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Abstract In this issue, we have compiled six original papers, outcomes from the U.S.

National Science Foundation (US-NSF)-funded REESE (Research and Evaluation on

Education in Science and Engineering) 2020 Vision: The Next Generation of STEM

Learning Research project. The purpose of 2020 Vision was to re-envision the questions

and frameworks guiding STEM research in the twenty-first century, given that notions of

learning have changed significantly in the last decade. The papers present diverse research

principles that emerged from an initial 2020 Vision conference at Oregon State University

(OSU), were then vetted more broadly with the science education community nationally

and internationally, and presented in a public 2020 Vision symposium series also at OSU.

Individually and as a group, these papers argue that if STEM learning is lifelong, life-wide

and life-deep, research designs need to cut across the diverse settings and investigate the

multiple contexts and media in which learners live and interact. Authors call for research

paradigms that holistically reflect questions of the ‘‘what, when, where, why, how and with

whom’’ of STEM learning. Associated Forum papers respond and expand the conversation

by critically examining the recommended research principles and in some cases, chal-

lenging both authors and editors to think even more broadly. Two Key Contributor pieces

highlight the contributions of researchers who have helped to push on these research
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boundaries, advancing science education research nationally and internationally. A final

synthesis paper, a case study of research being conducted in a diverse, under-resourced

community in Portland, Oregon provides one example of how the 2020 Vision research

principles might be integrated into a comprehensive STEM learning research study.

Keywords STEM learning research � Research paradigms � Research principles �
Lifelong learning � Twenty-first century

In an increasingly scientific and technological world the need for a science literate citi-

zenry has never been greater, that is, individuals who can understand the fundamentals of

STEM ideas and think critically about these issues, whether a STEM worker or an

informed citizen voting on a science-related issue or engaging in some form of citizen

science (National Academy of Sciences, National Academy of Engineering, and Institute

of Medicine of the National Academies 2005). Yet, despite considerable investment of

resources and efforts for many years, a range of indicators suggest that this ideal has yet to

be accomplished (e.g., National Research Council 2007, 2011).

There are positive signs though. Long-standing indicators of overall public science

literacy suggest incremental improvement (e.g., National Science Board 2014). In addition,

an appreciation that STEM learning is not confined to the classroom, but is a part of the

daily life of citizens has resulted in a blurring of the boundaries of where, when, how, why

and with whom people learn the STEM that they know and use every day (National

Research Council 2015). We now appreciate that STEM learning not only regularly occurs

in schools and universities, but also in informal settings like museums, science centers,

zoos and aquariums, when children and adults are at home, participate in community-based

activities and after-school programs and across a wide range of digital media. This shift in

understanding of the nature and process of STEM learning has initiated a growing

awareness in the field that the questions and frameworks guiding STEM research need to

reflect these new realities.

If STEM learning is truly a lifelong, life-wide and life-deep process, research designs

must cut across diverse settings and investigate multiple contexts and media, rather than

the historical approaches that have viewed learning within limited temporal, spatial and

socio-cultural contexts (e.g., the third grade classroom, the introductory college physics

course or fifth grade school field trip to a science center). New research paradigms and

approaches, created by stepping back and looking more holistically at questions of the

‘‘what, when, where, why, how and with whom’’ of STEM learning, are needed. The new

research principles that result from such reflections must better integrate learning realities

that cut across time, setting, space, socio-cultural practices, STEM content and relation-

ships between researchers, practitioners and learners themselves. Although a few inno-

vative STEM research efforts have tried to accommodate these new realities (e.g., some of

the work of the National Science Foundation funded learning centers such as Learning in

Informal and Formal Environments Center, Center for Informal Learning and Schools and

Center for Inquiry in Science Teaching and Learning, as well as the Free-Choice STEM

Learning research program at Oregon State University), we believe the field could sig-

nificantly benefit from a broadly inclusive, far-reaching dialogue on this topic.

This special 2020 Vision: Envisioning a new generation of STEM learning research

issue of Cultural Studies of Science Education was supported in part by a grant from the
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U.S. National Science Foundation (US-NSF)’s Research and Evaluation on Education in

Science and Engineering (REESE) program. These articles and Forum pieces represent one

part of an on-going international conversation focused on the need for new STEM learning

research paradigms. The 2020 Vision: Envisioning a new generation of STEM learning

research project was characterized by an iterative process of input, debate, synthesis and

dissemination.

The 2020 Vision process

In August 2009, with funding from the US-NSF REESE program, Oregon State University

(OSU) hosted an international invitational conference—2020 Vision: Towards the Next

Generation of STEM Learning Research—specifically designed to examine the opportu-

nities, challenges and barriers to developing cross-cutting research questions and para-

digms related to STEM learning research. In particular, the goal was to try to integrate

more current understandings of learning into STEM learning research, as well as propose a

range of new visions for possible future research directions. Each participant was asked to

come to the meeting, prepared to discuss the following two questions:

• What do you consider to be the two most interesting/important issues that STEM

learning research should be addressing in the next decade?

• What are the two most serious/problematic barriers (other than funding) that could

prevent the STEM learning research community from making significant progress in

the next decade?

Based on this ‘‘assignment,’’ conference participants first recommended nineteen

characteristics important to integrate within a cross-cutting research agenda that better

reflected current understandings of science, technology, engineering and mathematics

(STEM) learning among children and adults, in a variety of settings, including schools, but

also contexts such as the home, community-based activities, after-school programs, the

workplace, museums, science centers, zoos and aquariums, as well as across a wide range

of digital media. After discussing, prioritizing and synthesizing the nineteen characteris-

tics, working groups refined the list and each developed their ideas into an overarching

‘‘principle’’ that they felt STEM learning researchers should attempt to incorporate into

their research designs in the next decade. The result was an initial draft of a set of

recommended twenty-first century STEM learning research principles.

Although the four dozen participants who attended the initial 2020 Vision meeting were

selected to be broadly representative of the field of STEM learning researchers (K-12,

FCL/informal, post-secondary, media experts and so on), by design it was a small gath-

ering and thus not fully encompassing the broader STEM learning research community. So

following the meeting, 2020 Vision draft recommendations were vetted throughout 2009

and 2010 via posts on the 2020 Vision website, through presentations and discussions at

several international science education conferences and meetings attended by the larger

community of STEM learning researchers (e.g., the February 2010 American Association

for the Advancement of Science (AAAS) annual meeting; the March 2010 NSF-Research

and Evaluation on Education in Science and Engineering—REESE PI Summit; the March

2010 NARST annual meeting; the June 2010 NSF-Innovative Technologies for Teachers

and Students Afterschool Convening: Advancing a Shared Research Agenda, a June 2010

NSF-funded Conference on Science Education Policy; at a workshop focused on
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Behavioral and Social Sciences in STEM Education hosted by the NIH Office for

Behavioral and Social Sciences Research in July 2010; and the October 2010 Association

of Science-Technology annual meeting).

At these meetings researchers were asked the same two questions that 2020 Vision

participants had been asked, and then were presented with the draft principles that had

emerged from the 2020 Vision meeting. They were encouraged to provide frank feedback

and input, both on what had resulted from the meeting, but also on anything they felt was

missing from the recommended research principles.

With feedback and input from these varied research groups, the 2020 Vision team

revised the original key set of research principles. As before, the major goal of this aspect

of the initiative was to help build bridges across diverse research communities in order to

foster dialogue and synergies, making particular efforts to bridge the differences between

those historically focused on: early childhood, K-12, post-secondary education and

informal/free-choice settings. In addition, the initiative also strove to break down silos

between science, technology, engineering and mathematics (STEM) content professionals,

and build meaningful connections between research and practice within and across these

diverse learning communities. From this process, six key cross-cutting principles emerged

as fundamental to STEM learning research in the twenty-first century:

Principle 1 Frame STEM learning research within the broader social-cultural-po-

litical contexts of the needs and concerns of the larger global society.

Principle 2 Examine learning as a cultural process, involving varied repertoires of

practice across learners’ everyday lives, particularly non-dominant communities,

seeing how these connect with practices in STEM disciplines.

Principle 3 Rethink the coordination and integration of STEM content and pedagogy

in ways that more accurately reflect learning as a lifelong process that occurs across

settings (e.g., early childhood, K-12, higher education, informal), situations (school,

work and leisure time) and time frames.

Principle 4 Given the vastness of STEM what STEM content is actually worth

learning, is it possible or even worthwhile for an individual to have a working

understanding of all STEM topics.

Principle 5 Examine how and why to meaningfully engage practitioners from across

the learning landscape in the research enterprise.

Principle 6 Describe how existing and emerging technologies and new media are

and will continue to shape and redefine the content and practice of STEM learning

research.

In the spring and fall of 2011 we invited scholars with expertise in each of the research

areas to prepare draft papers and make a public presentation at OSU as part of the 2020

Vision symposium series. The goal was to further vet these initial ideas prior to compiling

their original papers, along with Forum pieces, into a special issue of Cultural Studies of

Science Education. After peer review, authors revised their papers in 2012 and Forum

authors were invited to respond and extend the conversation. Collectively, these efforts

were designed to create an ongoing, in-depth dialogue about the critical issues facing

STEM learning researchers in the coming decades.

This issue includes a series of original papers and Forum pieces. Five papers are based

on presentations at the 2020 Vision symposium series, each focused on a different research
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principle. Unfortunately, the author of the Principle 6 paper, James Gee, did not revise his

draft, leaving the special issue without a paper devoted to this important research principle.

Fortunately though, demonstrating just how critical existing and emerging technologies are

in shaping and redefining STEM learning and STEM learning research, several authors in

this issue do discuss the role of technologies, as they consider the other five principles.

There also is a final synthesis paper, providing one example of how the 2020 Vision

research principles might be integrated into comprehensive STEM learning research (and

practice).

The associated Forum pieces critically examine a recommended research approach, in

some cases, challenging both authors and editors to think even more broadly and holis-

tically. There also is a rejoinder to one of the Forum pieces. Two Key Contributor pieces

highlight the contributions of researchers who have helped to push on these research

boundaries throughout their careers, advancing science education research nationally and

internationally.

Overview of contributions

Principle 1 Frame STEM learning research within the broader socio-cultural-polit-

ical contexts of the needs and concerns of the larger global society.

The first section of the issue focuses on the importance of framing STEM learning research

within the broad social-cultural-political contexts of the larger global society and includes

an original paper by Dana Zeidler and an associated Forum piece by Kenneth Tobin. In his

paper, ‘‘STEM education: A deficit framework for the twenty-first century? A sociocultural

response,’’ Zeidler questions the current focus in science education research on narrowly

defined STEM-related goals, arguing that such goals, by their very definition, are deficit-

oriented. He asks two fundamental and provocative questions: What does an educative

experience embedded in STEM mean within the daily lives of citizens? And, what is

omitted by such a vision? Zeidler suggests that it is important to ask the second question,

not only in the context of formal and informal settings, but in the context of how these

experiences play out over a person’s lifetime, maintaining that framing science education

research in a sociocultural perspective with socioscientific goals is an alternative, more

asset-based approach.

