenda of the exhibition is not 

simply to provide a body-based route to otherwise-familiar mathematical content, 

another way to the mountaintop.  Rather many elements of the exhibition’s design can 

be seen as confronting longstanding disembodied and immaterial views of 

mathematics (see Section 2.4).  As a message forwarded by Math Moves!, 

mathematical embodiment is perhaps most succinctly evidenced by the exhibition’s 

exclamatory, declarative title, particularly when paired with giant displayed images of 

moving bodies (see Figure 7.2). 
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Figure 7.2.  Math Moves! entrance to prototype installation at the Science Museum of Minnesota.  
Photograph taken by author, September, 2010. 

 

More subtly — though salient enough to be noticed readily by my research 

participants — the multi-sensory, interactive, and materials-rich design of the exhibits 

tacitly proposes a more material ontology of mathematical objects and a fleshier 

epistemology of mathematical knowledge.  Math Moves! tells the visitor a story in 

which mathematics inheres in tangible objects and events while mathematical 

knowing happens in hands and feet just as much as in the head. 

Indeed, both Ms. Barry and Ms. Collins appeared to be attuned to — and 

orienting their students toward — that story.  For example, multisensory experience 

and material objects figured prominently in Ms. Barry’s preparatory description of the 

exhibition to her 6th-grade class.  Displaying a sequence of photographic images of the 

exhibits to which students would be assigned, Ms. Barry spoke of “little weights and 

different hooks you can put them on,” described an exhibit as “really cool and…really 
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loud,” directed students to “look how there’s a green button,” and donned a shrill 

intonation to imitate an exhibit’s “ding ding ding sound.” 

While Ms. Barry’s sensual description was informed by her visit to the 

exhibition the year before, Ms. Collins, too, appeared keenly cognizant of the 

exhibition’s embodied message, likely based on perusing the Math Moves! website.  

On the day before the trip, after framing the classroom-preparation activities as being 

about ratios and fractions, she repeatedly oriented her students to their own physical 

movements and the use of the body as both a tool and object of measurement.  For 

instance, during a whole-class discussion of the “Whole and Half” activity (see 

Section 3.2.4) she asked the students to reflect on what they “think about moving 

around to think about these ideas of part to whole through movement.”  A few minutes 

later, while setting up the ratio-hunt activity (see Section 3.2.4), she lingered on a 

prompt that involved finding the circumference of one’s own arm.  Asking students to 

offer suggestions for ways to measure that circumference, she discouraged them from 

appealing to familiar tools like tape measures but rather suggested that “let’s just use 

our body tools.”  And during a whole-class orientation to the upcoming trip, Ms. 

Collins encouraged her students to “learn and touch and move” while they were in 

Math Moves!.  Finally, during our first interview prior to the trip, Ms. Collins 

explained to me that she expected the experience to “[open] up a big new piece of [the 

students’] thinking,” saying, “the size of the objects, and, you know, yeah, this is what 

I want you to do, yeah, move your body, it’ll be just so intriguing to them and a 

novelty.” 
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Ms. Collins’ description of the movement in Math Moves! as an intriguing 

novelty points to what I have come to see as the exhibition’s disruptive or 

destabilizing potential within a cultural-historical backdrop in which Cartesian dualist 

views have long dominated, inter alia, psychology, cognitive science, philosophy of 

mathematics, theories of mathematical cognition, and pop-cultural images of 

mathematics (see Chapter 2).  In the words of Bang, Warren, Rosebery, and Medin 

(2012), I suggest that Math Moves! has the potential to desettle limiting assumptions 

and expectations about the nature of mathematics and mathematics learning.  Bang et 

al. argue that opportunities for learning and development can be made more expansive 

and inclusive through the practice of identifying, making explicit, and problematizing 

“entrenched, usually hidden, boundaries that tend to control the borders of acceptable 

meanings and meaning-making practices” (p. 303), a process they call desettling.  

Speaking from the fields of science education and educational equity, they focus on 

desettling normative delineations between the constructs of nature and culture within 

standard (and increasingly standardized) school science. 

To do this Bang et al. (2012) bring static and categorical definitions of life 

codified within school science curricula and standards into dialogue with (a) 

increasingly fluid and relational definitions emerging from contemporary professional 

biology, as well as (b) non-Western or indigenous construals of life and ecological 

interdependence.  They report on a series of teaching and design experiments that 

purposefully engaged these more dynamic, relational understandings of life in order to 

desettle normative curricular framings of the core biological concept of life.  Through 
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qualitative case analyses, the authors illustrate how a desettling paradigm stands to 

expand contexts for learning and development in ways that are more inclusive, 

heterogeneous, and transformative.  For example they describe a community-based 

design experiment that aimed to engage indigenous youth in scientific sense-making 

about their local environment.  The designed learning environments purposefully 

incorporated and valued relational understandings of life, including local indigenous 

histories of ecological interdependence with the non-human world (e.g. through the 

use of medicinal plants).  The authors trace how this project opened up opportunities 

for biological sense-making among historically non-dominant students, while 

unearthing and confronting anthropocentric understandings of nature and their 

ecological consequences. 

In their concluding reflections, Bang et al. opine, “In a way similar to shifting 

constructions of mind and body in studies of embodied cognition (Hall & 

Nemirovsky, 2012), we want to suggest the importance in desettling of shifting 

constructions of relationships between human beings, other organisms, and the 

material world” (p. 315).  Reaffirming this parallel, over the course of this project, I 

have increasingly come to view Math Moves! as a practice of desettling tacit mind-

body dualist assumptions that narrowly delimit mathematical sense-making (see 

Chapter 2).  That is, I have come to understand the exhibition as troubling the mind-

body chasm in lieu of (or perhaps as an instantiation of) the culture-nature divide 

problematized by Bang et al. 
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That Math Moves! might be functioning as a desettling context for teachers 

and students on field trips to the exhibitions is evidenced by how salient the material, 

body-based pedagogy of Math Moves! was for Ms. Barry and Ms. Collins, even in 

their initial framings of the exhibition to their students.  The desettling potential of the 

exhibition is further intimated by how salient and surprising the exhibition’s embodied 

modalities and materialities were for the students.  North Lake 5th-grader Rhonda told 

her group mates during a classroom follow-up activity that she was surprised that the 

exhibition posed so many opportunities for “using your hands.”  Maple 6th-grader 

Maria, relaying her overall impression of the trip during an interview, said that she 

“never thought that you could use ratios and fractions and stuff like the way they were 

used and like displayed.”  She went on to say that she was expecting the exhibition to 

be somehow different than it was.  When I asked her to elaborate on what she had 

anticipated going into the exhibition, she said that she didn’t expect, “where you can 

spin the wheel and walk and everything and all the shadows and stuff.”  On this 

account, the very embodied modalities (e.g. spinning wheels and walking) and 

materialities (e.g. shadows and stuff) of Math Moves! were unexpected contexts for 

the mathematical objects of fractions and ratios. 

A similar sentiment was articulated in an interaction between Ms. Barry and 

Maple 6th-grader Mark.  During a whole-class discussion that kicked off the class’s 

follow-up activities, Ms. Barry asked the students to share their overall impressions of 

the trip to Math Moves!.  When Ms. Barry calls on Mark, he foregrounds the tangible, 

visible, and material dimensions of the exhibition: 
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Mark:   I thought it was cool because you could like put math into 
shadows [and shapes ] and chairs a:n:d ((trails off)) 

Ms. Barry:   [ yhhea:hh ] 
 

Here Mark begins by indicating the exhibition’s surprising or novel quality, calling it 

“cool.”  He explains that cool-ness in terms of the varied, sensual materiality of the 

exhibition’s “shadows,” “shapes,” and “chairs,” trailing off as though he may have 

other examples on the tip of his tongue. As Mark trails off, Ms. Barry enthusiastically 

concurs, 

Ms. Barry: yeah (.) I mean (.) that was just a:ll math 

Like Mark, she takes an affective stance of interested surprise or wonder at her own 

assertion that the whole exhibition is indeed mathematics. 

During actual engagements with the Math Moves! exhibits, the exhibition’s 

desettling potential operated in more subtle ways, manifesting more through affective 

shifts rather than explicit discussion.  In particular, the design of exhibits and 

instructional materials seemed to imply reconfigurations of bodies, tools, and objects 

in relation to more familiar — or settled — mathematical objects and practices.  When 

they were met with surprise and laughter, these reconfigurations became visible by 

dint of the rupture or “breach” (Garfinkel, 1967) they appeared to bring about.  This 

was often the case when the exhibition and instructional materials topicalized somatic 

experience for the students by positioning it as an object of explicit attention. 

For example, during their engagement with Partner Motion, Maria and 

Barbara-lee arrived at a section of the worksheet that prompts the completion of the 

sentence fragment: 
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As a walker, I felt… 

Following the creation of a computer-displayed graph using whole-body motion along 

the rainbow tracks, the sentence fragment invites explicit reflection on the feeling of 

one’s walk.  It foregrounds the kinesthetic-proprioceptive feel of engaging with the 

exhibit.  Reading the fragment aloud, Barbara-lee jokingly proffers a completion of 

the sentence: 

Barbara-lee: as the walker I felt ve(h)ry sp(h)ecial (hh) 

Laughing through her description, she keys (Goffman, 1974) feeling “very special” as 

a playfully disingenuous completion of the sentence.  The joking insincerity of her 

response gently pokes fun at the instruction to attend to her own bodily experience and 

intimates a kind of tenuous surprise. 

At other times, I noticed a similar affective response to worksheet questions 

involving cultural practices that center around somatic experience and embodied 

performance.  For example, consider a fleeting non-verbal interaction between Sarah 

and Tilly during their engagement with Comparing Frequencies.  An ephemeral 

exchange of looks and facial expressions unfolded in response to arriving at a 

worksheet prompt: 

Which combinations of clicks make you want to dance? 

Prior to this moment, the two girls had been working out how disk size and 

placement correspond to the frequencies of the exhibit’s clicking sounds, examining 

the clicking sounds in relation to the material arrangements that gave rise to them.  

The worksheet question to which the girls must now respond, however, proposes a 
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transformation of the exhibit’s sounds into a sensory-aesthetic resource.  Instead of 

being objects of inspection the sounds are now framed as forming an aesthetic milieu 

in intimate rhythmic dialogue with experiences of imagined bodily movement and 

display.  Again, the shift appears to move Sarah and Tilly to laughter and surprise. 

Sarah has just read aloud, “Which combinations of clicks make you wanna 

dance?”  As she comes across the word “dance” she promptly turns her gaze to Tilly, a 

dimpled smile spreading across her face.  Tilly, in turn, meets Sarah’s gaze and the 

two of them look at one another silently for a brief moment.  Sarah smiles while Tilly 

appears to be gauging Sarah, perhaps unsure how to respond.  Still grinning, Sarah 

looks back towards the exhibit and says emphatically, “Okay! Let’s try this!” 

Tilly echoes this response, smiling now herself and turning her gaze back to the 

exhibit as well.  She lets out a short giggle and the two girls begin exploring different 

combinations of disks on the large spinning wheel.  With each arrangement, they 

assess the dance-ability of the ensuing sound patterns, pausing to listen intently after 

each placement of the wheels and grimacing to one another at the sound of several un-

danceable combinations.  When they finally arrive at an arrangement that “sounds 

cool,” they bob their heads to the beat, carefully entraining to the sounds emitted by 

the exhibit with subtle rhythmic movement. 

7.3  what the HECK? 

For a third, more in-depth example of desettling exhibit engagements that 

foreground bodily experience, I consider here a moment of interaction with 

Comparing Forms that I describe as an instance of desettling the mathematics of 
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measurement.  Maple 6th-graders Sean and James had particularly long engagements 

with a small number of exhibits while they were at Math Moves!.  After spending 

about 40 minutes at Shadow Fractions, Ms. Barry guided them to their second 

assigned exhibit, Comparing Forms.  She introduced them to the exhibit, explaining 

that it included a variety of different objects that could be used to take measurements 

of the chairs.  She encouraged them conscientiously to select, keep consistent, and 

record which dimension (e.g. total height, seat area, etc.) of the chairs they would be 

measuring. 

After this introduction, Sean and James spent a little over 10 minutes 

responding to an open-ended question Ms. Barry had included in their worksheets 

asking them to explore “how many ways is the bigger chair double the size of a 

small?”  In response to this prompt, they first selected from among the provided tools 

unmarked wooden sticks of consistent lengths.  Then they worked together to place 

the sticks end to end vertically along the backs of each of the chairs, beginning at the 

floor and ending when the last stick was flush with the top (Figure 7.3, left).  After 

doing this for each chair, they wrote down on their worksheets the number of sticks it 

took to cover the chair’s height.  When they had performed this sequence of actions 

roughly identically for each of the chairs, they made comparisons among the inscribed 

numbers to assess potential relationships of “double” among them.  For example, they 

determined that the height of the smallest chair was one stick, while the height of the 

largest chair was four sticks, and concluded by multiplicatively comparing these 

quantities that the largest chair could not be considered double the smallest chair.  
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Sean and James then repeated this process using white cardboard squares and a 

standard tape measure (Figure 7.3, middle and right). 

   

Figure 7.3.  Sean (white shirt) and James (black shirt) measure the heights of the chairs (largest chair 
shown) using unmarked sticks (left), squares (middle), and a standard measuring tape (right). 

 

Sean’s and James’ activity during this time is easily recognizable within the 

canons of mathematics education as one of decomposing and analyzing spatial 

extension through measurement and quantitative comparison (e.g., Lehrer, 2003).  

Specifically, after isolating a quantitative attribute of the chairs (height), they iterated 

both standard (the measuring tape) and non-standard (unmarked sticks and squares) 

units to produce a numerical representation of that attribute, replicating the procedure 

for each chair.  They inscribed these numbers on their worksheets, then compared 

them to determine how the chair heights might be related.  While this activity 

produced a numerical ordering of the chair heights, it did so without any demonstrable 

value judgment, that is, without positioning one chair as somehow better or worse than 

another. 

Phenomenologically, the chairs in the exhibit — or, more aptly, the “forms” in 

Comparing Forms — are figured by the activity during these 10 minutes not primarily 
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as familiar everyday cultural instruments of use, but rather as objects to be scrutinized, 

quantified, and compared using uniform units of measure.  In a way, the chairs are 

much less chairs than they are, in Heideggerian language, present at hand (Heidegger, 

1962/1927).  Meanwhile, embodied activity and experience work fluently in the 

background, positioned largely in service of performing the practical work of 

measuring, writing, and communicating.    Working intently, with little distraction, the 

interactional tenor during this time is pensive and even-keeled, affectively echoing the 

value-neutral measurements and comparisons being made among the chairs. 