In Tobin’s Forum piece, ‘‘Collaborating on global priorities: Science education for

everyone, any time and everywhere,’’ he extends the conversation, focusing on the urgency

to educate all humans about the science-related grand challenges they face, such as global

warming and wellness. He argues that since significant changes are needed in human

lifestyles, the current emphasis on preK-12 science education must be expanded to have

relevance for all citizens, irrespective of age, location, language proficiency, economic

resources, religion, gender, sexual preference, and level of prior education. He explores the

use of a multilogical framework to select science content that has high relevance to

sustainability, wellness, and well-being, and transform science education in ways that

focus on education for a literate citizenry (birth through death) and responsible action,

connected to the grand challenges of the present, at local, national, and global levels.

Principle 2 Examine learning as a cultural process, involving varied repertoires of

practice across learners’ everyday lives, particularly non-dominant communities,

seeing how these connect with practices in STEM disciplines.

2020 Vision: Envisioning a new generation of STEM learning… 5
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The next section of the issue discusses the necessity for STEM education research, in this

case mathematics, to examine learning as a cultural process, involving varied repertoires of

practice across learners’ everyday lives, with a particular focus on the importance of

connecting the daily lives of non-dominant communities to STEM discipline practices. The

section includes an original paper, ‘‘STEM learning research through a funds of knowledge

lens,’’ by Marta Civil, an associated Forum piece, ‘‘Stories of learning, identity,

navigations and boundary crossings in STEM in non-dominant communities: New

imaginaries for research and action,’’ by Jrène Rahm and a rejoinder to Rahm by Civil.

In her original paper, Civil builds on her work in funds of knowledge and mathematics

education, presenting three vignettes that raise provocative questions about the connections

between in-school and out-of-school mathematics: How do we define competence? How

do task and environment affect engagement? What is the role of affect, language, and

cognition in different settings? These examples highlight the complexity of moving across

different domains of STEM practice—everyday life, school, and STEM disciplines. Civil

goes on to propose several areas for further research, including the nature of everyday

STEM practices, language choice, and different forms of engagement.

In Rahm’s Forum piece, she suggests that Civil’s paper can be read as a story of Civil’s

trajectory as a researcher of everyday and school mathematics over time, grounded in

sociocultural historical theory. She builds on Civil’s work by exploring three issues: (1) the

grounding of STEM research in studies of learning, narrowly defined, and what this may

imply within the context of multilingualism and transculturism; (2) how funds of knowl-

edge put into question what counts as science; and, (3) some of the methodological

challenges Civil’s paper raises. She concludes by commenting about the future of the

STEM field and equitable science.

Civil’s rejoinder focuses on four themes that emerged from her reading of Rahm: (1) the

importance of the histories of youth of immigrant origin; (2) Rahm’s comments on

globalization, a topic that has been discussed earlier in other CSSE issues, as well as by

Tobin and Zeidler in this issue; (3) the theoretical lens that Rahm brings to her research;

and, (4) the methodological issues she discusses. Civil highlights Rahm’s humanizing

component and her call to understand the complexity of immigration, appreciating the

asset-based question: What are we doing in our global settings to build on youths’ diversity

of experiences and backgrounds as a resource for STEM learning?

Key contributors

We continue the tradition in this issue of CSSE, of honoring Key Contributors to the field

of science education, by observing either an institution supporting science education

research, and/or a scholar whose work has influenced a growing body of research in

science education. This particular key contributor piece is connected to the larger theme of

this issue, and in particular, the papers in the previous section. A. Susan Jurow recognizes

Kris Gutiérrez, Distinguished Professor in Literacy Studies and Learning Sciences and

Human Development at University of Colorado, Boulder. In Kris Gutiérrez: designing with

and for diversity in the learning sciences, Jurow reviews the significance of the theoretical

and practical contributions that Gutiérrez has made to research in science education. Her

pioneering ideas about design and equity have inspired scholars to investigate how to

leverage learners’ everyday practices to make meaningful connections to disciplinary-

based knowledge and skills. Her work has provided invaluable direction about how to

create and foster more equitable futures through critical understanding of cultural diversity

as a resource for transformative learning.
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Principle 3 Rethink the coordination and integration of STEM content and pedagogy

in ways that more accurately reflect learning as a lifelong process that occurs across

settings (e.g., K-12, post-secondary, informal), contexts and situations (school, work

and leisure time) and time frames.

The third section of the issue focuses on the need to rethink the coordination and

integration of STEM content and pedagogy to more accurately reflect learning as a lifelong

process that occurs across settings contexts and situations, and time frames. It includes an

original paper by William Penuel and a Forum piece by Wolff-Michael Roth.

In Penuel’s original paper, ‘‘Studying science and engineering learning in practice,’’ he

posits that the key goal of science and engineering education is to provide opportunities for

people to access, interpret, and make use of science and engineering to address practical

human needs, yet most education research, focuses on how best to prepare students in

schools to participate in forms of science and engineering practices that resemble those of

disciplinary experts. He argues that education research is needed that focuses on how

people use science and engineering in social practices. Drawing upon social practice

theory, he maintains that learning is an essential part of these activities, not only because

people access and make use of science knowledge while participating in these practices,

but also because participation transforms the ways that people imagine themselves and

expands their possibilities for action. He believes that research can inform and support

these efforts, both directly and indirectly, by accounting for the conditions of science and

engineering learning and by diagnosing inequities in access to science and engineering that

might address pressing human needs.

Roth’s paper, ‘‘On the societal nature of praxis and organic research,’’ presents an

approach built on societal-historical activity theory that also takes activism as a major

category for theorizing participation, thus allowing researchers to empirically consider the

production of inequity and restrictions to access science and engineering that are char-

acteristic of many societies.

Key contributors

The second key contributor piece by Léonie Rennie, ‘‘John Falk and Lynn Dierking:

building the field of informal/free-choice science education’’ recognizes Falk, Sea Grant

Professor of Free-Choice STEM Learning, Oregon State University and Director, Institute

for Learning Innovation, and Dierking, Sea Grant Professor of Free-Choice STEM

Learning and Associate Dean for Research, Oregon State University. Rennie discusses

their on-going efforts, in both their collaborative and individual work, to highlight the

critical importance of ‘‘context’’ in science learning, a concept that has underpinned their

academic contributions to science education research overall, and specifically to the field

of informal/free-choice science learning research. Rennie also notes that although their

interests and skills overlap in complementary ways, both have made significant individual

contributions; Falk in his work on identity and impact, and Dierking in her work on

community, youth, family and equity. Their commitment to innovation as science edu-

cation leaders and scholars is demonstrated by their vision for this special issue’s theme,

and the SYNERGIES project, within a diverse and under-resourced community in Port-

land, where they are attempting to re-conceptualize and collaboratively reconfigure in-

school and out-of-school science learning as a complex, integrated ecosystem. This project

is highlighted in the final synthesis paper.

2020 Vision: Envisioning a new generation of STEM learning… 7
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Principle 4 Given the vastness of STEM what STEM content is actually worth

learning, is it possible or even worthwhile for an individual to have a working

understanding of all STEM topics?

The fourth section of the issue focuses on STEM content and addresses what STEM

content is actually worth learning, posing the question of whether it is possible or even

worthwhile for an individual to have a working understanding of all STEM topics. It

includes an original paper by Grace Reid and the late Stephen Norris and an associated

Forum piece by Martin Storksdieck.

In their original paper, ‘‘Scientific media education in the classroom and beyond—a

research agenda for the next decade,’’ Reid and Norris posit that scientific media education

(SME), which provides learners the ability to draw upon knowledge of media and science,

in order to choose, understand, evaluate, and respond to representations of science across

diverse media genres, is the most important content area that can be taught in and out of the

science classroom. Thus rather than focusing on which individual STEM disciplines or

topics to include or not, they identify a research agenda focused on scientific media

education. They argue for making scientific media education a key content area in both

formal and informal science learning environments with particular focus on those research

avenues designed to better understand: (1) limitations in current practices of scientific

media education; (2) what scientific media education should look like in the future; and (3)

strategies that might alleviate the barriers to implementing new and improved scientific

media education.

In Storksdieck’s Forum piece, ‘‘Critical information literacy as a core skill for lifelong

STEM learning in the twenty-first century: Reflections on the desirability and feasibility

for widespread science media education,’’ he maintains that there are issues with Reid and

Norris’ approach to the problem of selecting STEM content—both how they define the

problem and how they propose solving it. Furthermore he argues for the need for a stronger

intellectual/research foundation than they recommend. He concludes that making SME an

integral part of STEM education is unrealistic, and instead offers the broader concept of

information literacy, which better aligns with the current strong movement to conceptu-

alize STEM education through science and engineering practices and within the broad

goals of strengthening learners’ twenty-first century learning skills. Although the focus of

Storksdieck’s paper is not on Principle 6, ‘‘Describe how existing and emerging tech-

nologies and new media are, and will continue to shape and redefine the content and

practice of STEM learning research,’’ his Forum piece does raise important considerations

vis-à-vis the role that existing and emerging technologies and new media play in STEM

learning.

Principle 5 Examine how and why to meaningfully engage practitioners from across

the learning landscape in the research enterprise.

The fifth section of the issue focuses on the need to examine how and why to meaningfully

engage practitioners from across the learning landscape in the research enterprise. It

includes an original paper by Shawn Rowe.

In Rowe’s paper, ‘‘Re-authoring research conversations: Beyond epistemological dif-

ferences and toward transformative experience in professional development of educators,’’

he discusses the commonplace concern among education researchers studying learning in

both formal and informal learning contexts that many educators, both master teachers and

those practicing the craft as novices, do not embrace educational research. Primarily

viewed as a deficiency on the part of teachers and the profession of teaching, speaking

8 L. D. Dierking, J. H. Falk
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from his own experience working with classroom teachers and educators in a wide range of

out-of-school settings, Rowe suggests this has more to do with researchers and the nature

of the research being conducted, than oft-noted reasons that research is too difficult to

understand, unrelated to practice and that teachers’ and researchers’ epistemologies differ.

He extends the conversation beyond epistemology, by raising additional issues related to:

(1) the presentation of self in the teaching profession; (2) research as a tool that often

conflicts, and, in many cases, transgresses its subjects’ opportunities to author their own

life experiences and self; and, (3) the role of re-authoring/re-narrativizing in moving

beyond transgression to transformation, by bringing educator’s voices to the table as

partners in authoring a joint vision of teachers, teaching, and we would argue, research. In

this vein, Rowe’s paper connects to earlier papers urging new, more participatory

approaches to research (Tobin, Penuel, Civil, Rahm), which not only demonstrate how

people access and make use of science knowledge while participating in science (and

engineering) practices, but also document how such participation can transform learners’

views about what science is, who does it and their relationship to it, potentially encour-

aging further participation and action.

Integrating the 2020 Vision research principles

A final synthesis paper, ‘‘The SYNERGIES project: A 2020 Vision case study’’, authored

by John Falk, Lynn Dierking, Nancy Staus, Jennifer Wyld, Deborah Bailey and William

Penuel discusses an on-going longitudinal study being conducted in a diverse, under-

resourced community in Portland, Oregon, with the hope of measurably improving STEM

learning, interest and participation, both in school and out of school for middle school-

aged youth and their families. Although the earlier papers and Forum pieces provide

innumerable research ideas and directions, and each offers a big view, they focus on a

specific aspect of the 2020 research vision; in great part, because that was the charge

authors were given. We write this final paper to provide a synoptic view of what future

STEM learning research could look like, providing one example of how the 2020 Vision

research principles might be integrated into a comprehensive STEM learning research (and

practice) effort.

Organized around the original six research principles, authors examine how each is

integral to this research effort with a design attempting to: (1) more accurately reflect

learning as a lifelong process occurring across settings, situations and time frames; (2) take

into account the broader socio-cultural-political contexts of the needs and concerns of the

larger global society; (3) examine learning as a cultural process, involving varied reper-

toires of practice across learners’ everyday lives; (4) consider what STEM content is worth

learning; (5) directly involve practitioners (and learners) in the research process; and, (6)

document how existing and emerging technologies and new media are, and will continue,

to shape and redefine the content and practice of STEM learning research. It is an ambi-

tious effort and we discuss the challenges and successes thus far.

In closing, we would like to thank CSSE’s Editorial Board for providing us the

opportunity to publish these papers in this special issue to foster on-going dialogue and

debate about the future of science education research broadly writ. We hope that the

papers, and the consequent conversations, enable us as a community of researchers to be

proactive as we move forward, embracing new ideas and approaches to conducting

research in the twenty-first century.

2020 Vision: Envisioning a new generation of STEM learning… 9
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Abstract The ubiquitous of STEM education initiatives in recent years has created a

bandwagon that has moved at nearly light speed. The impulse of the science education

community and policy-makers is to grab hold for dear life or be marginalized from sub-

sequent discussions about the necessity and consequences of using STEM initiatives to

prepare and inform our next generation of citizens. This commentary questions the pru-

dence of STEM-related science education goals, as typically represented and discussed in

the literature, and likens the current practice to a deficit framework. A sociocultural per-

spective framed through socioscientific considerations is offered as an alternative con-

ceptualization as well as surplus model to hegemonic STEM practices.

Keywords STEM � Socioscientific issues � Sociocultural issues � Scientific
literacy

STEM education mandates, coalitions and policies have become a ubiquitous part of the

political and educational landscape in recent years, particularly in theUS. It is often citedwith

mantra-like invocations from a wide array of diverse organizations ranging from the

Department of Homeland Security (2012) and theNational Science Foundation (2010), to the

Boy Scouts of America (2013). The purpose of this paper is twofold: (1) To challenge the

prevailing assumptions that STEM initiatives are a panacea to prepare the next generation of

an informed citizenry, and (2) Frame STEM learning research within a broader sociocultural

context necessary to address the expansive concerns of a larger global society. To accomplish

this purpose, arguments addressing conceptual issues related the aims of STEM-centric views
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as a deficit educational model will be addressed, followed by current research that applies

sociocultural responses through the socioscientific issues (SSI) framework (Zeidler, Sadler,

Simmons and Howes 2005) to prevailing norms of STEM education.

A difficulty facing scholars and educators resides in navigating through a barrage of

politically correct chatter advancing STEM initiatives at all costs while avoiding being hit

broadside by bandwagons propagating those aims. One important fundamental question to

ask is what does an educative experience embedded in STEM entail for the daily lives of

citizens? However, the exhortative function of the null curriculum (Flinders, Noddings and

Thornton 1986) compels us to ponder a second important fundamental question—What is

omitted by such a vision? It is important to ask that question not only in the context of

formal and informal settings, but in the context of how that experience plays out throughout

life-long development. To adequately address this question, we will find, requires, blurring

the sharp edges of discipline and cultural boundaries. This is, no doubt, a laudable aim, and I

would not claim to have fully succeeded in that venture here. What I do hope to accomplish

is the initiation of a discussion that, to my way of thinking, necessarily requires framing

STEM learning research within the broader sociocultural and political contexts of the needs

and concerns for responsible participation in global communities, and that doing so requires

the recognition of a humanistic perspective of scientific literacy for STEM research in

science education. Failing to recognize or willfully ignoring the primacy of sociocultural

frameworks will inevitably result in a deficit educational model of STEM initiatives.

Claims that STEM-engaged teachers increase their content knowledge and become

more ‘‘reform-oriented’’ having participated in professional learning communities (Fulton

and Britton 2011) may reasonably be construed as platitudes when understood in the larger

context of research revealing that common but misplaced assumptions about how content

knowledge (Gess-Newsome and Lederman 1999) and even conceptual understandings of

how science translates into practice (Lederman and Zeidler 1987) were wrong. While I

suspect that not all authors of this volume may agree, based on my experience as a

researcher and educator, I argue that it is neither feasible nor particularly important for

students to have a working understanding of all STEM topics. Moreover, it is intellectually

and developmentally restrictive to view scientific understanding within the bounds of

STEM. In contrast, however, it is fundamentally important for any student to be able to

frame any STEM topic in a personal, thoughtful and meaningful context so as to allow for

open inquiry, discourse, and evidence-based reasoning. The ability to do so, we will find,

requires a global perspective of scientific literacy that entails, among other skills, the

proclivity and ability to envision the role of sociocultural-political contexts in which such

topics reside. Understanding the situational nature of those contexts and the ability to

contextualize scientific issues in responsible ways requires the exercise of prudence,

morality and character. It is precisely the lack of these qualities that accounts for the deficit

thinking in STEM-based initiatives. Indeed, it is the power of these (and related)

humanistic contributions that have the potential to transform the public at-large to

appreciate the central role STEM will play in their lives and the world that surrounds them.

STEM focus as a hegemonic issue

STEM, as typically presented or discussed, particularly in the US policy literature (AAU

2011; NRC 2011, 2012, 2013a, b), appears to be rooted in a distinct view of science that

leads to little more than that of a bifurcated understanding of science. Its myopic focus has

the net effect of cleaving our understanding of science, and by extension, STEM-focused
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initiatives, into two distinct conceptual camps. The practice of science may be thought of

as having non-normative components (e.g., data gathering, observation, predictions, sci-

entific methods and processes) and normative components (e.g., prescribing courses of

action, choosing to create selected products, decisions about what ought to be done). Both

aspects are complementary, and the recognition of how both contribute to a holistic

understanding of the Nature of Science (NOS) is important in practice and policy for-

mation in science education. However, the STEM movement tends to focus on the non-

normative pieces, to the virtual exclusion of the normative parts. For example, an exam-

ination of the Next Generation Science Standards (NRC 2012) reveals ‘‘crosscutting’’

concepts that clearly promote the non-normative parts, but muddles in dubious fashion the

non-normative elements. A case in point is revealed in Nature of Science Standards section

(NRC 2013a, p. 6) where among understandings of NOS it includes:

• Science knowledge can describe consequences of actions but is not responsible for

society’s decisions.

• Science knowledge indicates what can happen in natural systems—not what should

happen. The latter involves ethics, values, and human decisions about the use of

knowledge.

• Many decisions are not made using science alone, but rely on social and cultural

contexts to resolve issues.

At first blush, most science educators, I suspect, would assent to these claims. But as to

the first point, ‘‘science’’ seems to be reified as if it has achieved ontological status quite

independent from the worldly affairs of human beings. As to the second statement, the

classic fact-value distinction about science, which represents the cannons of positivist

orthodoxy, is assumed, while the third statement suggests an empirical claim that de facto,

actually aligns with sociocultural views of science. But the three statements taken together

are inconsistent at best, schizophrenic at worst. Such a splintered view is not only one

based in a deficit model, it is a morally untenable position to maintain in that it allows for

the abdication of any sense of responsibility during the practice of science, or in the

decision making process about the everyday use of science in the public sector by ordinary

citizens removed from research paradigms. Harris (2010, pp. 179–180) underscores this

point well:

Multiculturalism, moral relativism, political correctness, tolerance even of intoler-

ance—these are the familiar consequences of separating facts and values. (p. 5) …
Einstein famously doubted Bohr’s view of quantum mechanics, and yet both phys-

icists were armed with the same experimental findings and mathematical techniques.

Was their disagreement a matter of ‘‘philosophy’’ or ‘‘physics’’? …We cannot

always draw a line between scientific thinking and ‘‘mere’’ philosophy because all

data must be interpreted against a background theory, and different theories come

bundled with a fair amount of contextual reasoning. …Most scientists treat facts and

values as though they were distinct and irreconcilable in principle. I have argued that

they cannot be, as anything of value must be valuable to someone (whether actually

or potentially)—and, therefore, its value should be attributable to facts about the

well-being of conscious creatures. One could call this a ‘‘philosophical’’ position, but

it is one that directly relates to the boundaries of science.

Of course, there are concerns, rightfully raised by those in the political landscape, about

the future education of those in STEM-related disciplines. Consider President Obama’s
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Education Secretary’s remarks to the President’s Council of Advisors on Science and

Technology:

To move this work forward we need to build new curricula and use extended time to

make science more interesting and relevant…We need all of our citizens to think

about ways to increase fuel economy standards for cars and trucks so they will get

better mileage and reduce the nation’s dependency on fossil fuels…And we need

teachers who have the deep content knowledge of the STEM fields and the passion

for teaching our children to prepare them to be the next generation of engineers,

scientists, mathematicians, and leaders for technological innovation (Duncan 2009).

To be fair, these are selected comments from a longer speech—but the spirit of the full

speech does not deviate from a laser-like focus on technocratic issues embedded in the

language of STEM initiatives. While most science educators would agree with the over-

arching goal (increase both number and quality of those who choose to enter the STEM

pipeline) of that speech, my concern lies in the means by which we achieve such ends. My

uneasiness is not so much for the small percent of future experts in the STEM fields

(although I am worried that they too recognize the moral choices inherent in systems-

related thinking), but for the greater percentage of non-STEM majors who will be asked to

vote on legislative policies, exercise eco-consumer choices that impact the quality of life

for their families and communities, as well as commit to decisions that impact our inter-

connected global environments. But I do concur with Mr. Duncan—science needs to be

more interesting and relevant—but for all global citizens whose everyday actions and

decisions will inevitably impact all.

That many students find science to be impersonal, irrelevant and removed from their

immediate lives is unfortunate. The problem extends beyond K-12 education. For example,

the Association for American Universities recently announced a 5-year initiative for

improving STEM undergraduate education (Association of American Universities 2011).