In the ensuing minutes, this familiar mathematics of measurement is placed in 

unexpected juxtaposition with a different mode of engagement, one proffered by their 

assignment and the exhibit design as another way of making sense of size and scale.  

After Ms. Barry stops by again and hastens them to move onto the next worksheet 

page, the boys are confronted with the prompt: 

Sit in all three. How does it feel? Compare your ideas with your friends. 

The prompt sparks a noticeable transition in the boys’ engagement with the exhibit, 

evidenced most clearly by a dramatic affective shift.  Sean reads the prompt first, 

quietly to himself.  Then, as he puts some measuring tools away, he exclaims: 

Sean: WHAT the- (1.7) what the HECK? 

Sean’s “what the HECK?” expresses a surprised incredulity toward the worksheet’s 

directive, but why might that be?  Of course, being invited to sit in a chair — at least 

one of typical size — isn’t inherently occasion for surprise, but, in the present context, 

the invitation is experienced as disruptive or unexpected. 
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Interpretively lingering, for a moment, in Sean’s “what the HECK?,” I locate 

this surprise within the reconfigurations of exhibit objects, bodies, and spatial scales 

implied by the seemingly simple directive to sit in the chairs.  Once present-at-hand 

forms to be scrutinized, decomposed into quantitative attributes, and numerically 

compared, the chairs now become, indeed, chairs; that is, cultural artifacts experienced 

more predominantly as ready-to-hand (Heidegger, 1962/1927) instruments of 

everyday dwelling.  Meanwhile, the prompt proposes a contrapuntal transformation 

with respect to the body.  While hands, eyes, and feet have so-far served transparently 

in the background in service of familiar ways of measuring, now the body’s somatic 

experiences are positioned in the fore, to be attended to and communicated explicitly.  

Embedded within the overarching activity of a mathematics field trip and the 

preceding sequence of activities that fit more squarely within settled notions of 

measurement, I suggest that this reconfiguration tacitly proposes an alternative mode 

of apprehending scale.  This proposed practice for understanding relative size inheres 

in somatic experience and the qualitative feel of the body in relation to the everyday 

things with which it copes, rather than in the analysis, decomposition, and 

quantification of present-at-hand objects characteristic of familiar definitions of 

measurement.  I suggest, then, that Sean’s uneasy affect expressed by his exclamation 

“what the HECK?” indexes the pedagogical potential of the exhibit and worksheet to 

desettle the mathematics of measurement. 

After questioning what is on the worksheet in a way that subtly reiterates his 

own incredulity, with heightened volume and enunciation Sean re-reads: 
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Sean: WHAT does it say? (2.4) sit in all three chairs.=how does it feel, 
compare your ideas with your friend 

 
Sean’s re-reading aloud of the worksheet prompt is especially articulate, complete, and 

audible, as though he is performing a verbal double-take layered with a kind of 

quotative intonation. 

Both boys stand up, smiles growing on each of their faces.  The emotional 

tenor of the interaction evolves from surprise to revelry.  James laughs and grins even 

more widely as he sits down on the medium-sized chair, facing himself in the mirror 

(Figure 7.4). 

 

Figure 7.4.  James, smiling, sits on the medium-sized chair. 
 

Sean climbs atop the large chair, letting out a celebratory exclamation imbued with 

laughing inhales and exhales (Figure 7.5), as James announces how the medium-sized 

chair feels: 

Sean:  he-he:y Y [E:S (hh) (hh) ((breathy laughter)) 
James:   [this one feels normal 
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Figure 7.5.  Sean climbs atop large chair.  Still taken from 1st-person camera.  Image is blurry due to 
Sean’s movement. 

 

Taking their seats in the chairs, large mirrors stationed in front of them reflect their 

own images back towards them (Figures 7.4 and 7.5).  Textual labels positioned on the 

mirrors ask, “How do you fit in this chair today?”  Reflectively doubled and displayed, 

bodies move even more fully into the experiential foreground as both loci of somatic 

experience and visual attention. 

Attending closely to the ways in which James and Sean now bodily negotiate 

the task of sitting in the medium and large chairs respectively, I am struck by the 

contrast between the present scene and the ways in which they have previously been 

assessing and comparing the sizes of the chairs.  The earlier way of measuring the 

chairs was based on iterating uniform units by manipulating the provided 

measurement tools along the heights of the chairs in a sufficiently consistent manner 

across all three chairs:  place the first unit at the base of the chair, then repetitively 



280 

 

concatenate those units upward taking care to avoid overlaps or gaps.  The sizes of the 

chairs could then ultimately be expressed as numeric quantities and quantitatively 

compared with one another.  Now, however, the size of the chairs is more a quality 

than a quantity, an aspect of the overall feel of sitting in them.  For example, James’ 

chair “feels normal,” in addition to having a height of 36 inches.  And differences 

between the chairs’ sizes are not just a matter of comparing 36 inches to 72 inches but 

also are based on fundamentally different affordances (Gibson, 1979) for physical 

action1.  For example, while James easily lowers his body to sit in a chair that roughly 

fits his body, Sean must improvise a way of clambering atop the largest chair, using 

both hands and extending on tip-toes to hoist himself up (Figure 7.5) to a position in 

which his feet can no longer reach the floor. 

Having found a way to climb atop the large chair, Sean sits with legs 

outstretched, barely clearing the seat’s depth (Figure 7.6). 

                                                
1 I am grateful to Tim Ingold for pointing this out to me. 
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Figure 7.6.  Sean outstretches his legs on the large chair.  Still taken from 1st-person camera.  Image is 
blurry due to Sean’s movement. 

 

With his gaze moving back and forth between his mirror image and James, who 

approaches the small chair, Sean attends to his own appearance on the large chair 

while attempting to be noticed by his peer.  Sean’s laughter renders him nearly 

breathless as he tries to get James’ attention to pronounce his chair the “best.” 

(0.6) 
Sean:  I get the BEST chair James (0.8) Ja(h): 
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Characterized just a few minutes ago by “72 inches,” now the largest chair’s size 

relative to the others’ is primarily one of merit or value.  Four sticks, eight squares, or 

72 inches tall, Sean’s chair is now also “the BEST.” 

Sean’s laughter and attempts to get James’ attention persist as James sits on the 

smallest chair (Figure 7.7), describing the feeling there in terms of an imagined return 

to preschool: 

Sean:   [Ja(h)mes (0.6) James 
James: [t(h)is one feels like I’m in pr(h)eschool again 
 

 

Figure 7.7.  James feels like he is in preschool again. 
 

Once one stick, two squares, or 18 inches tall, the size of James’ chair is now also a 

matter of personal memory, physical and cultural associations between the petite and 

the puerile, and the awkward ergonomics of sitting low to the ground with knees bent 

well above hip level.  Exuberant affects mount as both boys are talking to and over 
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one another through thickening laughter, experiencing and seeing themselves and each 

other in the under- and over-sized chairs. 

Their laughter waxes even more ebullient as Sean finally succeeds in getting 

James’ attention.  With words now densely inflected by laughing breaths, Sean repeats 

the exclamation, “yes,” and reiterates that the chair on which he is sitting is the “best.”  

James laughs as well as he approaches Sean on the large chair: 

Sean:  YE(H):s (h)e: [YE:s this 
James:   [e(h):: 
Sean:  (h)one is the be [st (h)e:: 
James:   [e(h): 
Sean:  (h)e: (h)e [(h)e 
James:   [a(h):a 
 
At this point, the laughter has heightened noticeably in conjunction with sitting 

on the two non-“normal” chairs.  Thus, while the suggestion to notice and discuss the 

embodied feel of the chairs is initially met with surprised smiles, the blooming hilarity 

of the exchange is further catalyzed by sustained, whole-body engagement and self-

observation with the chairs’ exaggerated scales.  There is something that is just funny 

about sitting in those oddly sized chairs, and the mounting humor strikes me not just 

as an index of the assignment’s unexpectedness but also an element of what it 

currently means to make sense of the spatial scales of the chairs.  In other words, the 

interaction seems to me to position emotion as a constituent of a desettled practice for 

grasping the size of things. 

The engagement with the chairs continues in this vein for another half-minute 

or so, with each boy’s eventually sitting on each of the chairs and voicing a 

description of its feel.  Ultimately, both Sean and James end up describing the 
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medium-sized chair as “normal;” the large chair as “the best” and “like I’m the king” 

respectively; and the small chair as “like I’m playing with my dolls” and “like I’m in 

preschool again” respectively.  In the process, settled measurement as an impersonal 

(i.e. reliable) mode of quantifying objects is interrupted with improvisatory, 

autobiographical acts of reimagining (“like I’m the king,” “like I’m playing with my 

dolls”) and remembering (“like I’m in preschool again”) selves in relation to scale.  

Value-neutral ordering is juxtaposed with allusions to material (“the best”) and social 

hierarchies (“like I’m the king”). 

Laughter and near-breathlessness pervade the remainder of this instance of 

desettled measurement, perhaps culminating when, sitting on the small chair, Sean 

exclaims: 

Sean:   and this one feels like I’m playing with my D(h)↑O↓LLS! 
 [(huh) 
James: [WHEE::! 
 
As Sean loudly cries “dolls,” his voice cracks, lending the first part of the 

word’s pronunciation a sharp, high pitch.  During the laughter that trails the end of 

Sean’s “dolls,” James squeals “WHEE::!” as he begins to slide off the large chair. 

Having made the rounds through all three chairs, the two return to their 

worksheets, which have been left on the floor.  As James closes this part of the 

engagement with a pronounced “okay,” they proceed to the next worksheet prompt 

that begins with the directive: 

Measure the chairs. 
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Reading these subsequent instructions, the scene’s affect calms; laughter diminishes, 

voices lower, and smiles soften, marking a felt return to a more even-tempered and 

familiar mode of assessing and comparing the sizes of the forms in Comparing Forms. 

In summary, over the course of this interaction, I suggest that the destabilizing 

potential of the exhibition operates through implicit — but surprising — 

reconfigurations of bodies, tools, and objects in a way that desettles the mathematics 

of measurement.  Specifically, the instructional materials and exhibit design stage a 

startling interplay between the quantitative decomposition of present-at-hand objects 

with the lived affordances of cultural artifacts.  As I have come to see it, there is an 

important equivocal quality to this interplay.  On the one hand, there is a sense in 

which imaginatively feeling like a king is legitimized as a genuine mode of 

mathematically engaging with Comparing Forms; after all, the invitation to do so is 

embedded within a sequence of mathematically familiar measurement exercises 

assigned by their mathematics teacher in the context of a class excursion to a 

mathematics exhibition.  Perhaps, then, the interplay is one of rapprochement, of 

restoring the imaginative, historied, and emotive body’s everyday spatial coping in its 

environment to the mathematics of measurement, proportion, and scale.  On the other 

hand, the interplay also has a quality of juxtaposition or mutual interruption.  The 

invitation to sit on the chairs is immediately followed by the directive to measure 

them, suggesting that the former is not quite the same as the latter.  Sean’s and James’ 

talk, physical action, and affective expression clearly demarcate this moment from the 

recognizable measurement activities that precede and follow it.  And while the 
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instigating prompt is inscribed on a worksheet page assigned by their mathematics 

teacher, there is no space or invitation to record or represent this part of the 

engagement.  Thus, while the instructional materials legitimize grappling with spatial 

scale by imagining being in preschool again, they simultaneously render this mode of 

making sense invisible to regimes of mathematical assessment.  Imagining being in 

preschool again, while invited by the materials, is, in the end, left off the record.  

There is a perplexing sense, then, for me, in which being the king is both ratified and 

devalued as genuine mathematics over the course of this engagement. 

Far from being a deficiency or lack of resolution, I suggest that the 

ambivalence of this interplay between quantitative decomposition and lived affordance 

points to an important aspect of the desettling pedagogy of Math Moves!  That is, 

there isn’t compelling evidence — either from my field work or from my knowledge 

and involvement in the exhibition’s design history — that the interaction kicked off by 

Sean’s “what the HECK?” is an instance of imperfect transmission.  It is not a case of 

an unequivocal message about the nature of mathematics only partially reaching its 

intended audience.  Instead, I propose that the desettling pedagogy of Math Moves! is 

provocative rather than authoritative, destabilizing rather than corrective, questioning 

rather than answering.  It tentatively proposes new experimental repertoires of actions, 

sensations, affects, and materials, and imagines that these might become part of new 

cultural images of mathematics.  It asks, and prompts its visitors to ask, “What counts 

as mathematics?” 
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7.4  Summary Discussion 

Rather than being another way to the mountaintop of mathematical 

understanding, in this chapter I proposed that field trips to Math Moves! opened up an 

experience of the exhibition as desettling normative assumptions about the nature of 

mathematics and mathematical sense making.  This desettling quality, I argued, was 

indexed by the salience and surprise that the exhibition’s body-based, materials-rich 

design held for the teachers and students at North Lake and Maple.  I examined how 

the reconfigurations of bodies, tools, and materials proposed by the exhibition amount 

to an invitation — but, importantly, not an injunction — to envision mathematics 

along new, fleshier lines.  And, in the process of relaying this invitation, I concluded 

that the exhibition opens up the question of what counts as mathematics.  In Chapter 8, 

I further dwell on this question and its relevance for North Lake and Maple field-trip 

goers to Math Moves!. 
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CHAPTER 8 

What Counts as Math when Math Moves? 

 

8.1  Introduction 

In Chapter 7 I argued that field trips to Math Moves! created an educational 

context that functioned to desettle mathematics for the teachers and students of North 

Lake and Maple.  As the exhibition’s multi-sensory materiality became increasingly 

salient for the participants, it evoked expressions of surprise, puzzlement, or 

incredulity.  I traced how exhibit engagements foregrounded embodied experience and 

newly configured bodies, tools, and materials in relation to mathematics.  There was a 

sense, I found, among the participants that Math Moves! had an unexpected quality, 

that it proposed something out of the ordinary.  This, in turn, I concluded, re-opened 

the question of what counts as mathematics.  In the first part of this chapter, I elaborate 

on the relevance this question held for field-trip visitors to Math Moves! 

As I noticed students’ growing disquietude over the mathematical status of the 

exhibition, I too became curious about this matter and had numerous conversations 

with them about whether and how they saw the exhibition as being mathematical.  I 

was taken aback — and continue to be — by how eager North Lake and Maple 

students were to talk about what counts as mathematics at particular exhibits, as well as 

the exhibition as a whole.  The complexity of ideas they articulated in interactions with 

myself and one another struck deep chords in my own thinking about the exhibition 

and its potential to desettle mathematics, sometimes in ways that have left me with my 
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own ambivalences and questions.  The second part of this chapter, then, is about 

instances in the data in which students were working out, with various degrees of 

subtlety, different provisional responses to the question of whether and how Math 

Moves! counts as mathematics.   While these instances predominantly come from the 

interviews I conducted, I also attend to a few cases of engaging with and remembering 

the exhibits in the museum and classroom. 