Their first goal relates to developing a framework to improve the quality of STEM teaching

and learning, and laud new approaches to ‘‘scientific teaching’’ as reported by Handelsman

et al. (2004). An examination of this work, published by the American Association for the

Advancement of Science (AAAS), reveals a surprisingly brief two-page article attributed

to ten authors containing suggestions ranging from rearranging the furniture in classroom

from lecture-style rows to sets of round tables to accommodate group work (e.g., group

problem-solving) to departing from traditional type lectures to more inquiry-based activ-

ities. While I can appreciate the attempt at trying to make science more interesting, I

believe that superficial recommendations like rearranging the furniture is tantamount to

rearranging the deck chairs on the Titanic. At best, you might wind up with a better seat to

witness the unfolding disaster.

Similarly, the Board on Science Education (BOSE) at the National Academy of Science

(NAS 2012) has recently developed ‘‘core’’ ideas that will guide and inform a new

framework that identifies key scientific practices and concepts that students should master

by the end of their high school education. As core ideas are developed, they should meet as

least two of the following criteria:

1. Have broad importance across multiple sciences or engineering disciplines or be a key

organizing principle of a single discipline;

2. Provide a key tool for understanding or investigating more complex ideas and solving

problems;
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3. Relate to the interests and life experiences of students or be connected to societal or

personal concerns that require scientific or technical knowledge;

4. Be teachable and learnable over multiple grades at increasing levels of depth and

sophistication. That is, the idea can be made accessible to younger students but is

broad enough to sustain continued investigation over years (p. 36).

The third criterion, on the surface, appears to hold promise for tapping students’ personal

epistemologies. However, most discussion about ‘‘crosscutting concepts’’ is limited to the

cause and effect, explanatory patterns of thinking that align themselves with STEM and

related-content knowledge. The focus is clearly on technocratic issues and the implicit

assumption is that if teachers can merely tack on or point out a connection to students’ life

experiences, so much the better. To understand the underpinnings of this hegemonic focus,

one only need examine the historical documents of Science for all Americans (AAAS

1989) or The liberal art of science: Agenda for action (AAAS 1990) to note that these tend

to be rooted in the same canons of positivistic orthodoxy that gauge the merit and worth of

knowledge by such ‘‘core pillars’’ of science as realism, presuppositions logic, universality

and the like: ‘‘To believe that only science has testable, real knowledge—not philosophy or

theology or any other discipline—is simply unmitigated scientism… Science contributes to

culture by energetically proclaiming its own testable knowledge—not by denouncing

additional sources of testable knowledge that may in fact have great legitimacy and value’’

(Gauch 2009, p. 39).

We don’t find much help from examining suggestions of the National Research Council

(NRC 2011). This document purports to outline criteria for identifying the ‘‘best practices’’

of effective STEM schools. The focus of their report is limited to the science and math-

ematics aspects of STEM. The report expresses concern, and rightfully so, about the

significant gaps in achievement for US students by the time they finish 8th grade, partic-

ularly for ‘‘underserved’’ students. The general goal of promoting more inclusion in STEM

fields is, of course, laudable. The report identifies fairly generic key elements that promote

effective STEM instruction such as high capacity teachers, strong leadership, proper

instructional time, and the like. While the report acknowledges that school cultures need to

support learning, where success is defined in many ways over different settings, it carries

with it shades of what would can be referred to as ‘‘crypto-positivism,’’ where an unex-

amined set of cultural epistemological beliefs becomes decontextualized (Friedrich 1992),

and the knowledge derived from those beliefs becomes objectified and generalized (e.g., as

in the case of ‘‘best practices’’) so as to unwittingly endorse the norms and values already

dominant in that culture (Kincheloe and Tobin 2009). The failure to appreciate the unique

temporal, cultural, economic, and political webs of social matrices that make up the

immediate lives and environments of students’ epistemological views only furthers

hegemonic powers. This is precisely why there has been some pushback to the mainstay

STEM program evaluation approaches (‘‘scientifically’’ randomized quantitative approa-

ches with generalizability powers) that organizations like the American Association for the

Advancement of Science, National Science Foundation or the U.S. Department of Edu-

cation typically endorse (Lawrenz and Huffman 2006). For example, the Institute of

Education Sciences (an initiative of the US Department of Education) has produced a

procedures and standards handbook used for ‘‘…critical assessments of scientific evidence

on the effectiveness of education programs, policies, and practices… (2010, p. 1). The

singular focus of those guidelines is on randomized controlled trail and comparisons group

quasi-experimental designs yielding statistical significance. The crypto-positivism hege-

monic message here does not seem all that crypto—sociocultural research that may rely on
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qualitative inquiry is too messy, not scientifically sound, not valued, and certainly not

funded.

There are those that have voiced concern as to the limited scope of such research

practices and have argued for the necessity of methodological pluralism (Maxwell 2004)

and values-engaged approaches (Greene, DeStefano, Burgon and Hall 2006) to STEM

evaluation that are sensitive to sociocultural factors such as the political, cultural, ethnic,

interpersonal and institutional qualities of programs Lawrenz and Huffman (2006). An

emphasis on sociocultural facets opens the door to issues connected to social justice that

often challenges dominant hegemonic powers (Fensham 2007).

Approaches like those of AAAS and NRC, are, by their very nature, the same deficit

approach that past trends in STS education heralded. That model has been criticized for

falling short of the mark; its limitations lie in the fact that content-driven curricula will be

made interesting and personally relevant if we simply point out societal connections to

students (Zeidler et al. 2005). STS education as typically practiced, and STEM education

presently advocated, fails to be embedded in a coherent developmental or sociological

framework that explicitly considers the psychological and epistemological growth of the

child and ignores the development of character or virtue (refer to Zeidler and Sadler 2008

for a more detailed analysis on this topic). Missing, is explicit attention to socioscientific

and sociocultural perspectives central to forming a fully developed sense of scientific

identity that necessarily entails the enactment of moral responsibility. This view, while

perhaps controversial, is nonetheless consistent with other sociocultural views of forming a

scientific literacy (Sadler and Zeidler 2009) and subsequently, scientific identity (Brown,

Reveles and Kelly 2005) resulting from collective experiences gleaned through a cultural

context of thought, discourse and action.

Education initiatives, such as those cited by many the professional associations above,

create superficial changes to classroom norms; a new mantra is enacted and those on the

bandwagon believe if they align their teaching, tests, high stakes tests, and classroom

assessments that we will achieve the goals of (US) STEM education. The problem remains

that students are likely to be either still dependent on the teacher for what to know and how

to think, or the problems at-hand are still disconnected (decontextualized) from their

normative core beliefs and interests. In contrast, it is possible to create deep structural

changes that rearrange those norms at a core level of social networks and structures. It is a

question of whether or not such changes merely bring about transformation of the cur-

riculum, or in contrast, mediate transformative shifts in students’ core epistemic beliefs

about the nature and structure of knowledge:

… one may think about how to rearrange desks and chairs, evoke an alternative

pedagogy, or initiate a different pedagogical approach. In this case, there would

certainly be changes in the classroom and between student-teacher interactions. We

could properly speak about that experience as having undergone a certain type of

transformation. But those elements merely represent changes in surface features’

normative relationships. By contrast, if a teacher and his or her students experience

pedagogical changes in ways that alter the fundamental nature of social discourse

and community, we should understand that the experiences bringing about this

deeper shift in epistemic beliefs are different in kind, and may properly be said to be

transformative (Zeidler, Applebaum and Sadler 2011, p. 278).

In understanding what is means to shift from traditional classroom practice to a progressive

framework that provides transformative experiences, it is important to understand the

distinction between the pedestrian transformations that come about as a result of new
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surface structure reform mantras and slogans, and that of deep-structure transformative

practice—the latter representing fundamental normative shifts in core pedagogical

experiences on the part of teachers, the curriculum, and how each leads to facilitating

student empowerment in terms of taking responsibility for one’s own learning. Indeed

there is an expectancy effect in such a classroom; socially constructed autonomous

learning. Transformative practice, in this sense, is synergistic in that teachers implementing

carefully crafted curriculum empowers student learning far beyond the sum of the parts.

Socioscientific issues as a sociocultural response to STEM

Silo effects

STEM-based programs, at the present, tend to be conceived and entrenched in silos of

science, technology, engineering and mathematics; attention is then directed at crosscutting

connections among those areas. The problem at-hand is that doing so creates a stilted

understanding of scientific literacy. Moreover, the restrictive nature of STEM silos

effectively removes it from the cultural milieu of ordinary experiences by ordinary stu-

dents. The overlap of STEM silos are typically focused on aspects of scientism that

perpetuate unreflective narratives and undue confidence in public policy derived from

scientific programs steeped in objectivity. But it is difficult, if not impossible, to find

language in STEM-related initiatives that advocate for and call attention to the serious

exploration of science in guided by human-based morality that allows students to reflect on

their own knowledge formation, clarify and elucidate their own personal positions on

issues, practice deriving policy, gain experience in the evaluation of credible evidence,

understand the social context of how scientific knowledge is constructed and socially

shared, or other ‘sociologics’ of scientific decisions that might question dominant hege-

monic positions of science and its processes (Fountain 1998). Stated more simply, STEM

education as typically envisioned and practiced, lacks ‘‘STEAM.’’ A focus on STEM sans

‘‘Arts’’ necessarily excludes important areas that inform and contextualize science by

grounding them in sociocultural contexts. The Arts include areas like, for example, soci-

ology, psychology, history, fine arts, philosophy and, ironically, education. Yakman (2008)

provides an interesting visual representation of what a holistic sociocultural model (i.e.,

STEAM) conducive to scientific life-long learning might entail (Fig. 1 below).

I can hear the objections coming. Why take a perfectly good acronym like STEM and

muck it up with a superfluous one like STEAM? While I do not have an issue with most of

the important relationships expressed within STEM per se (NB, I am not wedded to

STEAM), I do have serious concerns about what may be omitted or underserved, either

intentionally or unwittingly, in the practice of STEM. What is striking is not only the

depiction of monolithic discrete silos occupied by the ancestors of the STEM quadrivium

disciplines, but the realization that, any cross-cutting connections to the trivium are excised

altogether. Historically, the quadrivium represented the ‘‘higher division’’ of the Seven

Liberal Arts (i.e., embodying arithmetic, geometry, music, and astronomy). Over time, it

became firmly aligned with the ‘‘hard’’ (or pure) sciences. In contrast, the trivium, con-

sisting of grammar (prose), rhetoric, and logic became more aligned with the humanities

and were relegated to the ‘‘lower division.’’ (It is interesting to note that music might seem

out of place with the other disciplines of the quadrivium, but one must bear in mind that

during this period its treatment was more abstract and academic in nature, delivery sotto

voce, and presented in a manner not unlike that of reciting spdf configurations.) It may be
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the case that purposefully or not, there is a prevailing perspective from those who do not

see the need to move beyond the silos of STEM that has contributed to the historical

logjam between the Arts and Sciences and the Humanities. Consider one final comment on

this point cited by Wingo (1974) from an editorial in Science: ‘‘After the rigors of training

in science, the subject content of the humanities seems hardly more difficult than a good

novel’’ (p. 71).