8.2  What Counts as Mathematics? 

Research on out-of-school and cross-setting mathematics learning has 

repeatedly asked whether and how to recognize different activities as instances of 

learning or doing mathematics, as well as the ways in which the answer to that 

question might vary based on who is answering it and under what circumstances (e.g. 

Esmonde et al., 2013; McDermott, 2013; Stevens, 2013).  It might appear that, without 

schooling’s institutionalized delineations of mathematics as a ‘knowledge domain’ — 

a demarcation that manifests in the structuring of both school time and space (Stevens, 

Wineburg, Herrenkohl, & Bell, 2005) — the recognizability of mathematical activity 

as such becomes obscured by the messiness of life in the wild settings of museums, 

homes, playgrounds, grocery stores, and so on.  For instance, research on everyday 

mathematical thinking and learning has found that activities that researchers identify as 

‘mathematical’ are typically in service of and embedded within a seemingly ‘non-

mathematical’ pursuit, such as playing basketball (Nasir, 2000) or shopping for 

groceries (Lave, 1988).  Moreover, participants themselves might not consider their 

own activities to be mathematical even when researchers do (e.g., Goldman & Booker, 
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2009), highlighting the dynamic, situated, multiplicity of perspectives on the question 

of what counts as doing or learning mathematics. 

The design history of Math Moves! attests to the struggle of recognizing 

mathematics within the sites and activities of the present study.  During the 

collaborative design process, a felt tension emerged between our collective efforts to 

forward new visions of what mathematics is or could be, on the one hand, and a desire 

to render mathematics recognizable within the exhibition, both to visitors as well as to 

ourselves, on the other hand.  The development and installation of “Math Moments” 

components accompanying a few of the exhibits at SMM was perhaps one of the more 

visible testaments to this felt tension (see Appendix A).  As the group prototyped the 

exhibits, some of the designers began to feel concerned that mathematics was not 

sufficiently explicit within the exhibition; desettling mathematics was rendering it 

difficult to recognize for the designers themselves.  As a result, some members of the 

team decided to add to the existing suite of exhibits “Math Moments” that would 

explicate what they viewed as relevant mathematical content in more recognizable 

formats, such as the equation-based statements of proportionality shown below in a 

label accompanying one of the stations (see Figure 8.1; see also Appendix A). 
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Figure 8.1.  Label for a Math Moments station called “Triangle Math” that accompanies Shadow 
Fractions.  Photograph taken by author, October 2012. 

 

Situated within the sensual landscape of the exhibition’s body-based and symbol-

sparse technologies, this label signals, for me, a kind of rupture or contradiction.  

Together, text and context create an ambivalent tableau, a dialectical image (Benjamin, 

1999), in which formulaic symbolic formalisms and newly mediated sensorimotor 

experiences interrupt one another to create a state of mutual suspension or tension. 

I believe a similar tension unfolded over the course of the North Lake and 

Maple excursions to Math Moves!.  The field trips to the exhibition seemed to raise for 

teachers and students the question of what does or should count as mathematics, 

opening up opportunities for teachers and students to ask and address the seemingly 

straightforward question printed on Triangle Math’s label:  “What’s the Math?”  

Indeed, both Ms. Barry and Ms. Collins included in their instructional designs explicit 

activities focused on locating mathematics within the exhibition.  For example, North 
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Lake students were required to include in their gallery-walk posters (see Section 3.2.4) 

an answer to the question “What mathematical ideas (concepts) did you experience in 

the Math Moves! exhibit?”  During their follow-up presentations, Maple students were 

asked to indicate “mathematical terms” they used while engaging with their assigned 

exhibits (see Section 3.2.4). 

Resonant with the feelings of disquietude accompanying the design process for 

Math Moves!, student expressions of doubt and puzzlement about the mathematical 

nature of Math Moves! further suggested that the question of what counts as 

mathematics was at issue for the field-trip goers.  When attempting to identify 

“mathematical ideas (concepts)” or “mathematical terms” related to the exhibition, 

students frequently wavered and struggled, often asking the teacher for additional 

support or quickly writing down general topics they thought they should have 

experienced in the exhibition, such as “fractions” or “ratios.” 

During interviews students were particularly eager to express skepticism about 

whether Math Moves! should count as mathematics, consistently raising the issue with 

me at the first opportunity.  For example, North Lake 5th-grader Neal included this kind 

of struggle in his overall impression of the field trip at the very beginning of a focus-

group interview: 

Neal: the math moves was pretty cool (0.5) and it was hard to find out 
that you were doing math 

 
While Neal seemed to have enjoyed himself, he was troubled by his own felt inability 

to “find out” that his activities were mathematical, enough so to volunteer this as a 

major element of his overall field-trip experience. 
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Other students felt puzzled by what they described as difficulty discerning 

targeted mathematical objects in the exhibition.  For instance, another North Lake 5th-

grader, Crystal, told me in a focus-group interview that she was “kinda confused about 

the Shadow Fractions.”  She went on to say that, on the one hand, she and her partner 

“knew it was about fractions” but that, in the end: 

Crystal: it wasn’t really fraction related we didn’t really see any 
fractions ((Crystal’s partner Rhonda, who is sitting next to her, 
shakes her head in agreement)) 

 
When I asked her what was missing in order for her to feel like she could “see” 

fractions, she responded by explaining that the exhibit lacked numerals and suggested 

we include in this and other exhibits more “fraction labels.”  In summary, I suggest that 

Neal’s struggle to “find out” that he was doing math and Crystal’s thwarted attempts to 

“see” fractions attest to the desettling quality of Math Moves! by demonstrating how a 

visit to the exhibition made relevant for them Triangle Math’s question “what’s the 

math?” 

Responding to the puzzlement expressed by students like Neal and Crystal, I 

began posing variants of the what-counts question during the latter half of the focus-

group interviews with students.  This often led to rich expressions of collective 

ambivalence about whether or not Math Moves! was genuinely mathematical.  For 

instance, at the very beginning of a focus-group interview I conducted with North Lake 

5th-graders, several students brought up doubts about the mathematical status of the 

exhibition when I asked for overall impressions of the field trip.  Later in the interview 
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I decided to return to this issue in the context of a conversation we had been having 

about the exhibit Sensing Ratios: 

Molly:  people who did the:: sound one (.) di- was that math? 

Most of the students were eager to respond, answering before I had finished a 

rephrasing of the question. 

Molly: did that feel like it was some [how math for you? ] 
Claire:   [mmyeah not really ] 
Katie:   [  well kinda b’cuz ] 
Katie: [it [[didn’t [[[really FEEL like ]]] math but it kind of ]] was ] 
Neal: [                     no because you just made it fun  ]  
                    ((gestures moving exhibit handles)) 
Cole:    [[                         yeah it was kinda ]] 
Molly (to Claire): [[[           no? ]]] 
 
The cacophonous set of student responses here expresses a pronounced 

collective equivocation.  At first, Claire, Katie, Neal, and Cole, all concurrently 

striving to take the floor, simultaneously offer different perspectives on whether 

Sensing Ratios is or feels like math.  For both Neal and Claire, the exhibit isn’t really 

experienced as mathematical.  Neal elaborates, offering, through talk and co-speech 

gesture, an account for this in terms of the fun affect associated with moving the 

handles.  Katie and Cole, however, describe Sensing Ratios as “kinda” mathematical, 

expressing directly what they see as the exhibit’s borderline status with respect to 

mathematics.  Katie clarifies by distinguishing the “feel” of mathematics from its 

actual presence in the exhibit; while the exhibit doesn’t “feel” like math, it nonetheless 

“kind of was.”  There is a sense that Math Moves! really is math despite not having the 

“feel” of it. 
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8.3  Finding the Feel of Mathematics 

Analytically immersing myself in the questioning ambivalence expressed in 

this and other exchanges with students, I discovered a rich, complex, and nuanced 

collection of techniques students used to “find out” (in Neal’s words), “see” (in 

Crystal’s words), or “feel” (mine and Katie’s words) mathematics in Math Moves!.  In 

some cases, this meant articulating a felt absence of mathematics in the exhibition 

while, in others, this led to expressing and, more rarely, revising limiting cultural 

assumptions about the nature of mathematics.  In the remainder of this chapter, I 

explore a series of multimodal utterances and interactions in which students varyingly 

articulate what does, doesn’t, might, should, or shouldn’t count as mathematics in the 

face of the exhibition’s desettling pedagogy.  In the contexts of engaging with, 

remembering, and imagining Math Moves! exhibits, I follow some of the (perpetually 

in-flux) images of mathematics — and its absence — that students crafted, as they 

drew, erased, re-drew, questioned, or fortified different characterizations of 

mathematics and mathematical sense-making. 

8.3.1  Resettling 

Sometimes efforts to find out, see, or feel mathematics in Math Moves! led to 

the conclusion that it simply wasn’t there.  In some cases, students explained this felt 

absence of mathematics by reaffirming the very mind-body, abstract-concrete 

boundaries the exhibition attempts to question.  I describe these as resettling moments, 

in which the body-based design and materiality of Math Moves! functioned as the 

grounds by which students discounted the exhibition as mathematical. 
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For instance, North Lake 5th-grader Michael told me during a focus-group 

interview that, although the exhibition was supposed to be a “math area,” it didn’t 

really “feel” like mathematics “because like all the stu- there was like a bunch of 

different stuff.”  As examples of the various objects and materials in the exhibition that 

“didn’t really involve math,” he highlighted “the chairs” (Comparing Forms) and “the 

pen and paper thing” (Drawing with Gears).  Here, Michael explains an absence of 

mathematics in Math Moves! as a result of the exhibition’s abundant and varied 

materiality.  There is a sense of conflict between the exhibition’s feel and its official 

demarcation as a “math area,” and that conflict arises from all the “stuff.” 

Sometimes resettling was done more implicitly, unfolding through utterances 

that assumed, without making explicit, the mutual exclusion of mathematics and 

embodied activity.  For instance, when sharing his overall impression of the exhibition 

during a focus-group interview, Maple 6th-grader Sean tacitly contrasted doing 

mathematics with the hands-on and movement-oriented qualities of the exhibition, 

saying, “It was pretty cool.  I liked how there were a lot of hands-on things.  Like you 

actually got to move things around and like test things with your hands instead of just 

like doing a bunch of math.” 

For a more in-depth example, during the focus-group interview I conducted 

with the North Lake PM 5th-graders, several students included in their overall 

impressions that they struggled to recognize fractions, ratios, and other targeted 

mathematical objects in the exhibition.  Following up on this issue toward the end of 

the interview, I asked the group the general question “Is what you did at the museum 
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math? What do you think?”  This immediately elicited a slew of energetic responses 

that ran the gamut from yes to maybe to no. 

One student, Victor, offered Sensing Ratios as an example of something that 

“didn’t really feel like math.”  When I asked him why, he explained “cuz you just (.) 

go like this and this and this and this,” imitating the hand motions associated with 

moving the knobs at Sensing Ratios.  On this account, the haptic manipulation of the 

exhibit’s tangible and moveable components were what rendered the exhibit non-

mathematical for Victor.  In other words, it was precisely moving and feeling with the 

hands that were alien to feeling like mathematics. 

In light of the intangibility typically attributed to mathematics, it is not 

surprising that the hands-on design element of Sensing Ratios “didn’t really feel like 

math” for Victor.  Yet, a closer examination of talk and gesture in my exchange with 

Victor will suggest an important creative component of this resettling moment.  

Specifically, I will illustrate how, in the process of remembering Sensing Ratios 

through multimodal utterance, Victor imaginatively transforms the nature of its actual 

use.  This imaginative transformation, in turn, is consequential for how, in the act of 

being remembered, Sensing Ratios is positioned outside of mathematics. 

In order to make deeper sense of this interaction, I bring my exchange with 

Victor into dialogue with my own research-designer viewpoint that regards Sensing 

Ratios as a mathematical instrument (Nemirovsky, Kelton, & Rhodehamel, 2013) with 

which one can progressively develop perceptuomotor skill.  In Chapter 2 (Section 

2.4.1.4), I elaborated on one of my own evolving perspectives on the nature of 
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mathematics and mathematical expertise by articulating the notion of perceptuomotor 

enskillment with mathematical instruments.  Using the example of Partner Motion, I 

described this process of enskillment as the progressive coupling of the suites of action 

and perception entailed by a tool’s use.  In the case of Partner Motion, this included the 

integration of particular aspects of whole-body motion (those that are detectable as 

changes in distance from the exhibit’s motion detectors) with associated changes in the 

dynamically displayed graph. 

To develop a sketch of the structure of perceptuomotor coupling involved in 

engaging with Sensing Ratios, I consider first the design of the exhibit itself (see 

Appendix A for a brief description) then take a quick look at Victor’s actual 

engagement with the exhibit during the museum visit.  At Sensing Ratios, visitors can 

manipulate each of two red knobs along two fretted tracks mounted diagonally to the 

left and right on a table-top surface (see Figure 8.2). 
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Figure 8.2.  Annotated photograph (above) of Sensing Ratios.  Still from screen capture (below) of 
digital monitor display on Sensing Ratios.  Displayed in red is a challenge graph showing a circle 

inscribed in a square.  The blue dot represents the current x-y coordinates while the blue trail shows a 
fading trace of the blue dot’s recent trajectory.  Photograph taken from Math Moves! website 

(www.mathmoves.org) and annotated by author.  Screen capture taken by author. 
 

The positions of the left and right knobs correspond to the y- and x- coordinates of a 

dynamically evolving curve on the x-y plane that is displayed in real-time on a digital 

monitor.  Thus, much like an Etch A Sketch, the relationship between haptic 
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manipulation of the knobs and visible changes on the screen is structured in the manner 

of a parametric decomposition (Nemirovsky et al., 2013).  Because of the real-time 

nature of the haptic-visual coupling organized by the exhibit’s design, any hand 

motions that result in a change in knob position are near-instantly represented by a 

change in vertical and/or horizontal position on the graph, creating a continuous loop 

between the hand and the eye. 

In addition to this haptic-visual coupling, Sensing Ratios also includes an 

auditory component.  The exhibit is equipped with two speakers mounted to the left 

and right that emit pitches corresponding to the left and right knobs respectively and, 

hence, to the x- and y- positions on the dynamic graph.  For example, if the left knob is 

positioned closest to a user while the right knob is positioned relatively far away to the 

right, the graph will display a point that is vertically low and horizontally far to the 

right.  Meanwhile, a low tone will sound from the speaker to the left while a high tone 

will sound from a speaker to the right.  Thus, the auditory component’s structure 

mirrors, in some sense, that of the haptic component and, like the haptic component, is 

related to changes in the graph in the manner of a parametric decomposition. 

The exhibit poses a series of challenges via a push-button function that scrolls 

through template graphs to be traced, but visitors are free to draw any curve they like 

as well.  The exhibit is designed to be used by either a single visitor manipulating both 

knobs, or two visitors manipulating each knob individually.  In either case, producing a 

desired curve in the x-y plane not only entails the “intimate coupling” (Ingold, 2011, p. 

58) of haptic, visual, and auditory experience but, often, a careful coordination 
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between the left and right hands.  For instance, drawing a circle with Sensing Ratios 

requires continuously modifying not only the positions of the two knobs in relation to 

one another but also their rates of change so that, at certain times, the left hand is 

moving faster than the right hand and, at other times, the opposite relation holds.  

Many of the participants in my study saw the need for either bimanual coordination or 

two-party collaboration as a central and challenging aspect of Sensing Ratios, so much 

so that Ms. Barry jokingly referred to engaging with the exhibit alongside her husband 

as a form of “couples counseling.” 

Victor and his partner, Michael, had a spontaneous, 3-minute engagement with 

Sensing Ratios.  Although Michael, who arrived at the exhibit first, tried to maintain 

control over both knobs, Victor was eventually able to negotiate tentative access to the 

right-hand knob.  Together, the two students attempted several of the challenges 

provided by the exhibit (including the challenging task of tracing a circle), 

intermittently breaking into a more spontaneous mode of collaborative drawing.  

During this time, all three of the exhibit’s haptic, visual, and auditory modalities were 

observably at play and in the process of coordination for Victor and Michael.  They 

maintained intent visual focus on the ever-changing graphical display as they 

manipulated the knobs, occasionally using talk to coordinate and strategize with one 

another.  Victor appeared to manipulate the right-hand knob especially carefully, often 

using both hands to nudge it slowly and incrementally, refining his movements in 

continual response and anticipation of visible changes on the screen (Figure 8.3). 
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Figure 8.3.  Victor (back) and Michael (front) engage with Sensing Ratios.  Victor and Michael both 
look intently at the screen.  Victor uses both hands on the x-coordinate knob, moving it slowly and with 

attention to changes on the screen. 
 

Meanwhile, dramatic pitch inflections rang out in coordinated response to the handle 

movements, sounding at an almost deafening volume.  This sonic component was so 

salient that when Ms. Collins walked by the exhibit she exclaimed that she was 

“waiting for glass to shatter” and Victor vocally imitated the sound of shattering glass. 

Thus, from my own perspective as a designer and ethnographer of Math 

Moves!, I see this engagement as analogous to the early development of technical skill 

with a tool, whether a wood saw, a violin, or, in this case, an interactive mathematics 

exhibit involving parametric curves (see Section 2.4.1.4).  And, just as one might learn 

to play the violin through a process of perceptuomotor enskillment, so too, from this 

perspective, are Victor and Michael learning to ‘play’ parametric curves (see Chapter 

2, footnote 2).  Or, at least, this is a form of mathematics learning valued and made 

visible by an embodied cognition lens that centers around perceptuomotor enskillment.  
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Bringing this interpretive rendering of Victor’s engagement with Sensing Ratios into 

juxtaposition with how he later remembered it unearths, I think, a creative and 

consequential transformation of the suites of action and perception associated with 

using the exhibit. 

I return now to how Victor and I together remembered and imagined Sensing 

Ratios in the context of questioning whether Math Moves! counts as mathematics.  We 

join Victor as he begins by trying to recall, for himself and for the group, the exhibit he 

will use as an example.  He has several false starts at first, apparently struggling with 

how to indicate the exhibit he wants to talk about: 

Victor:  the um (1.0) the (.) 

As Victor continues to try to evoke Sensing Ratios, he raises both hands and 

performs a dynamic bimanual gesture that imaginatively re-performs the act of 

manipulating both knobs at the exhibit (Figure 8.4): 

Victor:  the (0.8) the thing (0.5) 
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Figure 8.4.  Victor gestures the use of the knobs at Sensing Ratios. 
 

He moves his hands back and forth with small, swift movements, a gestural 

morphology that schematizes the actual act of using the exhibit.  Here, he is not 

working to portray or topicalize the action itself, but rather the exhibit or “thing” to 

which his hands refer.  In Streeck’s (2009) vocabulary for modes of gestural depiction, 

Victor is evoking Sensing Ratios through the practice of handling, gesturing to create 

“schematic versions of practical actions in the world, which are not used to depict 

action, however, but rather the object that is acted upon” (p. 139).  An everyday 

example of this might be to perform a key-turning action while asking someone if they 

have seen your keys.  Here, then, the haptic dynamics of using Sensing Ratios become 

the means by which Victor is able to begin to identify the exhibit and imaginatively re-

evoke it for others.  Amidst the array of multi-sensory and intricately coordinated 

components included in the exhibit, for Victor in this moment it is the haptic action 

entailed by the exhibit that defines it.  And it is precisely those defining haptic qualities 
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that will ultimately be the reason why the exhibit doesn’t feel like mathematics for 

him.  After a few brief exchanges between Victor and myself clarifying the exhibit he 

is talking about, he continues: 

Victor:  and so that (.) didn’t really feel like math 

Picking back up on this after a brief divergence in the conversation, I ask: 

Molly:  and how come the one with the sound didn’t feel like math 

As I press Victor to elaborate on his original comment, I repeat the handing 

gesture he has used previously, moving my hands back and forth quickly in a similar 

schematic echo of the manual practicalities of using the exhibit (Figure 8.5). 

 

Figure 8.5.  Molly performs the handling gesture. 
 

I also evoke another sensory component of the exhibit that Victor has not mentioned 

— the auditory feedback that is coupled with both the haptic and visual components of 

the exhibit.  As Victor and I collaboratively remember Sensing Ratios, there is a subtle 

choreography of how each of us presents the modalities of the exhibit, the suites of 

interwoven action and perception that are entailed by its skillful use.  Here I am 
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evoking sound as a defining sensory feature.  At the same time I am tying this back to 

Victor’s evocation of Sensing Ratios by re-performing the handling gesture he used 

previously to identify the exhibit by means of its haptic components.  Together, as we 

remember and imagine the exhibit, we are transforming it, in particular, by 

highlighting or teasing out specific strands of the overall texture of action and 

perception involved in the exhibit’s use.  Victor has isolated touch and kinesthesia and 

here I have fleetingly woven in sound. 

Both the overall content and the detailed nature of Victor’s response to my 

question are intriguing when placed in interpretive dialogue with the desettling 

pedagogy of Math Moves!: 

Victor:  cuz you just (.) go like this and this and this and this 

As Victor says “just” he extends his right arm out in front of him, imaginatively 

acting out one movement of the right-hand knob away from his body (Figure 8.6). 

 

Figure 8.6.  Victor imaginatively moves the right-hand knob away from his body. 
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Timed at the tail end of saying “cuz you,” the hand motion is positioned as central to 

his explanation.  Co-timed with his hand motion, the adverb “just” connotes simplicity, 

qualifying his gesture as capturing the uncomplicated essence of using the exhibit that, 

for him, doesn’t “feel” like math.  The “just” suggests to me that, for Victor, something 

more is needed for him to sense that his own activity with Sensing Ratios was 

mathematical. 

Pausing briefly, then saying “go like this,” Victor holds his right arm still, 

outstretched in front of him, as if holding a knob at its farthest position (Figure 8.7). 

 

Figure 8.7.  Victor holds his right arm outstretched in front of him. 
 

His talk, “go like this,” indexes the action he has just taken with his right hand, 

working now to topicalize the action itself.  That haptic action is being foregrounded in 

his explanation is further evidenced by the fact that the morphology of the gesture has 

changed as well, shifting from the small, indistinct back-and-forth movements he 

originally used to identify the exhibition, to an articulate and sustained outstretching of 
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his entire arm.  His arm extends towards the center of the group, prominently offering 

itself for inspection by his interlocutors. 

Thus, rather than functioning here as a handling gesture, Victor’s right hand 

and arm work through mimetic gesturing, “the performance of gestures to depict 

physical acts or behavior” (Streeck, 2009, p. 144).  No longer moving imaginary 

handles to specify the exhibit, his mimetic performance of moving the handle is now 

meant to be understood as representing and topicalizing the action itself.  Positioned 

within the larger unfolding utterance, the gesturally depicted manual engagement with 

Sensing Ratios emerges as the grounds by which the exhibit doesn’t “feel” like math 

for Victor. 

Victor’s mimetic gesturing continues.  As he thrice repeats “and this” he moves 

his right hand forward and back with each repetition of the word “this,” fingers curled 

around the imaginary knob (Figure 8.8). 

   

Figure 8.8.  Victor moves his right hand forward and back with each repetition of the word “this.” 
 

Streeck (2009) argues that mimetic gestures often “organize experience 

by…exaggerating, embellishing, and modulating patterns made from the same stuff 
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from which their denotata are made” (p. 147).  Here, Victor’s gesture modifies the 

action of using Sensing Ratios in several meaningful ways. 

First, compared to his prior, bimanual handling gestures for Sensing Ratios, 

Victor’s mimetic gesturing now involves only his right hand.  In bringing attention to 

haptic action he has also altered it, subtly erasing the left-right, x-y coordination aspect 

of the exhibit.  Instead, here, Victor’s multimodal utterance depicts the act of using 

Sensing Ratios in terms of the manipulations of a single, solitary hand. 

Second, Victor’s mimetic gesture also factors out the visual and auditory 

components of Sensing Ratios that are intricately coupled to the manual manipulation 

of the knobs.  In other conversations I had with students about this exhibit, it was 

precisely the displayed coordinate plane and superimposed points and shapes that 

qualified the exhibit as being genuinely mathematical.  Yet, in this moment, by dint of 

their absence, those elements are felt and expressed by Victor as inessential to the more 

fundamental haptics of operating the exhibit. 

Finally, both the gestural and verbal components of this utterance create 

together a multimodal staccato rhythm, lending a rote, repetitive tenor to the way he is 

remembering the action of using Sensing Ratios.  There is a kind of unthinking 

mechanization intimated by the repetitive rhythm, subtly inflecting the mimetic gesture 

with a hint of mindless automation1.  As opposed to enacting the embodiment of a 

mathematically engaged mind, to me the gesture quietly suggests the mindlessness of 

the hand’s actions. 

                                                
1N.b. I am not saying here that Victor is actually being unthinking or mindless.  Rather, I argue 

that he is characterizing his own previous engagement with the exhibit as such. 
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To summarize, after the visit to the museum, Victor remembered Sensing 

Ratios as something that “didn’t really feel like math.”  When I asked him to explain 

why he thought this was the case, his multimodal response ultimately relied on 

remembering the exhibit’s use in terms of the physical action of the hand, depicted 

through a mimetic gesture.  Yet, in performing engaging with Sensing Ratios, his 

multimodal utterance meaningfully transforms the action it depicts.  I suggest that, for 

Victor in this moment, the absence of the feeling of doing mathematics hinges on these 

transformative elements that reconfigure the nature of haptic involvement so as to (a) 

isolate one hand from the other and the individual from his peer, (b) extract it from a 

multi-sensory ecology of interrelated sight, sound, tactility, and kinesis, and (c) 

reconfigure the newly isolated haptic component of that ecology by imbuing it with 

repetitive automaticity.  Thus, in coming to be lived and communicated as grounds to 

discount Sensing Ratios as mathematics, the hands-on quality of the exhibit undergoes 

a creative revision in Victor’s act of remembering it. 

I bring this resettling exchange, for a moment, into dialogue with my own 

emerging ethics that do, indeed, count Victor’s engagement with Sensing Ratios as a 

form of emergent mathematical expertise.  As I watch Victor creatively trivialize the 

exhibit’s use in this instance of resettling remembrance, I can’t help but wonder if 

something of value is being lost.  As his hand is singled out, isolated from its sensory 

ecology, and automated, I find myself wishing for an alternative scenario in which 

Victor can experience the intelligence of his hands.  I try to imagine a context, a 

conversation, a configuration of persons and materials in which the intricate, intimate, 
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and interwoven multi-sensoriality of using Sensing Ratios is at the heart of what is 

remembered.  Instead of a worksheet, would a more multisensory artifact — such as an 

audio-video screen capture of Victor’s and Michael’s circle in the process of its 

creation — better carry the exhibit’s textures of action and sensation into the 

classroom?  Or how might Victor differently remember his engagement with Sensing 

Ratios in the presence of the video recording I took of it, the same video in which I see 

such intelligent interweaving of the activities of hands, eyes, and ears (see e.g., Stevens 

& Hall, 1997).  What if instead of talking about Sensing Ratios itself — as an object to 

be analyzed with respect to its mathematical status — the focus were more on the 

various audiovisual compositions one can produce with it?  In other words, if Math 

Moves! exhibits are, indeed, akin to musical instruments, what if the conversation were 

less about the instrument itself and more about the ‘music?’ 

8.3.2  Reconciling 

In resettling moments, students pushed back on the exhibition’s proposal to 

question the mind-body divide, citing its material, body-based design as evidence of 

math’s absence.  At other times, they appeared to reconcile more familiar or settled 

notions of mathematics with the mathematical activities implicated by Math Moves!.  

Rather than resisting or rejecting an embodied-material mathematics, reconciliation 

had a way of neutralizing the destabilizing potential of the exhibition.  It provisionally 

smoothed over the philosophical ruptures the exhibition potentiates with settled 

disembodied notions of mathematics. 
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For example, reconciliation might position the body-based, materials-rich 

design of Math Moves! as an unusual medium for otherwise-familiar mathematics.  

Maple 7th-grader Tilly said during an interview that “I think we kinda were learning the 

same thing … in a different form.”  On this account, the same basic mathematical 

content can have multiple material manifestations without its fundamental ontology 

being altered, a stance that is somewhat akin to the ‘multiple embodiments’ perspective 

famously articulated in structuralist accounts of mathematics manipulatives (e.g., 

Dienes, 1960). 