This short historical excursion is important because it reminds us of the etymological

roots of the trivium and its modern day cousin ‘‘trivial’’ (i.e., trite, petty, and of little

worth). This distinction also compels us to understand the roots of marginalization rele-

gated to the humanities within the worldview of many STEM advocates (Zeidler 2002).

But what is excised in many contemporary notions of STEM is precisely what relegates it

to a deficit framework. In contrast, sociocultural views of science education policy and

education affirm what strict STEM views deny.

Others such as Gauch (2009) and Lacey (2007) have raised the issue as to the extent to

which the humanities filter worldview convictions of empirical and public scientific evi-

dence. This view is aligned with others who advocate progressive pedagogical stances in

science education (Aikenhead, Orpwood, and Fensham 2011). Breaking down the disci-

pline-specific silos of STEM opens the door for a truly integrative sociocultural stance of

science education. Doing so taps into the trivium utilizing elements of sociology, philos-

ophy, psychology, and fine arts so that science might be contextualized in personally

meaningful ways for students. One case in point related to industry is instructive. In

describing how the orchestration of software and hardware was a matter of seamless

integration, as well as how the liberal arts and technology were woven into the fabric of his

company, Steve Jobs said: ‘‘It’s in Apple’s DNA that technology alone is not enough. We

believe that it’s technology married with the humanities that yields us the result that makes

Fig. 1 STEAM: a framework for teaching across the disciplines
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our heart sing … We think we have the right architecture not just in silicon, but in our

organization, to build these kinds of products’’ (Isaacson 2011, p. 527).

Moving STEM from deficit to surplus: a sociocultural socioscientific response

Before we consider some of the stronger empirical claims that SSI has to offer in terms of

framing STEM learning within broader sociocultural and related political contexts of the

needs and concerns of the larger global society, one more conceptual distinction to stress

the primacy of sociocultural science education is warranted. If we can agree that an

important goal of science education is the ability to make informed judgments using

evidence-based reasoning, if we accept that the crux of making informed judgments is tied

to being scientifically literate, and if we allow that the expression of scientific literacy

necessitates the act of responsible decision-making, then the mist clears as to why the

bifurcation of science into normative and non-normative components is both an unrealistic

educational policy and potentially dangerous. We need to ask ourselves if we can imagine

a world where one can be properly identified as being scientifically literate, yet bear no

responsibility to subsequent decisions made about policy, research, community, family and

the like. We would likely agree that such an individual would possess technical compe-

tence, but lack the inclination to enact that knowledge with due consideration of the

physical or social environment. While extreme cases easily come to mind (e.g., Tuskegee,

Nazi medical experimentation), there exist less nefarious but serious borderline cases such

as that of parents deciding not to vaccinate their child without considering the ethical/

moral implication of that decision relative to society, or whether or not to support opening

up natural resources exploration in presently protected or sensitive environments. Next, ask

yourself if you can imagine a scenario in which one makes consistently responsible

decisions that impact the world around us and lacks scientific literacy? You might be hard

pressed to imagine such decisions not being informed by knowledge of or about science. It

would seem that some manner of scientific literacy is a prerequisite to making responsible

decisions, though not a sufficient condition for such decisions to occur. And having the

inclination to act on knowledge tempered with due consideration toward social and eco-

justice requires reflexive judgment—the ability to continuously render judgment on our

own actions as well as our own character, critical in the formation of a conscious (Green

1999). While literacy may not require a moral compass, scientific literacy, in the sense that

I advocate, does.

While other important related sociocultural perspectives are found in the science edu-

cation literature (e.g., Tippens, Mueller, Eijck and Adams 2010), I will focus more spe-

cifically on the SSI framework. In recent years, the SSI framework has provided

researchers and educators with a sociocultural lens by which they may authentically

connect students’ worlds to the scientific worldviews (Mueller and Zeidler 2010), engage

them in the activity of science (Walker, and Zeidler 2007), foster evidence-based reasoning

(Zeidler, Sadler, Applebaum and Callahan 2009), develop NOS understanding (Eastwood,

Sadler, Zeidler, Lewis, Amiri and Applebaum 2012), advance reflective judgment (Zeidler

et al. 2009), facilitate scientific literacy (Zeidler and Sadler 2011), foster a sense of ethical

caring (Fowler, Zeidler, and Sadler 2009) and promote character (Lee, Chang, Choi, Kim

and Zeidler 2012) in thinking about the social and natural world. These research efforts

provide both empirical and conceptual rationales to move STEM education from a ped-

agogically deficit model of decontextualized ‘‘crypto positivism’’ to that of a highly

contextualized humanistic sociocultural model of personal scientific epistemological

development. My central claim is that SSI scholarship subsumes most STEM initiatives
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and reframes its associative learning within a broader sociocultural context of the needs

and concerns of the larger global society. Let us examine how this is the case.

A common characteristic of these research studies is the emphasis on social discourse

utilizing evidence-based reasoning in the exploration of scientific topics and the mutual

construction of shared knowledge. It should not be surprising that features of social dis-

course including argumentation, discussion, debate, and the like typically residing in

pedagogical models of SSI facilitate prudence, character, and (scientific) responsibility.

The SSI framework taps into sociocultural perspectives that promote cognitive, moral,

social and emotional development. If we can agree that a major goal of science education is

to have students reason well and reason better, then it follows that any notion of ‘‘better’’

would at least include reasoning at higher developmental stages. In the case of my own

research endeavors, I have equated fostering developmental reasoning with more robust,

fully-informed, multi-perspectival manners of thinking often associated with higher stages

of cognitive, moral and epistemological development (Zeidler and Keefer 2003). Higher

stages are understood to be ‘‘better’’ stages on two fronts: (1) formalistic (i.e., individuals

can evoke a measure of impersonality, ideality, universalizability, preemptiveness); and,

(2) naturalistic (i.e., individuals prefer the highest stage of reasoning they developmentally

comprehend (Kohlberg, Boyd and Levine 1990). This stance aims not at ‘stage accelera-

tion’ but at providing the pedagogical conditions necessary to ensure the practice and

eventual attainment of higher-order thinking. The argument that higher developmental or

conceptual stages of personal epistemological beliefs equate to better-integrated knowl-

edge about the world is rather ubiquitous in the literature (see Zeidler 2014 for a more

detailed account of these ideas).

Inasmuch as SSI approaches are informed by developmental frameworks (Zeidler et al.

2005), instruction is aimed both at facilitating scientific reasoning and sociocultural

development. To this end, it is important to note that there exist numerous well-docu-

mented cases where higher levels of reasoning have been induced by carefully crafted

educational interventions. For example, principled moral reasoning has been advanced by

Cummings, Maddux, Richmond and Cladianos (2010), who found that both hypothetical

and real-life dilemmas significantly increased the degree of preservice teachers’ post-

conventional (higher level) moral reasoning [measured by the defining issues test (DIT)]. It

is noteworthy that the gains found immediately after the intervention were still present

when a delayed posttest was administered 5 weeks later suggesting that deep structural

shifts occurred in pre-service teachers’ reasoning. Interestingly, higher postconventional

reasoning scores (as measured by the DIT) are also found to have significant correlations

with reflective judgment and other higher-order cognitive-related measures predicted by

Cognitive Schema Theory (Narvaez and Bock 2002). It is also interesting to note that

previous research has revealed that teachers with higher moral reasoning levels tended to

view their roles in the classroom to be more facilitative, while those with lower levels

viewed their part to be more authoritarian and rule-bound and attempted to gain student

compliance by leveraging authority over the students (MacCullum 1993). Moreover,

teachers with more sophisticated moral reasoning levels emphasized the importance of

student responsibility and balancing their classroom management needs with the rights and

needs of the students (Cartwright and Simpson 2001).

In another study where SSI was employed as a unifying framework over the course of

an academic year in an anatomy and physiology course, students showed significant gains

in epistemological development (Zeidler et al. 2009). Sociomoral discourse, argumentation

and debate were essential elements that transformed what was previously and arguably a

conventional method of instruction embedded in scientism to that of pedagogy aligned
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with progressive sociocultural views of science education. In this research, measures of

reflective judgment were used to measure epistemological growth. Equally importantly,

reflective judgment has been used as a valid and reliable indicator of epistemological

development and is also associated with robust understandings of the NOS, more nuanced

views of ethical issues, and the sociocultural skills needed for the formation of character,

all of which may be found to reside in SSI-based classrooms (Fowler et al. 2009).

More recently, researchers in SSI have advanced the conceptual construct socioscientific

reasoning (SSR) that helps to connect scientific reasoning to sociocultural contexts (Zei-

dler and Sadler 2011). The utility for research and practice and the potential it offers for us

to re-conceptualize STEM research and pedagogy is powerful. SSR potentially allows for

robust epistemological reasoning abilities when confronted with SSI and encompasses four

general features: (1) Complexity (2) Perspectives (3) Inquiry and, (4) Skepticism. We have

suggested that SSR transcends the contextual nature of SSI insofar as the model is con-

structed upon a foundation of practical human attitudes/habits of mind that provides our

students with the means to construct and evaluate their own thinking along common

denominators. The assumption here is that the greater epistemological sophistication along

these dimensions, the better students can apply their thinking to varied contextual matters

across discipline boundaries and cultures. While the content or contexts of what students

reason about varies across different subject areas and even different cultures, the kinds of

SSR structures evoked, reflecting foundational habits of mind, remain essentially consis-

tent. Support for this claim was found in an international cross-cultural study that examined

students’ epistemological patterns of reasoning about SSI (Zeidler, Herman, Ruzek, Linder

and Lin 2013). Students from Jamaica, South Africa, Sweden, Taiwan and the USA were

all well represented in five major qualitative categories of reasoning consisting of: (1)

Fairness; (2) Pragmatism; (3) Emotive Reasoning; (4) Utility; and (5) Theological Issues.

Moreover, there were no discernible differences in terms of how students from these

countries presented their views in multiple sub-categories of each of the five major cate-

gories. It appears that students displayed a high degree of epistemological congruence with

respect to how they framed their reasoning on the SSI under consideration (allocation of

scarce medical resources) as well as their justifications for their scientific and sociocultural

epistemological beliefs. The findings add support to the claim that there are common

underlying elements of epistemological beliefs (Zeidler et al. 2009) that cut across (or

possibly transcend) social groups in terms of how individuals frame, justify and success-

fully negotiate SSI.

The applicability of subsuming STEM-related issues is also found in Lee et al. (2013).

Building on a conceptual framework from previous research (Lee et al. 2012), these

researchers have used interdisciplinary topics connected to STEM (e.g., genetic modifi-

cation technology) and embedded them in an SSI framework with an explicit focus on

developing character and values as global citizens. In the 2012 study with middle school

students, three main elements of character (operationalized within the report) were

emphasized: ecological worldview, social and moral compassion, and socioscientific

accountability. Students received integrated instruction that combined both SSI instruction

and regular science instruction, while homework assignments were aimed at encouraging

self-reflection on the SSI issues. A Likert Scale produced a seven-factor model explaining

64.8 % of the total variance and included: (1) Inter-connectedness and (2) Sustainable

development, both forming the Ecological Worldview Construct; (3) Moral and ethical

sensitivity, (4) Perspective-taking and (5) Empathic concern, both comprising Social and

Moral Compassion construct; and, (6) Feeling of Responsibility and (7) Willingness to act,

both forming the Socioscientific Accountability construct. Among these three main
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constructs, significant differences were found for students’ pre to post test scores on the

Social and Moral Compassion construct indicating that the SSI program had a moderately

large impact on the extent to which students became more sensitive and showed more

compassion toward diverse cultures that may be affected by advances in technology.

Significant differences were also shown for students on the Socioscientific Accountability

construct with a moderately large effect size representing a positive result for the degree to

which they felt a sense of responsibility in terms of helping to mitigate SSI issues. While

more research for different durations, grades and contexts await further results, it is edu-

cationally significant that empathy and perspective-taking can be found to be enhanced

through SSI-based pedagogy, as those constructs are primal influences in the formation of

community and moral education (Green 1999).

Because of the limiting nature of contextualizing science from a STEM-only perspec-

tive, students’ potential to employ SSR would tend to be inherently restricted because the

capacity to exercise deeper epistemological sophistication need not be challenged. Hence,

students below some minimum threshold of epistemological sophistication are less likely

to assume certain multiperspectival orientations, and will also likely restrict their SSI

decision making to the facts and consequences immediately apprehensible. However, the

further one is pressed toward sociocultural perspectives of learning science embedded in

issues of morality and ethics, the greater the requirement that necessitates more inclusive

and global perspectives of scientific thought. In this case, students’ epistemological

sophistication moves beyond that of a certain qualitative threshold, allowing students to

better facilitate and reach conscionable orientations across contexts, and more holistically

engage in SSI decisions that extend beyond both the data provided and the foreseeable

immediate consequences. Such individuals are better equipped to take the long view of

moral consequences. The assumption here is that the more robust epistemological erudition

of SSR, the better students can tap those skills applying them to varied contextual matters

across disciplines and cultural boundaries. In doing so, students would not only have the

opportunity to tackle aspects of STEM as it is found integrated within their culture, but

they would also benefit from the opportunity to develop the kinds of habits of mind that

lead to the crafting of character and conscientious moral judgments (Zeidler, Berkowitz

and Bennett 2014). Figure 2 below depicts the significance of interaction between epis-

temological sophistication and SSR (Zeidler et al. 2013).

While it is the case, from a developmental perspective, that a child may enter our

classrooms at different places along the continuum, the threshold model is at once a

conceptual psychology model suggesting necessary but not sufficient criteria to evoke

fruitful SSR, as well as a developmental model of pedagogy that obligates the teacher,

concerned about nurturing scientific identity bound up in character, to tap into that

potential wherever it may be found along the continuum, and supply the activation energy

needed to ensure its development through reflexive thinking. If desirable habits of mind

are formed such that the child becomes predisposed toward life-long engagement with

science in sociopolitical contexts, possesses the capacity to scrutinize their own decisions

and evaluate their merit, then there is no good reason why that child would comfortably

reside on some plateau; the process could, in theory, be repeated with fuller depth and

breadth of integration among higher order reasoning. The importance of students’ per-

sonal epistemologies is recognized as a critical trend in science education sociocultural

research (Yang and Tsai 2012). Additional research in this area may help to further

deconstruct STEM silos and help bridge the artificial chasm between the quadrivium and

the trivium.
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Conclusion

The ability to apply SSR in intellectually honest ways would be a model case of functional

scientific literacy in action. Sadler (2009) has emphasized the importance of a humanistic

conception of situated learning in science education. He argues that the idea of situated

learning is not a ‘‘backdrop’’ where we go about the business of teaching science; rather it

is central to the learning process itself and positioned as central goal of science education

(Sadler 2011). Other international scholars in science education such as Ratcliffe and

Grace (2003) and Roberts 2007 are also concerned with the preparation of informed

citizens who can participate in democratic discourse using evidence-based decisions

concur. While research into how scientific conceptual understanding through SSI and SSR

has been promising (Klosterman and Sadler 2010) more studies in how to better capture

STEM education and contextualize it in personally and socially relevant ways to advance

scientific understanding should also be a focus for future research.

The difference between the educational cost of implementing STEM, in and of itself as

an inherently deficit model, and the integration of STEM in a holistic sociocultural model

is staggering, not because of any monetary challenges, but because not doing so is destined

to produce another generation of uninvolved, unengaged and uninformed citizens. Using

current SSI research as a one sociocultural metric, reconceptualizing STEM research to be

inclusive of those fundamental human characteristics embedded in SSI research over the

next decade, will, more likely lead to a value-added model of surplus. The ‘‘extras’’ are

realized by increased student engagement, development of more sophisticated modes of

reasoning, more robust epistemological understandings of the NOS, as well as the nor-

mation of character within scientific traditions. Research in effective STEM initiatives

ought to uproot its inherently restrictive silos and branch out into sociocultural and so-

cioscientific venues of theory and practice.
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Epistemological Sophistication

-One’s epistemological 
orientation context
independent; scope 
widened to multi-
perspectival and holistic 
utilitarianism ( e.g. for 
the good of the whole).

-SSI justification 
considers “intangibles” 
(e.g. distal, delayed and 
abstract reasons).

-One’s epistemological 
orientation subject to 
context; scope limited 
to localized issues (e.g. 
individual fairness, 
pragmatism or 
empathy).

-SSI justification based 
on “tangibles” (e.g.
proximal, immediate 
and concrete reasons).

Fig. 2 Threshold model of the interaction between epistemological sophistication and socioscientific
reasoning
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Abstract Building on the key ideas from Dana Zeidler’s paper I expand the conversation

from the standpoint that the challenges facing humanity and the capacity of Earth to

support life suggest that changes in human lifestyles are a priority. Accordingly, there is an

urgent need to educate all humans about some of the science-related grand challenges, such

as global warming and wellness. The key is to enact programs that have relevance to all

citizens, irrespective of: age, location, language proficiency, economic resources, religion,

gender, sexual preference, and level of prior education. Since significant changes are

needed in human lifestyles the current emphasis on preK-12 science education needs to be

expanded to cover all humans and the places in which education occurs should be

everywhere. I explore the use of a multilogical framework to conceptualize science and

thereby transform science education in ways that better relate to priorities of wellness and

harmony in the ecosystems that sustain life on Earth. I illustrate the potential of multi-

logicality in a context of complementary medicine, using three frameworks: Jin Shin

Jyutsu, an ancient system of medicine; a diet to reduce inflammation; and iridology. Use of

a multilogical framework to conceptualize science provides opportunities for science

education to focus on education for literate citizenry (birth–death) and responsible action,

connect to the massive challenges of the present, and select content that has high relevance

to sustainability, wellness, and well-being at local, national, and global levels.
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Educational policies adopted in the United States have for many decades embraced indi-

vidualism, consumerism, capitalism, and an unambiguous higher value for human life over

other life forms, living things over nonliving things, and maintaining American values and

lifestyles over alternatives (Bai 2015). Before expanding on Zeidler’s analysis of an

excerpt from a presentation by Arne Duncan (Duncan 2009), I set a context with a recent

interview with President Obama and a publication in Science authored by William Rud-

diman, Erie Ellis, Jed Kaplan, and Dorian Fuller (2015).

‘‘I remember when I first went to college in Los Angeles in 1979, the air was so bad

that you couldn’t go running outside,’’ Obama said. ‘‘You’d have air quality alerts,

and people who had respiratory problems or were vulnerable had to stay inside. We

took action, and the air’s a lot better.’’

‘‘There are a whole host of public health impacts that are going to hit home, so we’ve

got to do better in protecting vulnerable Americans,’’ Obama continued. ‘‘Ultimately,

though, all of our families are going to be vulnerable. You can’t cordon yourself off

from air or climate.’’

(Ben Tinker, CNN Website, April 8, 2015).

The comments by President Obama are indicative of genuine concern. His historical view

of air pollution in Los Angeles is that 35 years ago it was so unhealthy it was unsafe to go

outside and, due to local action, things improved and the differences were manifest. Having

made a pitch for local action President Obama acknowledges that public health will be

impacted to the extent that ‘‘all of our families are going to be vulnerable.’’ This

acknowledgment is a concern because the voice is that of the President of the United

States. He goes on to remark that; ‘‘you can’t cordon yourself off from air or climate.’’

Whereas it is pleasing to see the President highlight the importance of addressing

inequality and climate change, it seems as if much more is needed than local efforts.

Obviously, local efforts are important, and so too is educating the public about the

necessity for a global effort to address these problems and more. The magnitude of the

problem and the urgency of getting solutions were emphasized by Jeffrey Sachs (2015),

who stated, ‘‘In short, the world has climate solutions. What it lacks is the time for further

delay’’ (Loc 7289). Sachs emphasized that climate change was not the only element of

environmental harmony that needed to be addressed. In addition to climate change he made

mention of a staggering array of intertwined challenges including, poverty, overpopulation,

mass extinctions, exploitation of the oceans, urbanization, and social mobility. There is

much to be done and it is clear that solutions need to be global rather than local (only).

Science education for everyone

Ruddiman, Ellis, Kaplan, and Fuller (2015) note that humans have altered the Earth to such

an extent that there is a strong case to define a new geological epoch—Anthropocene.

Among the environmental changes the authors list are: built environment; conversions of
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grasslands and forests to agriculture; algal blooms; and smog and siltation of dams and

estuaries. Less obvious problems also were listed. These include increases in atmospheric

ozone, carbon dioxide, and methane and increasing acidity of the oceans. Although there is

disagreement on when to start the epoch—at the start of the industrial revolution, the

explosion of the first nuclear bomb, or several thousand years before—there is strong

agreement about humans’ grave impact on mass extinctions. Humans have left their mark

on the planet and only time will tell if their own extinction is already inscribed. Given the

pervasive impacts of humanity on all facets of the Earth—the priority for educating the

public about the impacts of humans and associated implications for a sustainable future

appear never to have been higher. What needs to change about humans is not so much

whether they vote for particular politicians based on their science-related policies, but their

lifestyles. The human impacts described by Ruddiman and his colleagues reflect the

cumulative effects of human lifestyles. Humans need to radically alter their ways of living

their lives now.