Reconciliation might also characterize body-based material engagement as 

simply an alternative — and perhaps more enjoyable — route to the same 

mathematical destination (see Section 7.1 for mention of how this logic is also present 

in educational research).  Thus, while Tilly’s utterance intimates a consistent ontology 

(“same thing”) across multiple manifestations (“different form”), other reconciling 

moments focused more on matters of epistemic access.  For example, I return to the 

conversation I had with North Lake AM 5th-graders about whether and how they 

considered Sensing Ratios to count as mathematics (Section 8.2).  Recall that I had 

asked the group whether Sensing Ratios “was somehow math” for the participants, 

resulting in a cacophonous expression of collective ambivalence: 

Claire:   [mmyeah not really ] 
Katie:   [  well kinda b’cuz ] 
Katie: [it [[didn’t [[[really FEEL like ]]] math but it kind of ]] was ] 
Neal: [                     no because you just made it fun  ]  
                    ((gestures moving exhibit handles)) 
Cole:    [[                         yeah it was kinda ]] 
Molly (to Claire): [[[           no? ]]] 
 



314 

 

A few minutes further into this conversation, Katie provisionally resolved this 

ambivalence, saying “it was like a FUN way of math.”  Here, Katie positions the 

exhibit as an alternative pathway to — rather than ambiguous instantiation of — 

mathematics.  There is a potential alleviation of the tension produced by being “ki:nda 

math;” instead of being only partially mathematical, it is differently mathematical, and 

that difference hinges on affectively distinct ways of knowing. 

A third type of reconciliation worked by appealing to widely circulating 

cultural tropes about the ubiquitous utility of mathematics in everyday life.  For 

example, during my interview with Maple 6th-graders, several students expressed that 

they felt like they had to “use” mathematics in order to make sense of the exhibits.  

James, perhaps the most vocal proponent of this point of view, explained that, while 

the shadows at Shadow Fractions aren’t mathematical in their own right, “on the way 

to figuring out the answer you use math.”  Picking up on this idea, Barbara-lee 

expanded the utility of mathematics to being an unavoidable — but often unnoticed — 

facet of everyday life: 

Barbara-lee: and like (0.4) like (.) it’d be really hard like people don’t 
notice this but it’d be really hard to go through like (0.3) if 
we didn’t have math class it would still be really hard to go 
throughout a whole day without using math (.) just like 
(0.7) cuz like it’s used so much in the real world 

 
Enacting a stance somewhat similar to what de Freitas and Bentley (2012) call a 

“utility conception of mathematics” (p. 37), Barbara-lee’s elaboration of James’ 

analysis implicitly counts Math Moves! as mathematics because doing mathematics is 

ubiquitous, even outside the clear delineations of the classroom.  When I asked 
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Barbara-lee to elaborate, she moved away from talking about the exhibition.  Instead, 

she offered as an example an imagined instance of mathematical application to 

everyday living in terms of a calendar word problem: 

Barbara-lee: like let’s say you’re trying to figure out the date of like a 
certain day (.) you’d like (0.8) let’s say it was Monday and 
you’re trying to figure out what the date of Friday was 
you’d like (.) add on like 

Molly: mm hmm 
Barbara-lee: say it was the first (.) you’d add on (1.0) four days and it’d 

be the fifth 
 
In a similar exchange during an interview with North Lake 5th-graders, Clover 

said with respect to the mathematical status of the exhibition “I don’t see what ISN’T 

math.”  This sparked another exchange in which mathematics was framed as a 

pervasive tool for the goings on of everyday life, even outside of schooling: 

Michael: it’s like every day you use math in your life 
Clover: yeah that’s what I’m saying 
Victor: because you go to school 
Michael: no like maybe you have to buy twelve eggs or like two gallons 

of milk or like a quart of butter 
 

Again, the question of what counts as mathematics is provisionally resolved by 

appealing to a widely circulating cultural narrative about the pervasive utility of 

mathematics in everyday life (e.g., Esmonde, 2013).  And, similar to Barbara-lee’s 

calendar example, Michael offers another set of images that evoke the word problems 

of school arithmetic. 

In summary, North Lake and Maple students reconciled Math Moves! with 

settled mathematics in one of three major ways.  First, they regarded the materials-rich 

landscape of the exhibition to be one of many manifestations of the same underlying 
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content.  Second, they positioned the exhibition’s body-based design as a means to the 

otherwise-familiar ends of school mathematics.  And third, they mobilized an 

overarching logic of ubiquitous utility to include exhibit engagements within the 

pervasive presence of mathematics in everyday life.  While the first two modes 

reconcile apparent differences by establishing an underlying or ultimate sameness, the 

third resolves potential trouble by asserting that mathematics is everywhere. 

At first blush, reconciliation appears to solve a problem, to smooth over a 

potentially confusing or disruptive difference.  But, if I bracket my own tendency to 

seek resolution to contradiction, I begin to wonder what is lost when Tilly says she 

thinks they “were learning the same thing” at Math Moves! as they do in school, or 

when Katie opines that the exhibition was simply a “FUN way of math.”  In explaining 

the differences between the exhibition and more settled images of mathematics, they 

seem, to me, to explain them away.  Does positioning the exhibition’s body-based, 

materials-rich design as another manifestation of — or alternative route to — an 

otherwise-unchanged mathematics dilute its advocacy for more expansive cultural 

definitions of mathematics?  Does it diffuse the confrontation the exhibition stages to 

historically entrenched assumptions about disciplinary knowledge?  Does 

reconciliation close down a much-needed space for critique? 

For example, consider the following reconciliatory exchange between Ms. 

Collins and 5th-grader Caroline during a whole-class discussion of the classroom-

preparation activity “Whole and Half:” 



317 

 

Ms. Collins:  okay boys and girls (0.4) what’d you think about moving 
around? (1.8) anybody wanna comment about that?  
Moving around to ex- to you know think about these ideas 
of part to whole? (0.4) through movement what do you 
think about that? 

((Caroline raises her hand and Ms. Collins calls on her.)) 
Caroline:  it’s a lot more fun than doing it on paper= 
Ms. Collins: =a lot more fun than doing it on PAPER! I LOVE it! 

OKAY! sweet! for real (.) it’s good (.) okay 
((Ms. Collins changes subject.)) 
 

As I interpret it, while this interaction makes salient and foreshadows the kind of 

physical movement and embodied experience they will encounter the next day at Math 

Moves!, it also subtly reconciles it with the routine modalities of school mathematics, 

namely, “doing it on paper.”  The reconciliatory quality of the exchange is apparent to 

me in the way Ms. Collins’ language configures the “ideas of part to whole” as the 

content for which, today, “moving around” is the novel medium.  The phrase “doing it 

on paper,” uttered by Caroline and enthusiastically repeated by Ms. Collins, also seems 

to fix a mathematical “it” that can be done either on paper or through movement. 

At the same time, I see a seed of critique in Caroline’s comment.  Her short, 

mundane observation that moving around is “a lot more fun than doing it on paper” 

fleetingly takes on a critical stance toward the affects, materials, and modalities of 

routine, school-based mathematics.  While Ms. Collins acknowledges and even 

celebrates Caroline’s fledgling critique, she simultaneously dismisses it, as if unsure 

where to go from there.  And this dismissal, I think, might be easier to do when bodily 

movement is just another route to school mathematics.  This leads me to wonder 

whether we might imagine a different kind of exchange, one in which Caroline’s seed 

of critique becomes a point of growth, a launching point for a conversation about how 
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mathematics is done in the classroom, and how it might be done otherwise.  What if 

educators oriented to a field trip to Math Moves! not as another way to the 

mountaintop (see Section 7.1), but rather as an opportunity to make and hold a space 

for fostering critical awareness of the conditions and assumptions of curricular 

mathematics? 

And what if widely circulating cultural tropes about mathematics were 

intentionally unearthed and scrutinized in light of the unexpected quality of the 

exhibition?  For example, Esmonde’s (2013) analysis of the mathematics-themed 

television crime show NUMB3RS suggests that the show’s tagline, “we all use math 

every day,” is anything but simple or straightforward.  Instead, unpacking this idea can 

very easily end up reinforcing the very exclusionist politics of mathematical knowing it 

purports to refute.  What if, in the course of a school field trip to Math Moves!, the 

notion that “we all use math every day” was treated less as a tool to explain away 

rupture and more as an assumption to be examined, evaluated, elaborated, or qualified? 

8.3.3  Recognizing 

North Lake and Maple students also handled trouble by working to recognize 

mathematical representations or practices within an activity that otherwise felt alien to 

mathematics.  Recognition sifted through the complex “hive of activity” (Ingold, 2010, 

p. 306) involved in using a Math Moves! exhibit, seeking and demarcating the familiar 

within the unfamiliar.  From amidst the suites of action and perception enlisted by an 

exhibit, recognition might select certain elements while leaving others behind. 
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For example, returning for a third time to the interview conversation with North 

Lake students (Sections 8.2 and 8.3.2), we pick up again with Katie’s suggestion that, 

while Sensing Ratios “didn’t really feel like math,” it nonetheless “kind of was.”  I 

focus now on her utterance alone: 

Katie:  it didn’t really feel like math but it kind of was 

Verbally expressing a contradiction or tension between the “feeling” of doing 

mathematics and its actual presence at Sensing Ratios, Katie’s hands add an important 

element to her account.  As Katie says, “but it kind of was,” she raises both hands to 

eye level, creating a rectangle with her thumbs and index fingers, imaginatively 

evoking the exhibit’s monitor display (Figure 8.9). 

  

Figure 8.9.  Katie gesturally evokes the exhibit’s monitor display. 
 

Co-timed with the part of her talk that indicates the presence of mathematics at Sensing 

Ratios, her bimanual gesture not only depicts the exhibit’s visual component but also 

positions it as the mathematical aspect of the exhibit, what makes it “kind of” 

mathematics.  As Katie remembers Sensing Ratios, her effort to recognize its 

mathematics hinges on teasing out the visual from a multisensory tapestry of intimately 
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coupled haptic, auditory, and visual experience.  Like Victor’s resettling utterance 

(Section 8.3.1), Katie too transforms the suites of action and sensation entailed by 

Sensing Ratios, foregrounding some while backgrounding others. 

Continuing, now Katie elaborates: 

Katie: cuz it was like a gra:ph thing  ((bimanually traces a curve on the 
imaginary screen in front of her, Figure 8.10)) 

 

  

Figure 8.10.  Katie imaginatively traces a curve on the screen in front of her. 
 

Katie’s gesture builds on the previous, imaginatively tracing a curve along the screen 

she has just imaginatively brought to presence.  Here it becomes clear that, for Katie, 

the mathematics are made recognizable through what she sees as a mathematical image 

or representation — the exhibit’s visually displayed graph. 

While Katie’s act of recognition carves out a portion of the overall matrix of 

coupled action and perception entailed by an exhibit’s use, recognition might also 

demarcate an activity temporally, setting aside as mathematical some segment of a 

longer encompassing activity.  In other words, recognition also speaks to the question 

of when is mathematics (McDermott, 2013; McDermott & Webber, 1998).  For 

example, Maple 7th-grader Catie used the language of ‘doing math’ to label a segment 
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of her overall engagement with Comparing Forms with her partner Marcus.  

Comparing Forms was the first exhibit with which the two students engaged.  During 

their first 20 minutes or so with the exhibit, they followed the prompts on their 

worksheets, using a variety of provided tools to measure the chair heights and seat 

areas.  They recorded the results and, following a prompt to compare the chairs, crafted 

and solved several arithmetic problems in service of identifying numerical patterns 

across the measurement values. 

We join Catie and Marcus just as they arrive at a worksheet question that 

involves imagining the “next biggest chair:” 

The 3 chairs are part of a pattern.  If you were going to build the next biggest 

chair, how big would it be?  Explain your idea and draw a plan.  Be sure to 

include what pattern you are seeing. 

After Marcus reads these instructions aloud, Catie takes the lead, talking aloud 

as she creates a drawing of the large, medium, and small chair, then adds a drawing of 

the imaginary “bigger chair.”  Confronting the practical dilemma of drawing a 2-

dimensional representation of the 3-dimensional chairs, she says aloud as she draws, 

“I’m just gonna do like squares on top of each other,” explaining her strategy for 

resolving the dilemma (Figure 8.11).  Marcus follows her lead, drawing his chairs in a 

similar fashion on his worksheet. 
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Figure 8.11.  Catie’s drawing of the chairs. 
 

Once they finish drawing, Catie and Marcus recapitulate some of the numerical 

patterns they found during their engagement with the exhibit leading up to this 

moment.  They decide to focus on the results of measuring the surfaces of chair seats 

using provided pieces of uniformly sized square cardboard.  Together they recall the 

pattern that the smallest chair’s seat could be covered by a single square, the medium’s 

by 4 squares, and the largest’s by 16 squares.  Then Catie, thinking aloud, proposes the 

arithmetic problem of multiplying 16 by 4 to determine the size of the next biggest 

chair: 

Catie:  so you could do (.) well sixtee:n (3.0) well t- sixteen times four 

Marcus concurs, saying “yeah,” and Catie now restates the emergent arithmetic 

problem, this time writing it down as she repeats it aloud but at softer volume, as if 

half-way reading what she is writing to herself (Figure 8.12): 

Catie:  yeah (.) so you can do sixteen times four 
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Figure 8.12.  Catie’s first written representation of the arithmetic problem. 
 

After she writes down “16 x 4” she restates the problem as a question.  Pulling 

her pen away from her paper and moving her eye gaze aloft (Figure 8.13), she dons a 

faintly ritualized tone, almost as if parroting the familiar teacher-initiated question in 

the initiation-response-evaluation discursive pattern (Mehan, 1979) characteristic of a 

traditional mathematics classroom routine: 

Catie:  what’s sixteen times four? 

 

Figure 8.13.  Catie restates the question “what’s sixteen times four?” 
 

Returning her attention to her worksheet, she then says definitively: 

Catie:  let’s do this math 

Without hesitation, Catie begins to write again on her worksheet, this time re-writing 

the arithmetic problem in the vertical symbolic form taught in standard school 

arithmetic (Figure 8.14). 
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Figure 8.14.  Catie’s arithmetic problem written vertically. 
 

She proceeds to solve the problem using the standard school algorithm, multiplying six 

by four to get 24, carrying the 2, and so on.  Occasionally muttering pieces of her work 

aloud (“twenty-four”), she arrives at the answer of 64.  Catie announces “sixty-four” 

aloud and Marcus, who has been solving the arithmetic problem half aloud by adding 

16 to itself successively, agrees, “yup.”  Catie repeats her answer aloud.  Declaring 

“sixty-four squares,” she addends the units of squares both in her talk and to her 

worksheet inscription that shows the problem, solution, and her process of arriving at it 

via a standard multiplication algorithm. 

In both Katie’s description of Sensing Ratios and Catie’s engagement with 

Comparing Forms, recognition appears to unfold as a process of carving and sorting.  