For years science educators and policymakers have been lamenting the deplorable state

of science education. Thousands of reports have documented a plethora of shortcomings,

especially in the US where international comparisons show that the gaps between science

achievement in the US and many other countries are persisting. Although the myriad

reports, often based on high-stakes, paper and pencil style tests, might not be based on

valid measures of understanding science, there is a tendency to accept the evidence that for

many students science learning is not at appropriate levels. The policy response is to call a

committee together to do a review and make recommendations, usually for the reform of

preK-12 curricula. Efforts at remediation are directed mainly at preK-12 schooling. If

decades of testing have any legitimacy, then the implications for the US population may be

profound. To what extent is the US population scientifically literate? Do citizens possess

the knowledge to function locally and globally in appropriate and responsible ways to build

and sustain wellness and well-being of the planet? Furthermore, in light of research on

climate change and global warming, are US and global citizens able to collaborate to

restore disharmonies that have been created by human lifestyles?

While acknowledging the importance of assessment, my position is that it must take

account of the immanent critique, that no matter how extensive and intensive the efforts of

assessors, any endeavor to assess what is known will fall short of that mission. Instead of

placing primacy on assessment and associated systems of accountability, I advocate for the

design and immediate use of a system that acknowledges an epistemology of ‘‘knowledge

as enactment,’’ embodied, and transcendent. Windows into what is known can be found in

the fleeting singularity of enactment, realizing that enactment is multimodal and extends

beyond what can be spoken, written, and observed. Simply put, too much happens in the

moment for any collective to take note of all that is available to be noticed.

In this paper I use a vertical bar (|) to show a dialectical relationship between the two

constructs either side of the bar. In this case, agency and passivity coexist as part of a

whole, with each presupposing the existence of the other. Changes in agency are associated

with changes in passivity and vice versa.

To be aware it is necessary for an individual to be tuned into notice the particulars of

enactment. Consistent with an agency|passivity relationship (Roth 2007), an actor might

notice whether particular practices he/she was looking for occurred and he/she might

notice things that happened that were not on the list of what was to be observed. During a

selected interval of time much more happened (i.e., much more was known) than was

noticed and even more happened that could not be noticed because the observer’s antennae

were not tuned in to detect everything that happened. Accordingly, systems built around
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assessments, such as those that hold individuals accountable for scores obtained from

assessments, efforts to align the curriculum based on what can and will be assessed, and

policy frameworks that orientate STEM to the improvement of assessment scores are

potentially hegemonic and highly questionable. New foci are needed for the development

of curricula, accountability, and policy formulations.

Now, consider some text from Secretary Arne Duncan’s speech (Duncan 2009),

excerpted by Zeidler.

To move this work forward we need to build new curricula and use extended time to

make science more interesting and relevant…We need all of our citizens to think

about ways to increase fuel economy standards for cars and trucks so they will get

better mileage and reduce the nation’s dependency on fossil fuels…And we need

teachers who have the deep content knowledge of the STEM fields and the passion

for teaching our children to prepare them to be the next generation of engineers,

scientists, mathematicians, and leaders for technological innovation. (Duncan 2009)

For the purposes of expanding dialogue in this Forum, I identify four issues from the

excerpt reviewed by Zeidler: design new curricula to make science interesting and

relevant; reduce dependence on fossil fuels; educate and recruit teachers with deep

knowledge of STEM and passion for teaching; and produce a new generation of engineers,

scientists, mathematicians and technological innovators.

Science curricula that include foci on interest and relevance

A declared interest in expanding the foci of science curricula to include student interests

and relevance have the appearance of being the right thing to do at the right time. However,

a look at the history of science education, together with a global view, suggest there is

nothing new in what Secretary Duncan is proposing. In fact, as I pointed out elsewhere

(Tobin 2011), similar recommendations usually find their way into calls for the reform of

science education. However, what is most valued when it comes to science education and

what is included in the reform documents? For the most part the comparative value

assigned to promoting interests and making the curriculum relevant to real life experience

has low value compared to learning science content and doing well on mandated

achievement tests.

There seems little doubt that changes in science curriculum are scarcely changed in

relation to the growth of science. Not only has the content taught in science courses

remained much the same, but so too have the approaches used to teach science. As Hurd

(1998) famously noted, repeated calls for reform, formulated by official high-level task

forces bore an uncanny resemblance to one another and did not catalyze reform. Instead,

the status quo seems to have been sustained by political forces that may be scaffolded by

business models grounded in neoliberalism (Carter 2010). Curricula across the spectrum of

pre-K through college are contested projects and despite the career long endeavors of

highly talented science educators, across numerous generations, the status quo seems to be

maintained. Consider the possibility of putting greater effort into providing all citizens

with a science education in institutions that have not traditionally been a focus for science

educators and science education.

I argue that interest and relevance are necessary, but by no means sufficient criteria for

curriculum selection. Rather than being perceived as a knowledge system that is imper-

sonal/detached, irrelevant, and removed from the social lives of the global community, it is

important that science is unmasked to show its central human elements. Instead of being

30 K. Tobin

123



considered a monolithic discourse, science might be viewed in relation to overarching

goals such as sustainability, harmony, and restoration. The connection should not only be

to humanity (or Americans) but also to all living things and complex, interactive webs that

sustain the well-being of the universe. Attention needs to be turned to reversing the

breaches of stability in ecosystems and related problems, including mass extinctions, cli-

mate change, and privileging of human lifestyles within frameworks that reify capitalism,

neoliberalism, and competition.

Hegemony is a powerful construct that addresses a disadvantaged subgroup recognizing

their disadvantage but regarding it as a normal condition of social life. Accepting meri-

tocracy as a response to the experienced disadvantage is to acknowledge personal

responsibility for success. Also, accepting disadvantage can serve as a deterrent to change

when those identified as possessing deficits accept them instead of advocating for them-

selves in terms of what they can and do contribute to society. If STEM is seen mainly in

terms of preK-12 education and is focused on preparing the next generation of engineers,

scientists, engineers and technologists then the key question that can be asked concerns the

possibility of disadvantages to society in global terms. Beyond society, it also makes sense

to ask questions about the wellbeing of the planet vis-à-vis the practices of humanity. Is

there a case for changing human activity in ways that build, maintain, and restore

ecosystems to sustain the planet and preserve its well-being?

Educating all citizens to be literate in science as it relates to global warming

Secretary Duncan switches focus from K-12 education to education for all citizens. In so

doing he addresses two aspects of President Obama’s policy platform—to reduce US

dependence on foreign energy resources and their dependence on fossil fuels. As scholars

such as Sachs (2015) have noted, these and many more priorities are among the grand

challenges humanity must face now if the problems of global warming are to be met in a

satisfactory way. Since Secretary Duncan’s speech, six years have passed and the urgency

for educating the public on these issues, and more, is even stronger than it was. Impor-

tantly, science education needs to go far beyond heightening awareness and creating

political infrastructure. There is need for a change in lifestyles so that human actions do not

exacerbate problems. Furthermore, changes need to be global. Although local action is

necessary for global change, it is essential that massive human population centers (e.g.,

China, India) also receive adequate effective science education and change human life-

styles now. The time for global change is now and the necessity for science education and

science educators to change direction has never been stronger—changing global lifestyles

for all humans is a priority for immediate action.

Science teaching

Zeidler raises a question of knowledge of STEM and whether it is feasible for science

teachers to have a working understanding of all STEM fields. How would it be possible?

Why would it be desirable? In my case, I begin teaching with a weak background in

science—and yet in many respects I regard my initial years of science teaching as my most

successful. I taught grades 8–10 in what was a ‘‘science for all’’ general science course that

extended across all three grade levels. The course consisted of 4-week modules focusing on

different topics within the areas of chemistry, physics, biology, and geology. What was

most important to me was understanding the subject matter I was to teach and how to teach

it.
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During the decade in which I taught high school science and mathematics I completed a

bachelor’s degree with a double major in physics and mathematics and a graduate degree in

physics. The focus was sharply on physics and mathematics, with only one supporting

course in chemistry and no biology or earth science. Importantly, I felt that I had the

resources to study and learn any area of science I needed to know. I was confident I could

access textbooks and journals, attend seminars, and engage in dialogues with scientists. As

well as physics, I taught biology, chemistry, and computer science courses at senior high

school levels. Although I readily acknowledge my graduate-level studies of physics were

narrow, I was successful in graduate-level studies in ecology and astronomy (graduate

courses for science majors) when I undertook a doctoral program in science education. I

contend that teachers can and will access resources to be prepared to teach assigned

courses. As readers who have taught will attest, there’s no better way to learn a discipline

than to teach it. Learning in a discipline is ongoing and continuous and it is not helpful to

think of subject matter knowledge in a dichotomous fashion of qualified or not qualified to

teach.

Secretary Duncan’s enthusiasm for educating and recruiting teachers who can teach

science with passion is highly commendable. No doubt such a mission can be successful.

However, turnover of teachers, especially in urban schools, is one of the greatest policy

crises we face at the present time (Ingersoll 2001). There are critical problems associated

with the economic costs of educating science teachers who leave the profession within the

first few years of teaching. Simply put, science teaching, especially in urban schools, is

hard work, especially given the context of assessment driven curricula and accountability

systems. It would not be at all surprising to find that teachers who come to schools with

passion to teach science lose passion quickly and either leave the job or stay on with

feelings of resentment about constraints that prevent them from doing meaningful work in

times of crisis.

A new generation of engineers, scientists, mathematicians and technological
innovators

There is no dispute with the goal of educating the next generation of engineers, scientists,

mathematicians, and technological innovators. The preK-12 school system needs to

accomplish that goal not only nationally but also globally. However, there are other

pressing goals for preK-12 schooling and beyond. It should be recognized that only a small

fraction of the total population will want or need to become engineers, scientists, math-

ematicians, and technologists. In contrast, all will be citizens of the world and their

lifestyles will directly involve science, and impact one another and the Earth. To sustain

the Earth and ecosystems that involve humans, humans must change lifestyles to build,

sustain, and restore harmony. To afford this process, science educators need to implement

science for citizenry programs everywhere, targeting all humans on the birth through death

continuum at every moment.

Science educators can expect pushback when they seek to expand conceptualizations of

the nature of science to incorporate socioscientific issues and knowledge systems that have

been excluded from science, possibly based on deficit laden judgments. For example,

knowledge systems such as acupuncture are often dismissed as non-scientific because, in a

comparison with Western medicine, they fall short. The criteria for dismissal revolve

around what they do not do as well as Western Medicine—not what they do as well or even

better. Rejection of an entire knowledge system leads to marginalization and eventually a

loss of empirically validated practices (i.e., practices that work). Adherence to
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dichotomous ways of thinking that employ all or nothing comparisons, and rejection of

entire knowledge systems, reflect scientism as an ideology and acceptance of some of the

tenets of crypto-positivism (Kincheloe and Tobin 2009), such as reductionism and

monosemia. Incorporating more of what works might pave the way forward in addressing

thorny questions about human lifestyles, sustainability, restorative practices, wellness, and

well-being.

Re-visioning science education

Sociocultural perspectives on learning

A direct consequence of considering learning as cultural enactment is that all pro-

duction (here theorized as reproduction|transformation) is considered learning (Sewell

2005). Accordingly, science education (i.e., production) can occur everywhere and at

every moment. As individuals go about their lives they continuously learn from their

experiences, including interactions with others and social artifacts in their lifeworlds.