Recognition seeks out the joints of an activity, whether perceptuomotor (Katie) or 

temporal (Catie), and finds the mathematical ‘part’ or sub-component.  For me, the 

work of recognition among North Lake and Maple students has the same ambivalent 

feel as it did among the designers when we developed the exhibition’s “Math 

Moments.”  The tension Triangle Math’s label seems to strike with the wider milieu of 
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Math Moves! opens, for me, a sequence of questions.  Does the label counteract the 

desettling work of the exhibition?  Does it collapse mathematics back into the 

familiarity of symbolic formalism?  Or, in satisfying a desire for the recognizable, does 

it legitimize the exhibition as genuinely mathematics?  Similarly, I’m left wondering if 

Catie’s crisp pronouncement, “let’s do this math,” marks a moment that reinforces the 

limiting definition of mathematics as algorithmic calculation, sifting Math Moves! 

through an all-too-narrow what-counts filter.  Or, does this moment of recognition leak 

outwards, somehow, into how she lives her overall engagement with Comparing 

Forms?  Does it become a kind of tool by which she is able to legitimize and value the 

wider experience as mathematics?  Is Katie filtering Sensing Ratios through an ocular-

centric search for canonical visual representations?  Or is her moment of recognition 

the beginnings by which something like Sensing Ratios might, over time, come to feel 

like mathematics? 

8.3.4  Revising 

In the previous sections I explored the ways in which the boundary-pushing 

pedagogy of Math Moves! was varyingly met with practices for resettling, reconciling, 

and recognizing mathematics.  In rare cases, the desettling pedagogy of field trips to 

Math Moves! appeared to create opportunities for making explicit, critiquing, and 

transforming potentially limiting assumptions about the nature of mathematics.  These 

moments functioned to revise received views of mathematical thinking and learning in 

ways that I see as resonant with the work of the exhibition to question the mind-body 

divide. 
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In both interviews and classroom follow-up activities, students and teachers 

sometimes remembered the exhibit experience by articulating and problematizing their 

own previously held assumptions and expectations about the nature of mathematics 

learning.  For instance, in the overall impression of the trip offered by Maria (see 

Section 7.2), we see an element of this process unfolding as she says “I never thought 

that you could use ratios and fractions and stuff like the way they were used and like 

displayed.”  Here she hints at a changing perspective on the ways in which ratios and 

fractions can manifest and be put to use, sparked by the unexpected nature of the 

exhibition.  As she elaborates, she explains that unexpectedness stems from “where 

you can spin the wheel and walk and everything and all the shadows and stuff.”  Thus, 

not only is she expressing surprise here at the embodied, material pedagogy of the 

exhibition; she is also intimating how the exhibition’s spinning wheels and shadows 

confronted her own habitual ways of thinking about ratios and fractions. 

The exchange between Ms. Barry and Maple 6th-grader Mark during a whole-

class follow-up discussion (see Section 7.2) also enacts an expansive revision to the 

category of mathematics: 

Mark:  I thought it was cool because you could like put math into 
shadows [and shapes] and chairs a:n:d ((trails off)) 

Ms. Barry:  [ yhhea:hh ] 
Ms. Barry:  yeah (.) I mean (.) that was just a:ll math 
 

Here, as Ms. Barry and Mark collaboratively remember the Math Moves! exhibits, the 

boundaries around the category of mathematics seem to waver and grow to include the 

exhibition’s eclectic sensual materiality. 
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During a focus-group interview with North Lake 5th-graders, I asked the group 

directly “Is what you did at the museum math? What do you think?”  The students 

eagerly responded with a variety of stances: 

Rhonda:  yes 
Gleen: [yeah 
Michael: [maybe 
Gleen: [it didn’t SEEM ] like math 
Crystal: [        u::m ] 
 

Both Rhonda and Gleen respond with an unhesitant affirmation that their activities at 

the museum were mathematics.  Clover also appears to agree with this, silently 

nodding her head up and down as other students speak.  Rhonda, Michael, and Victor 

express more hesitation; Michael says “maybe,” Rhonda lets out an elongated “u::m,” 

and Victor opens his mouth but then doesn’t say anything.  Similar to an exchange I 

had with students from the other 5th-grade class from North Lake (Sections 8.2, 8.3.2, 

and 8.3.3), my question is initially met with collective ambivalence.  Gradually 

through the course of this interaction, Gleen increasingly takes the floor, in this case by 

naming and revising what she identifies as a common, or settled, assumption about 

mathematics. 

On the heels of Michael’s “maybe,” Gleen refines her position, saying that the 

exhibition experience “didn’t SEEM like math.”  Gleen glances towards Michael as 

she says this, suggesting her utterance here is partly responsive to Michael’s 

ambivalent “maybe,” as though she might be explaining the source of his doubt.  

Similar to Katie, Gleen makes an implicit distinction between ‘seeming’ to be and 

actually being mathematics.  For Gleen here, the desettling arena of Math Moves! lacks 
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semblance to familiar mathematics, yet it nonetheless is.  Moreover, once Gleen has 

reasserted that the exhibit experience was mathematics despite the fact that it didn’t 

“seem” like it, both she and Rhonda simultaneously begin to attempt to explain this 

lack of familiarity, with Crystal and Clover occasionally chiming in: 

Gleen:  but it  [is b’cause it’s ] 
Rhonda:   [    because it ]  [[ was ]] 
Clover:     [[yeah ]] 
Gleen: [because like ] 
Rhonda: [     FUN  ] 
Crystal: [ it was like  ] 
 
Gleen starts and stops twice, potentially because she is both working out what 

she wants to say and aware of the fact that Rhonda, Crystal, and Clover are also 

talking.  Rhonda appears, however, to have a clear explanation for why Math Moves! 

didn’t appear mathematical:  “because it was FUN.”  During one of the classroom 

follow-up activities, Rhonda had relayed to her peers that she was surprised that the 

exhibition was fun.  Here this surprising affective element of her remembered 

experience with the exhibition is also the reason why the exhibition doesn’t readily 

come across as mathematical.  Similar to North Lake 5th-grader Neal (Section 8.2), fun 

isn’t easily recognizable as mathematics for Rhonda.  Yet, while Neal positioned this 

affective element as grounds for discounting the exhibition as mathematical, here 

Rhonda, building on her own prior talk as well as Gleen’s, marks fun affect as the 

reason why a mathematical activity is challenging to recognize as such.  While Rhonda 

explains a felt tension between seeming and being mathematical in terms of affect, 

Gleen appears to be attempting to get at something else: 
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Gleen:  you’d think that [math would be]= 
Crystal:   [   FUN math ] 
Rhonda:  =[boring] 
Clover:    =[boring] 
 

Attempting to continue her train of thought and keep the floor, Gleen introduces the 

beginning of articulating a common or generic perspective on the nature of 

mathematics.  Using the pronoun “you” impersonally, and the conditional verb “would 

be,” Gleen positions the philosophy of mathematics she is about to describe as both 

generic and uncertain, both ubiquitous and subject to speculation and perhaps revision. 

Simultaneously, Crystal maintains a focus on fun affect, finishing her sentence, 

“it was like FUN math.”  While Rhonda has used fun affect as something that might 

occlude the mathematical nature of the exhibition, Crystal suggests that Math Moves! 

amounts to a different kind of mathematics.  Similar to Katie’s reconciliatory utterance 

“it was like a FUN way of math” (Section 8.3.2), here Crystal reconciles Math Moves! 

with the category of mathematics by suggesting that the exhibition represents one type 

of mathematics defined primarily through the affect of engaging with it. 

Rhonda and Clover also maintain a focus on affect by simultaneously 

proffering identical completions of Gleen’s sentence.  Both saying “boring,” just after 

Gleen’s “you’d think that math would be,” they co-construct with Gleen an affect-

laden image of mathematics as boring, a perspective on mathematics that is positioned 

as both generic (“you’d think”) and in doubt (“would be”). 

Next, Clover elaborates further on this, articulating what she sees as the 

affective counterpoint to this common perspective offered by the exhibition.  Rhonda 
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further endorses the description of Math Moves! as fun.  But Gleen is once again 

expressing a desire to shift the focus: 

Clover:  but (.)  [that makes it fun ] 
Gleen:   [        no like ] 
Gleen: [you’d think that math] would just be like numbers and stuff 

but it’s not 
Rhonda:   [    it was really fun ] 
 

Here Gleen both unearths and rejects what she sees as a commonly held view that 

mathematics is fundamentally about numbers.  At this point I become particularly 

interested in what Gleen has to say, asking other students to let her have the floor and 

promising that we will return to each of them in turn.  After I’ve negotiated this with 

the rest of the group, Gleen continues: 

Gleen: because you can use like (1.2) like different (.) physical wa:ys to 
show it 

 
Like Maria (Section 7.2), Gleen is struck by the exhibition’s heterogeneous 

(“different”) materiality (“physical”).  The implicitly a-physical numbers that “you’d 

think” math would be are contrasted with the ineluctable physicality of Math Moves!, 

revising this number-centric image of mathematics with a more expansive ontology. 

8.4  Summary Discussion:  On Leaving Mathematics Open 

Reflecting now on the findings I have shared in Chapters 7 and 8, I feel that 

these have been stories about re-opening questions that all too often remain closed in 

the standard discourses of mathematics education and museum-based learning.  In 

Chapter 7, I showed how the field trips occasioned an experience of Math Moves! as 

desettling (Bang, Warren, Rosebery, & Medin, 2012) mathematics, even amidst the 

considerable work of teachers to relate the exhibition with the more familiar (or, at 
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least, more culturally authoritative (Stevens, 2013)) mathematics of school (described 

in Chapters 4 and 5).  I considered the process of desettling to be provocative rather 

than authoritative, raising questions about the tacit mind-body dualisms organizing 

dominant views of mathematical thinking and learning.  And, among these questions 

was the question of what counts as mathematics, as explored in the present chapter. 

In my current thinking about the field trips I accompanied to Math Moves!, I 

suspect the questions themselves — the ambivalence, surprise, and puzzlement 

students felt in the face of the exhibition’s desettling pedagogy — are ultimately what 

are of the greatest educative value.  It is not so much the case that I want visitors to the 

exhibition to share with me an embodied-material philosophy of mathematics, that is, 

to answer the question of what counts as mathematics anew.  Instead, as I watch Sean 

and James laugh through a whole-body encounter with scale (Section 7.3) or a group of 

5th-graders respond with flabbergasted equivocation when asked whether or not 

Sensing Ratios is math (Section 8.2), I see value in creating more space for these kinds 

of deliberations than I saw with Maple and North Lake.  I become curious about an 

approach to the instructional design of field trips that would seek to amplify and ‘stay 

with the trouble’ (Haraway, 2010) posed to settled images of mathematics when 

learners move between the classroom and the museum. 
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CHAPTER 9 

Reflections 

 

9.1  Introduction:  On Movement 

This dissertation has been a study in mathematics and movement, movement of 

many kinds:  movements and perceptions of living, thinking bodies; mathematics-

learning environments crafted to invite different suites of physical movement and 

multi-sensory experience; the socio-geographic transits of school children and their 

teachers across settings; the mutual flows and entanglements of school and museum 

materials, pedagogies, histories, and futures; and the ensuing desettling movement of 

normative boundaries on mathematical sense making.  Running throughout this story 

implicitly is another kind of movement — my own (unfinished) becoming as a 

designer, researcher, and educator in the making.  This chapter offers some reflections 

on this latter movement.  It begins with a collection of insights and observations 

related to my methods for working on this project.  I then conclude with some future 

questions and lines of inquiry I hope to move toward, inspired by this work. 

9.2  Reflections on Method 

Someone once told me that a dissertation is a learning process.  Over the 

course of this project, I indeed felt that my research practices developed in and 

through the work of finding research participants, collecting data, and conducting 

analyses.  And yet, reflecting now on that process, I find myself sympathizing with 

North Lake 5th-grader Claire (Section 5.3.3) who, remembering Sensing Ratios, finds 
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she can’t quite verbalize the knowing she feels in her hands.  There is a sense in which 

my own emergent method now dwells in a set of inarticulate, embodied practices — 

ways of looking and then looking again, of staying with the discomforting richness of 

interpretive mess, of echoing the movements of a student to get an empathetic feel for 

what she is undergoing.  Nevertheless, in this section I attempt an articulation of two 

trouble-inspired reflections related to method. 

9.2.1  Troubles with Participation 

As I described in Chapter 3 (Section 3.2.1), when I recruited participants for 

this study, I took an approach that aimed to maximize variability along a variety of 

dimensions:  schools’ institutional culture, teacher experience, student ages, and 

achievement levels.  Ultimately, however, the logistical and administrative barriers to 

organizing and studying the trips — particularly from afar — were the deciding 

factors for deciding with whom I would work for this study.  This created, for me, a 

felt conflict between the practical exigencies of completing this study and a research 

ethos that aims to give voice to the multiple, heterogeneously represented, and 

variably served populations in the Minneapolis-St. Paul region.  In particular, I wasn’t 

able to work with and learn from students from historically non-dominant linguistic 

and ethnic backgrounds.  And, while there was some socio-economic diversity among 

the North Lake students, the students with whom I worked were predominantly from 

middle-class to affluent homes and both schools were relatively well resourced.  As 

part of a case-study design, my recruitment did not aim for demographic 
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representativeness; nevertheless I feel the interpretive findings from this project need 

to be understood with that lacuna in mind. 

Reflecting on the participating individuals and institutions I was – and was not 

– able to recruit for this project, two qualities shared by North Lake and Maple strike 

me as particularly relevant.  First, both North Lake and Maple are relatively well-

resourced schools at which, during the time of this study, there was already a 

longstanding, established repertoire of multiple field trips conducted to a variety of 

locations throughout the school year.  Funded primarily by student’s parents, the trips 

had destinations ranging from baseball stadiums and ski parks, to historic monuments 

and museums, and to wildlife preserves.  This, in turn, meant, among other things, that 

the administrations at both schools were relatively supportive of off-site excursions.  

Indeed, in my conversations with the North Lake and Maple principals, both expressed 

general enthusiasm – and no discernible concern – about the field trips.  Second, both 

Ms. Collins and, especially, Ms. Barry experienced a fair amount of autonomy with 

respect to curriculum and its implementation.  In Ms. Barry’s case, the “complete 

freedom” she had with respect to her curriculum allowed her to shape the timing and 

content of her ratio and proportion unit in ways that she felt dovetailed with the topical 

focus and materials of Math Moves!.  While this level of curricular re-sequencing was 

not an option for Ms. Collins, she nonetheless appeared to have greater authorship and 

leadership over her curriculum than did some of the other public school teachers I 

spoke to in the process of recruiting study participants.   
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As I reflect now on my more thwarted recruitment efforts, I am reminded of 

Becker’s (1986) advice to anthropologists and sociologists who struggle to establish 

and maintain relationships with people and communities from whom they hope to 

learn: 

Delays and obstructions while you negotiate these arrangements can be 
discouraging.  But experienced fieldworkers know that the difficulties 
provide valuable clues to the social organization they want to 
understand … The trouble, personally painful, will have taught you 
something worth knowing. (p. 64) 
 

This advice seems to apply to my own trouble recruiting ethnically diverse or lower-

income schools for this study.  During my recruitment process, I had a sequence of 

conversations with a 6th-grade mathematics instructor from a large, urban, low-income 

public school serving a multi-ethnic demographic.  She and the other 6th-grade 

teachers at her school were very interested in having their classes participate in the 

study.  When we began working through the details, however, we found it difficult to 

align our needs and constraints.  Living and attending school in another state, I would 

be able to conduct my fieldwork during only, roughly, the month of October in 2012.  

The 6th-grade curriculum at this school, however, didn’t treat ratio and proportion until 

much later in the year and the teachers felt strongly that they needed to align the 

timing of the trip with their curricular unit.  This alignment, in their case, was essential 

to obtaining administrative approval.  After several more conversations with my 

contact from that school, it seemed that she had been unable to negotiate any 

adjustment to the curriculum to make an October field trip administratively justifiable.  

With the large number of students in each class, the teachers needed to adhere closely 
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to the curricular sequencing across all four 6th-grade classes as well as to the pacing of 

this curriculum across the district.  Ultimately the administrative burden of 

demonstrating close curricular accountability combined with the rigidity of the school 

curriculum made it impossible for me to include them in this study, and we regrettably 

decided we wouldn’t be able to work together.  The constraints with which these 6th-

grade teachers were working make a stark contrast with Ms. Barry’s “complete 

freedom” with respect to curriculum.  Moreover, while neither the North Lake nor 

Maple administrations appeared concerned with this kind of curricular accountability, 

alignment was critical for these urban schoolteachers. 

In the end, because I wasn’t able to work with this school, I was left with only 

enough information to speculate that the nature and possibilities for school field trips 

— to Math Moves! or elsewhere — depend deeply on an intricate web of district 

climate, school norms and bureaucracy, as well as ethnic, linguistic, and 

socioeconomic histories.  To my knowledge, there is little research on equity and out-

of-school excursions, and I find myself asking questions about what I couldn’t learn 

from the teachers and children from that urban school.  I wonder what kinds of 

instructional designs might have been possible or interesting to the 6th-grade teachers 

from that school and how their students might have engaged with Math Moves!.  I 

wonder about the kind of instances of situated teaching I would have witnessed, and 

about the nature of interactional work devoted to interrelating museum mathematics 

and life in school.  I wonder whether and how Math Moves! would have been 

experienced as a desettling educational context, and the kind of things teachers and 
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students would try to do to find out, see, or feel mathematics in the exhibition.  

Perhaps these would have been addressable questions had long-term immersion in the 

Twin Cities been a possibility.  As I continue my research on informal mathematics 

education, these questions loom large in my thinking. 

9.2.2  Cameras Across Settings 

As a video-based field study, I brought to much of this project a naturalistic 

sensibility, a curiosity about the activities of teachers and students on school field trips 

to Math Moves!, wherever those activities might lead.  Running through my effort to 

understand interaction and experience in the ‘wild’ settings of school field trips, 

however, is my own, relatively complex presence in the site and events in this study as 

a designer, ethnographer, videographer, and interviewer.  While I had no expectation 

— or desire —somehow to remove myself from the scene, I did make an effort to 

hang back, and to strive for a relatively unobtrusive presence when I was collecting 

video records of student and teacher interactions in the classroom, museum, and on the 

school bus.  This was not so much because I wanted to be invisible but rather, simply, 

because I wanted the students and teachers at Maple and North Lake to feel 

comfortable. 

Both during data collection and, later, analysis, I did try to attend and track 

possible camera effects evidenced in the recordings themselves.  There were, indeed, 

instances in which cameras were observably relevant to the participants, evidenced by 

a glance toward the camera or a verbal reference to being recorded.  Like many studies 

based on naturalistic video data, this tended to wear off as participants became 
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habituated to the cameras (Jordan & Henderson, 1995), and I attempted in my analytic 

process to take any visible camera effects into account. 

At other times, recording equipment became a tool for building rapport with 

North Lake and Maple students.  Many of them were curious about some of the more 

unusual technologies — especially the head cameras and the digital pens — and 

demystifying some of these devices in casual conversations with interested kids 

became a nice way to get to know them.  They asked me where I bought them, puzzled 

with me about how they work, or told me about a family member who wore a head 

camera on ski trips. 

The wearable cameras also provided opportunities for unanticipated use not 

afforded by third-person cameras.  For example, several students popped off their head 

cameras during the school bus ride to take a more directorial role in the filming.  They 

pointed the cameras out the windows to show places they had visited in downtown St. 

Paul, or turned them toward peers to conduct impromptu mock interviews. 

One striking aspect of collecting video for this project was the degree to which 

camera effects appeared to change as the participants moved across settings.  In other 

words, how participants experienced the presence of video recording depended a great 

deal on both the physical and social aspects of the various spaces — classrooms, 

school buses, and museums — in which data collection took place.  Thus, in the 

museum footage, I see participants orienting to cameras on only very rare occasions.  

There was a sense in which the videography arrangements blended into the chaotic, 

technology-saturated milieu of the science museum.  In the cases of the screen 
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captures I collected, the data-collection technology was integrated right into the 

exhibits themselves.  In the classrooms, the recording gear was initially distracting for 

some students, during the first ten or fifteen minutes on the first day of recording, 

likely because it was an anomaly in a routine space or, perhaps, because, despite my 

best efforts, it added to a feeling of being evaluated.  But, as the demands of daily 

classroom life picked up camera effects diminished and I have very little footage of 

students in classrooms looking at or orienting to them. 

The school buses, on the other hand, were another story, particularly for my 

third-person handheld camera.  In the tight quarters and tortuous micro-geography of 

the seats, I couldn’t quite find a way to have a discreet presence.  This struggle was 

heightened by my apparent violation of school-bus spatial practices that cluster adults 

toward the front and children toward the back.  I wanted to be at the center of what I 

saw as the action, amidst the cacophony of kids playing handheld videogames and 

singing along to the latest Taylor Swift song.  But it seemed as if students shrank away 

from the gaze of my all-to-obvious camera lens, halting their conversations or 

announcing to one another that I was watching them.  My camera, I suspect, was lived 

as a potential violation of the diminished supervision children enjoy on school buses; 

perhaps I would catch a transgressive act. 

Continuing my research on educational events that move across settings, these 

observations have inspired in me a greater attunement to how recording technologies 

are differently lived or configured in different social spaces — classrooms, school 

buses, interactive science centers, art museums, outdoor parks, STEAM festivals, 
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maker spaces, dinner tables, playgrounds, and so on.  Refining and documenting this 

attunement seems, to me, to be critical to video-based research on learning and 

becoming across settings. 

9.3  New Avenues for Future Research 

I conclude this dissertation with a selection of questions and ideas for future 

research sparked by the interpretive findings relayed in Chapters 4-8.  I begin by 

touching on the evolution, over the course of this project, of my originating research 

questions toward progressively more targeted and nuanced inquiries.  I then discuss 

how the analyses in Chapters 4 and 5 inspire a need to study the situated art of 

teaching in informal spaces like Math Moves!.  Next, drawing on insights from 

Chapters 7 and 8, I argue for a research agenda in the young field of museum-based 

mathematics education that focuses on the potential for museums to open up for a 

broad array of audiences the question of what counts — or what should count — as 

mathematics.  I touch on how Chapters 4-6 address a persistent concern in the visitor 

and museum studies literatures about the seemingly bounded nature of exhibit 

experiences.  Finally, I pose some new questions about the possibilities of 

instructional design for school field trips to Math Moves! or elsewhere. 

9.3.1  Evolving Research Questions 

Over the course of conducting this research project, the questions I was asking 

gradually evolved and became more nuanced in response to my own emerging 

interpretations of the data.  I used my originating research questions as tools for 

navigating the immense complexity of the events I was trying to understand.  The 
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originating research questions guided my attention to certain interactional moments 

over others, and the way I framed them shaped, early on, the approach I took to 

making initial sense of these moments.   

This process, in turn, led to an incremental refinement of the questions I was 

asking.  What began as an open-ended inquiry, into instances of engaging with, 

imagining, and remembering Math Moves! exhibits, grew toward a more targeted 

address to two emergent questions.  When engaging with, imagining, and 

remembering the exhibits, how did teachers and students, 

(a) bring Math Moves! exhibits into relation with ongoing participation in 

school-based mathematics, and 

(b) respond to and make sense of the exhibition’s emphasis on bodily activity 

and experience? 

Just as these refined research questions emerged from my original questions, 

they also open up new questions.  The first of these refined research questions was, in 

part, inspired by the emergence in the data of school-museum relationships as a matter 

of practical relevance for the students and, especially, teachers of Maple and North 

Lake.  In other words, the socio-geographic traversal the field trips staged, between 

Math Moves! and the participants’ mathematics classrooms, made pertinent the issue 

of how these two environments for doing and learning mathematics might interrelate.  

This observation seems, to me, to point to an important line of inquiry within the 

growing efforts in the learning sciences to understand learning and becoming across 

settings (e.g., Bell, Bricker, Reeve, Zimmerman, & Tzou, 2013; Jackson, 2011): What 
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other kinds of educational and everyday events prompt learners to wonder about and 

make sense of actual and potential relationships among the multiple, heterogeneous 

spaces in which they spend their time?  With respect to school-museum relationships, 

we might ask whether and how, for example, school outreach or museum-based 

professional development programs might instigate this kind of cross-setting relational 

work for the students and teachers who participate in them.  Sections 9.3.2 and 9.3.4 

are further devoted to additional research questions inspired by the first of this 

project’s refined research questions. 

The second of these refined research questions grew out of a progressive 

blurring, in my own thinking about Math Moves!, of the distinctions between an 

exhibition’s design medium and its message.  The teachers and students of Maple and 

North Lake met the body-based design of Math Moves! as part of an implicit proposal 

to envision mathematics anew, not simply as a more hands-on delivery mechanism for 

familiar mathematical content.  I became intrigued by how they grappled with and 

made sense of this tacit provocation.  This emergent curiosity lingers with me as I look 

ahead to continued work with museum-based mathematics exhibitions and 

programming.  What kinds of messages or questions about the nature of mathematics 

do visitors to mathematics exhibitions experience and express?  How might research 

on museum-based mathematics benefit from attending to the ‘pedagogical address’ 

(Ellsworth, 2005) of an exhibition’s design, to the ways in which materials, spatial 

arrangements, and sensory assemblages amount to (or don’t) “an address to visitors as 

bodies whose movements and sensations are crucial to their understandings” (ibid., p. 
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42, italics in original)?  Sections 9.3.3 and 9.3.5 discuss additional lines of inquiry 

prompted by this project’s second refined research question. 

9.3.2  The Situated Art of Teaching in Informal Spaces 

The analyses in Chapters 4 and 5 surprised me:  When I embarked on this 

project, I had not expected to spend so much time analyzing and writing about the 

activities of teachers.  In retrospect, I think I started out with an implicit bias against 

the work of schoolteachers in museums, feeling this was somehow anathema to the 

kinds of spontaneous playful encounters I imagined for students at Math Moves!.  As I 

reflect on this now, I wonder if that is, in part, because museum researchers and 

practitioners aren’t quite sure of how to think — and what to do — about 

schoolteachers.  In my experience, practical discourse seems to configure them in 

contradictory ways, varyingly as agents or victims of the entrenched infrastructure of 

K-12 school.  They are also positioned as consumers of museum-based programming 

and professional development; they represent an important market for financially 

struggling informal-learning institutions trying to expand their audiences to stay afloat.  

Still, at other times, they are advisors to museum professionals, helping them improve 

the relevance of their work to schools and the curricular standards to which they are 

held accountable. 

In the field-trip literature, teachers are potential perpetuators of the closed 

rigidity of formal schooling (e.g., Cox-Petersen & Pfaffinger, 1998; Griffin & 

Symington, 1997) or, alternatively, disengaged sideliners (e.g., Griffin & Symington, 

1997; Tal, Bamberger, & Morag, 2005).  And, in either case, they are recurrently 
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diagnosed with sub-par awareness and implementation of field-trip ‘best practice’ 

(e.g., DeWitt & Storksdieck, 2008; Griffin & Symington, 1997).  But the analyses in 

Chapters 4 and 5, of Ms. Collins’ and Ms. Barry’s participation in the work of 

interrelating Math Moves! and school math, leave me with a desire for a more 

humanizing and humble discourse about schoolteachers in museums, humble because 

I now sense there is a tremendous opportunity to learn from the careful study of their 

situated craft. 

For example, Ms. Barry’s exchange with Catie and Marcus at Scaling Shapes 

(Section 4.4) generates a plethora of new questions when I suspend the desire simply 

to code and evaluate this as an incongruous instance of school talk (e.g., DeWitt & 

Hohenstein, 2010).  On field trips to designed, interactive learning environments like 

Math Moves!, how might the tension between leading and allowing for exploration 

provoke creative improvisatory uses of exhibit materials, extra-exhibit materials on-

hand, and interactive affordances of designed technologies?  How do teachers turn 

out-of-school settings into sites for working out their own emergent pedagogic ethics?  

What kinds of affective experiences do teachers imagine or hope for their students in 

museums or other informal environments?  How do they use talk, gesture, and on-the-

spot material manipulations to try to engender those affects?  How are teachers’ 

practices of caring for student emotion and identity in out-of-school settings informed 

by the school-based histories they share with them?  How do teachers leverage and 

respond to students’ unanticipated ways of engaging in free-choice environments?  

How do teachers make use of the affordances of out-of-school settings for interacting 
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differently with their students than they might in the classroom?  For instance, what 

alternative epistemic politics are made possible between teachers and students by 

multi-party exhibit designs that allow for, in Ms. Barry’s words, “playing it with” one 

another? 

Questions like these point, I think, to a need to study the situated art of 

teaching on school field trips and in interactive exhibitions.  The goal of this would be 

a move away from the project of categorizing and assessing teacher activity in 

designed informal-learning environments.  As an alternative, the line of inquiry I am 

imagining would be an immersion into cases of pedagogic skill at the exhibit face that 

is at once a matter of multimodal pragmatics, ethics, and affects.  While inspired by 

Ms. Barry and Ms. Collins, I imagine that a study of the situated art of teaching on 

school field trips and in interactive exhibitions need not be restricted to schoolteachers 

per se.  On several occasions in my data, it is parent chaperones who initiate teaching 

interactions with students, sometimes drawing on the shared histories they have with 

their own children.  And, at other times, it is students who try to teach one another by 

performing an embodied demonstration of creating an elephant at Partner Motion, or 

crafting an on-the-spot material display at Balance and Imbalance to explain to a peer 

“how it works.”  My sense is that close, case-based studies of moments like this could 

contribute to a number of areas of educational research and practice even beyond the 

specific focus of the present study, such as teacher education, professional 

development of museum staff and floor facilitators, and family learning. 
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9.3.3  The Transformative Potential of Museum-based Mathematics 

As I discuss in Chapter 2 (Section 2.1), research on museum-based 

mathematics learning remains relatively new.  As I complete this dissertation study, 

the field is still, it seems, finding footing and direction.  Bringing the interpretive 

findings from this work into dialogue with an imagined future for this area of research, 

I am compelled to argue for a next line of inquiry that aims to maximize the social 

consequentiality of museum mathematics.  In particular, the interpretive findings from 

Chapters 7 and 8 point to what I now consider an important but unexplored aspect of 

museum-based mathematics exhibitions and programs:  their potential to call into 

question tacit cultural assumptions about the nature of mathematics and mathematical 

sense-making.  The North Lake and Maple field trips to Math Moves! created a 

context that desettled mathematics for the participants, making newly relevant the 

question of what counts as mathematics.  This suggests, I think, a research agenda 

focused on the desettling potential of mathematics exhibitions and programs for 

visitors.  Rather than researching and evaluating mathematics exhibitions as another 

way to the mountaintop (Section 7.1) of mathematical content, statically construed, 

this study prompts me to ask how informal mathematics education might open up the 

question of what counts as mathematics for children, families, teachers, policy-

makers, senior citizens, and school groups. 

The direction this study has led me to imagine for research on museum-based 

mathematics recently shaped an invited co-authored chapter proposing an agenda for 
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research on informal mathematics education.  Because my work on field trips strongly 

informed some of this agenda, I quote it at length here: 

[R]esearch and practice in informal mathematics education stand to 
benefit from developing a rich set of images and naturalistic 
understandings of what counts as mathematics in the vast array of 
informal mathematics settings.  What do various stakeholders — 
families, students, teachers, policy-makers, informal educators, etc. — 
recognize as mathematics in mathematics exhibitions, after-school 
programs, clubs, summer camps?  What kinds of practices do learners 
engage in in order to recognize mathematics in an informal activity 
(McDermott & Webber, 1998)?  What kinds of implicit and explicit 
messages do various informal mathematics learning environments and 
programs relay about the nature of learning and doing mathematics?  
What are the roles of institutions — school systems, governmental 
agencies, assessment infrastructures, museums, community 
organizations, etc. — in shaping whether and how learners recognize 
mathematics in informal educational environments? ... [D]esign-based 
research might address a number of important questions:  How might 
informal mathematics education address limiting assumptions about the 
nature of mathematics (e.g. de Freitas & Bentley, 2012)?  What kinds 
of educational designs stand to open up new ways of thinking about 
disciplinary knowledge?  How can the design of informal learning 
environments address the apparently contradictory goals of 
productively transforming cultural notions of mathematics while still 
rendering mathematics recognizable to learners and other stakeholders?  
What are the potential roles of institutions and institutional partnerships 
in changing received notions of what counts as mathematics?  And how 
might the transformative potential of informal learning environments 
be leveraged to promote greater and more equitable participation in 
mathematics? (Nemirovsky, Kelton, & Civil, 2014, pp. 12-13) 
 

Adding to this, I note that field trips, like the ones I studied in this project, can effect a 

relatively dramatic juxtaposition between spaces for learning mathematics.  How 

might rupture, juxtaposition, and discontinuity figure into — or not — other kinds of 

visitor experiences, such as a casual family visit?  How do different visitation 

contexts, life histories, affects, and identities inflect whether and how informal 

mathematics-education environments are lived as desettling? 
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9.3.4  Entanglement at the Exhibit Face 

Chapters 4 and 5 were about various kinds of movement between Math 

Moves! exhibits and classroom life, instigated by the socio-geographic movement 

carried out on school buses.  Both chapters, I think, attest to the profound and 

variegated entanglement of exhibit experiences beyond what might seem like limited 

spatial and temporal bounds (see Section 2.2.3).  Museum and visitor-studies 

researchers have long expressed a need to address the apparent bounded-ness of 

exhibit experiences through more longitudinal and spatially distributed research 

designs that find ways of following visitors beyond the museum doors and for longer 

periods of time (e.g., Rennie & Johnston, 2004).  In part, the rich array of exhibit-

school entanglements I found over the course of the North Lake and Maple field trips 

was visible to me because I, too, rode the buses, following learners across multiple 

sites. 

Importantly, however, I believe those entanglements moved most vividly to the 

fore when I turned my interpretive attention to the ways in which teachers and 

students themselves made sense of their own movement across settings.  That is, I 

looked closely at how teachers and students brought Math Moves! into relation with 

school mathematics through local interaction, especially during moments when this 

relationship was manifestly relevant for the participants (in many cases, for the 

teachers).  In some cases, these moments occurred in the classroom, an elsewhere 

beyond the museum doors from the perspective of a museum-based educator or 

researcher.  But, in other cases, the interactional work of entanglement unfolded right 
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at the exhibit face, as when, for example, Ms. Barry asks Lindsey and Samantha to 

think about the arithmetic operation currently featured in class in order to make sense 

of Balance and Imbalance.  Thus, in the details of what is said and done with an 

exhibit, that is, at the point of experience (vom Lehn, 2006; see also Section 2.4.1.3), 

even a seemingly bounded and isolated engagement with an exhibit might appear far 

more porous and interwoven with supposed elsewheres than at first blush. 

In addition to longitudinal and cross-setting research design, this motivates, I 

think, a second approach for museum and visitor studies researchers who take an 

interest in the question of whether and how an experience with an exhibit might relate 

to the rest of a visitor’s life.  This second approach would orient itself to an analytic 

immersion at the point of experience (vom Lehn, 2006) with an eye toward the ways 

in which visitors unbound the exhibit even during the fleeting moment in its presence.  

It would look to how visitors draw on and evoke multiple spaces and times through 

multimodal interaction and the ways in which museums become places to bring to life 

other places. 

9.3.5  Field-Trip Instructional Design 

A pervasive recommendation in the literature on science field trips is that good 

instructional designs pursue integration between the classroom and the excursion 

destination.  Thus, the National Research Council (2009) emphasizes the importance 

of “alignment of classroom and field-trip content” (p. 134).  Typically this advice is 

interpreted in terms of curricular alignment, designing and timing field trips to strike a 

match between the targeted content in the museum and the current classroom unit 
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(DeWitt & Storksdieck, 2008; National Research Council, 2009; Orion, 1993).  For 

example, DeWitt and Storksdieck (2008) recommend “embedding the field trip into 

the classroom curriculum” (p.190) in a review of literature on science field trips.  And, 

in a set of six well-cited proposed field-trip guidelines, Griffin and Symington (1997) 

list first, “integrate the museum visit with a classroom-based learning unit” (p. 777). 

The interpretive findings from Chapters 4 and 5 speak to this pursuit of 

integration by exploring how teachers and students brought Math Moves! exhibits into 

relation with ongoing participation in school mathematics.  In the provisional language 

I developed at the end of Chapter 5, I suggest that the overwhelming emphasis in the 

research and practical literature recommending integration is on external connections 

between the museum and the classroom.  Moreover, because they can be explicated 

and laid out in advance — for instance, through lists of content standards 

accompanying museum educator guides like the one for Math Moves! (see Appendix 

B) — they are valued in the current context of increasing standardization, high-stakes 

assessment, and accountability for schools and museums alike. 

In Chapters 4 and 5 I documented many instances of external connections, 

particularly through tasks asking students to make explicit links to school tasks and 

vocabulary, and to the designed rearrangement Ms. Barry was able to apply to her 

curricular sequence so as to match up her ratio-and-proportion unit with the timing of 

the field trip.  However, a striking feature of some of the interactions explored in these 

chapters — both for Maple and North Lake — is that entanglements between the 

museum and the classroom were not always scripted or built into the instructional 
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design of the trip.  Rather, in some cases, entanglements were occasioned by students’ 

spontaneous interests and curiosities about both assigned and unassigned exhibits.  

And, at times, entanglements took the form of spontaneous resonances, unanticipated 

perceptuomotor echoes that blended the feel of using the tools of the museum and the 

tools of the mathematics classroom.  The analysis of moments of spontaneous 

resonance open up new questions for me about design:  How can we design for 

spontaneous resonance in interactive spaces?  How can field-trip instructional designs 

leverage and value unanticipated, lived blends between disparate spaces for learning? 

How can we envision a situated art of teaching that is responsive to the unanticipated 

wonderings (to use Ms. Collins’ word) field-trip goers have in free-choice spaces? 

Perhaps more provocatively, my experience conducting this study has led me 

to question whether integrating school- and museum-based mathematics should really 

be the goal to begin with.  When I began this project, the logic of integration seemed 

so pervasive and self-evident that — somewhat to my own embarrassment now — I 

myself voiced it early on in this project when, unsure what to say to an Education 

Weekly reporter writing about New York City’s Museum of Mathematics, I advised 

that “there is a lot of benefit to looking at the curriculum and trying to arrange a trip so 

it is really integrated into what you are covering in class” (Adams, 2013, June 4). 

Yet, the interpretive findings I shared in Chapters 7 and 8 lead me to a 

different vision for field trips, one in disagreement with both the dominant model of 

best practice and my former self.  In Chapter 7, I described the ways in which teachers 

and students experienced field trips to Math Moves! as an event that desettled (Bang, 
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Warren, Rosebery, & Medin, 2012) mathematics.  And, in Chapter 8, I looked at the 

ways in which the desettling quality of the exhibition for field-trip visitors opened up 

the question of what counts as mathematics.  In light of these findings, I now wonder 

what is lost through instructional designs that attempt to smooth over the disruptions 

experienced in traversing across educational settings, with all their points of resonance 

and dissonance.  It seems to me that there may be untapped educative value in the felt 

disjunctures between Math Moves! and math-as-usual, especially if those differences 

provide sites for unearthing, working out, and reflecting on different visions of what 

counts as mathematics. 

Instead of reconciling differences, can we (researchers, teachers, and museum 

educators) promote desettlement? Can we orient to field trips not as curricular 

enhancement but rather as opportunities to make visible and call into question the very 

normative boundaries on mathematical sense-making that make certain curricula 

possible?  In an era of high-stakes assessment and increasing standardization, can the 

ruptures and discontinuities evoked by a field trip become spaces for dissent and sites 

for critique?  Can they become places to open questions that too often remain closed? 
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APPENDIX A 

 

Math Moves! Exhibits 

Balance and Imbalance 

  
This exhibit includes three types of balances:  a traditional balance, a balance with a circular scale, and 
a balance with multiple adjustable arms.  Visitors can hang weights of various sizes at various distances 

along the arms of each of the balances. 

Comparing Frequencies 

  
This exhibit consists of a large spinning wheel accompanied by varyingly sized hand-held disks 

equipped with clickers.  When placed against the larger wheel, the clicker of a small disk makes a 
sound each time the disk makes a revolution.  Visitors can alter the frequency of the clicking sounds by 

varying the chosen disk size and its placement against the wheel. 
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Shadow Fractions  

 
This exhibit is composed of a tabletop horizontal grid, a vertical grid, and an LED light mounted at the 
base of the horizontal grid and across from the vertical grid.  Visitors can place varyingly scaled plastic 

objects on the horizontal grid to create shadows on the vertical grid. 

 

Half Whole Double  

 
This exhibit is an immersive analog to Shadow Fractions in which visitors can use their whole bodies to 

create shadows along a large vertical grid. 
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Scaling Shapes  

 
This exhibit invites visitors to create enlarged versions of simple,  

3-dimensional shapes by doubling the sizes of the shapes in all three dimensions. 

 

Sensing Ratios  

   
This exhibit includes two knobs situated on linear tracks that correspond to the x and y coordinates of a 

digitally displayed graph produced in real time.  The positions of the knobs along the tracks are also 
coupled to two pitch modulators that produce tones of higher or lower frequency corresponding to 

higher or lower values for the x- and y- coordinates. 
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Partner Motion 

  
This exhibit creates and displays a graph of two visitors’ distances from a motion detector over time as 

they move along parallel, rainbow-colored, 10-foot tracks. 

 

Comparing Forms 

  
This exhibit includes three chairs that are proportionally scaled versions of one another.  The exhibit 
includes several challenges and both standard and nonstandard measurement tools to invite visitors to 

explore measuring the different dimensions of the chairs. 
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Drawing with Gears 

  
This exhibit is based on multiple interconnected, interchangeable, and differently sized gears that 

control the movement of a pen to create complex patterns on a sheet of paper that the visitor can take 
home. 

 

Shapes from Circles 

 
This exhibit includes a series of large fixed circles with smaller moveable circles of different sizes 

placed inside and equipped with small handles.  Visitors are invited to close their eyes and move the 
smaller circle around the interior edge of the larger circle while trying to sense the shape that they are 

tracing. 
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Triangle Math 

  
This exhibit is considered a companion piece to Shadow Fractions and is designed to allow the visitor to 
explore properties of similar triangles.  During the development process, Triangle Math was created as 
one of two “Math Moments” in order to address some of the designers’ desire to make the mathematics 

of Math Moves! more explicit. 

Slopes 

  
Slopes is the other “Math Moment” and is considered a companion piece to Sensing 
Ratios.  The visitor can manipulate each of the two knobs along linear scales in order 

to affect the location of the intersection of the two rulers attached to the knobs.  
Various colored shapes can be layered underneath the rulers and the visitor can 

attempt to move the knobs in such a way that the intersection of the rulers traces along 
the contour of a given shape.  
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 APPENDIX B  
 

Math Moves! Educator Guide Developed by the Science Museum of Minnesota 
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APPENDIX C 

Transcription Conventions 

Transcription conventions for the transcripts in Chapters 4-8 of this 

dissertation are modified from those developed by Jefferson (2004): 

[  ] Left and right square brackets indicate onset and ending of speech 

overlap. 

?!,.  Punctuation marks are used to indicate prosody. 

(0.5)  Numerals in parentheses indicate elapsed time in seconds. 

(.)  Indicates a short pause, usually less than 0.2 seconds. 

: Colons indicate elongated pronunciation of the sound preceding them.  

More colons indicate greater elongation. 

WORD Capitalized sounds are emphasized through pitch, volume, or both. 

↑↓  Arrows indicate large pitch inflections. 

= Equality symbols indicate latched speech, that is speech that begins 

directly after the speech prior to it. 

°word° Degree signs surrounding a word or word part indicates that the sounds 

are quieter than the surrounding talk. 

(h)  Parenthesized ‘h’ indicates breathiness associated with laughter. 

–  A dash means the speech is cut off. 
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((  ))    Double parentheses contain additional description or commentary. 

…  Ellipses indicate omitted transcript. 
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