Are there parts of this vast reservoir of accumulated knowledge that are science like?

From a sociocultural perspective there are many ways of representing scientific

knowledge rather than being aware of and recalling science facts on demand. When

high value is given to performance on written tests of science knowledge an unintended

consequence is to focus enacted curricula on doing better on written tests—greatly

distorting school science and contributing to its lack of relevance to social life.

Arguably science curricula would be much different if an axiological imperative were

to enact science and social life in ways that sustain the planet and thereby enhance the

quality of life for all citizens.

If social fields are considered as Sewell (1999) suggested, as having weak or no

boundaries, then it is surely time to consider learning in more holistic ways, referenced

to lifeworlds, rather than a historical tendency to look within institutions (such as science

classrooms), tacitly assuming strong field boundaries that theorize learning as being

causally connected to what happens inside the institution (i.e., the science classroom).

Adopting a metaphor of magnetic, electric, and gravitational fields, considered as being

unbounded; it seems prudent to consider learning in terms of structures penetrating from

all fields associated with individuals’ lifeworlds. Adopting what Gene Fellner (2014)

referred to as a multilectical perspective, it is important to consider that individuals do

not check their lifeworld experiences at the door when they enter a classroom, for

example. Instead their minds and bodies continue to participate in many fields simul-

taneously, unless focused efforts are made to ‘‘be in the moment’’ and unattach to other

thoughts and associated emotions (i.e., to become and remain mindful; Powietrzynska,

Tobin, and Alexakos 2015). Hence, in looking at learning in a museum or a school it

seems essential to consider macro, meso, and microstructures from a plethora of fields

such as home, hobbies, religion, media, recreation, health, politics, and prevailing eco-

nomic circumstances.

In making this suggestion I am not implying that studies of learning in a museum or a

classroom are futile—just that what is learned needs to be carefully connected to the

ecosystems in which lives are lived. It goes without saying that what people can do in a

museum, i.e., their unfolding actions, derive from their histories of being in their life-

worlds. The art of researching learning is to open windows into salient fields and identify
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structures, such as narratives, that contribute to an expanding hermeneutic project that

frames doing research. It seems unlikely, and perhaps impossible, to engage in such a

project without accessing and learning from multiple voices and meaning systems. Nec-

essarily, what is learned is contingent, emergent, nuanced, and complex. Learning from

difference is at the core of such a project.

Collaborating to learn

One of the major challenges faced by humanity is effectively communicating with others

across social categories such as: gender, age, race, ethnicity, native language, religion,

social class, sexuality, and available economic capital. On any given day differences in

social labels are associated with myriad forms of violence on a global scale. There is an

imperative for all citizens to learn how to effectively communicate in dialogues that

involve participants who differ from one another starkly.

It is almost 20 years since Wolff-Michael Roth and I instigated coteaching and

cogenerative dialogue (i.e., cogen) as part of a program on learning to teach (Roth and

Tobin 2002). Since then hundreds of studies have examined aspects of cogen as a part of

science inquiry (i.e., dialogic inquiry). Cogen requires participants to respect and learn

from one another, and view difference as a resource for learning. The number of partici-

pants in cogen varies from two to an entire class. Selection of participants depends on the

purposes of the cogen, but usually conscious efforts are made to maximize the social

differences between participants. Individuals have to adapt their cultural resources to

communicate effectively and accomplish whatever the goals of the cogen happen to be.

The necessity to produce new culture and be adaptive to others is an extremely important

skill for success in an increasingly diverse world in which difference is so often a resource

for misunderstanding, conflict, anger, and even hatred fueled violence.

Radical listening is an important skill that is associated with learning with others (Tobin

2009). Radical listening has the goal of fully understanding others’ perspectives and their

affordances (Kincheloe 2015), and without arguing against them or comparing them with

alternatives. That is, listeners seek to suspend judgment as they focus on making sense and

realizing the affordances of another’s perspective. To practice radical listening is an

example of mindfulness, of being in the moment with focus on the train of others’ speech.

Whereas the immediate goal of radical listening is to make sense and fully explore pos-

sibilities of a particular perspective or set of perspectives, there comes a moment when

dialogue is necessary to clarify, seek elaboration, and expand the line of thinking that has

been laid out (i.e., to make that line even more productive). Subsequently, comparisons can

examine the relative advantages of what has been proposed with alternatives, with par-

ticipants in the dialogue being afforded respect, as their contributions also become foci for

radical listening.

Of course context is important and sometimes circumstances will warrant an inter-

ruption of a speaker. Whether to interrupt is a matter of practical wisdom, a judgment call

that action may be necessary. Right speech addresses a necessity for all participants in

dialogue to exercise moral judgment and speak out courageously when others’s speech and

actions are socially violent. If a listener is convinced that social injustices are present in

another’s speaking then there is a moral imperative for him/her to intervene to prevent

social violence.

Another aspect of collaborative learning is for peers to participate in coteaching (Tobin

and Llena 2011). Since coteaching can take many forms, it is possible to fully utilize

participants in a class so that they teach others, and thereby enhance their understandings

34 K. Tobin

123



of what they are teaching while teaching others (Tobin and Roth 2006). Participants might

coteach with peers, teach one or more peers as a solo teacher, and coteach with the official

class teacher—thereby serving as resources for peers who are seeking to learn. Symmet-

rically, learning environments can be established so that any person seeking help can

approach peers and/or the official class teacher to receive assistance with his/her learning.

Through the lenses of a teaching|learning relationship there are many possibilities for

thinking of collaborative teacher and learner roles.

The possibilities of multilogicality

Multilogicality (Kincheloe 2010) is an approach to research that employs multiple theo-

retical frameworks to reap the value of polysemia—that is, the value of social life being

characterized by multiple truths concerning what is happening and why it is happening.

When different theoretical frameworks are used to illuminate social life, we see different

things (Tobin 2008). Accordingly, distinctive questions can be raised and different solu-

tions, which reflect the questions asked, can be obtained. Theories included in a multi-

logical set are not considered as social truths as much as they are regarded as viable;

potentially useful in providing insights into social life and thereby opening up possibilities

for changing lifestyles.

Complementary medical fields

Consider healthcare in the United States, which is orientated toward an individual paying

for treatments to remedy problems that occur. Western medicine is elevated above other

knowledge systems that might also address health problems, for example that involve diet

and forms of self-help to maintain wellness and address health projects as they arise,

instead of ingesting pharmaceuticals to resolve or control illness when it occurs. What are

the strengths of different approaches to wellness? Instead of labeling alternative approa-

ches as quackery, as is frequently done with iridology (http://en.wikipedia.org/wiki/

Naturopathy), an agenda for science education might include studying the efficacy of

different knowledge systems, such as iridology (Jensen 1980), acupuncture (Kaptchuk

2000), inflammation quieting diets (Abscal 2011), and a plethora of Chinese medicines

(Kaptchuk 2000). In many cases knowledge systems such as these have traditions grounded

in other countries and are supported by the evidence of practice—rather than clinical trials

and case studies that Western medicine expects as part of a peer review legitimation

process. There is a tendency to evaluate alternative methodologies using tenets from

mainstream knowledge systems rather than the tenets of the system being evaluated. Such a

process can highlight shortcomings/deficits as perceived through mainstream lenses rather

than affordances that might not be visible from within the mainstream. For example,

treatments of diabetes 2, a major problem of Western life, are distinctive using different

knowledge systems. A question for science educators to ponder is whether alternative

knowledge systems can be used in an integrative and complementary fashion to resolve

some of the problems facing wellness and a medical system that is costly and somewhat

inaccessible. To what extent can science education prepare all citizens to know their

bodies, identify health projects as they arise, and focus on regular interventions to avoid

breakdowns in wellness?
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Benefiting from a multilogical approach to wellness: a personal narrative

I developed chronic injuries through overuse and misuse of my leg muscles in sporting

activities. Basically, the muscle systems from both knees down became tight, even when I

was walking, producing stress on the Achilles tendons and eventually micro tears occurred

in both tendons. This injury made it virtually impossible to walk at a reasonable pace for

any length of time. Over more than two decades I sought treatment from a variety of

medical practitioners and massage therapists. To no avail, the injuries remained chronic.

Most medical practitioners I approached suggested I avoid activities that created the pain in

both Achilles tendons—walking! In 2012 I obtained treatment from a doctor who spe-

cialized in treating professional athletes. He performed platelet injection therapy on the

worst of my Achilles tendons and after a couple of months he declared the treatment a

success. When I protested that the tendon seemed relatively unchanged he declared that he

‘‘would not further treat a healthy tendon.’’

I identified an acupuncturist who was confident she could repair both injured tendons and

associated problems that she traced over my entire body. The differences in the approaches

adopted by the sports specialist and the acupuncturist were striking. Essentially the sports

specialist was ‘‘hands off.’’ He extracted the platelets, injected the tendon, took some pictures,

and declared success based on his review of an MRI and a visual inspection. In contrast, the

acupuncturist listened carefully to my stories about my health, felt any areas I identified as

sore, and then placed needles based on her knowledge of the salient meridians and the flow of

Qi through them. She used her fingers to feel along flow lines and especially around

acupuncture points that she knew were related to my health projects. She felt for blockages

and when she found them she inserted and twisted the needles to release Qi. She electrically

stimulated the needles for approximately 1 h for each treatment. Within a treatment period of

once a week for about 6 months the Achilles and associated leg muscles were healthy and I

resumed playing active sports. Within a 2-year interval the acupuncturist took on, and helped

to heal, high blood pressure, a damaged coccyx, food allergies, and a variety of minor projects

that arose on a week-by-week basis (e.g., back and shoulder pain, body rashes, and stress

reduction).

Based on our research on emotion and wellness, undertaken in urban schools in New

York City, we became aware of potential health projects experienced by teachers and

students (Tobin, Alexakos, and Powietrzynska 2015). Accordingly, we designed inter-

ventions to increase mindfulness in science classes, including breathing meditation, and the

use of heuristics designed to heighten awareness of characteristics we thought would foster

science learning. Basically, we needed interventions to ameliorate excess emotions,

especially anger, fear, sorrow, and happiness. When excess emotions were prevalent,

learning environments often became dysfunctional and stayed that way for an entire class

period. Also, there was evidence that the stress of teaching and learning was catalyzing

poor health among teachers and students (Tobin and Llena 2014).

In a search of ways to ameliorate emotions, I considered reflexology and in the process

of learning about it I came across Jin Shin Jyutsu (JSJ; https://www.jsjinc.net), which I

considered to be ideal since it did not involve needles, removal of clothes, or pain

(Burmeister and Monte 1997). I decided to seek training in JSJ by the faculty from the

national headquarters. My first JSJ class was at the cancer center of the Morristown

Medical Center.1 Interestingly, a recent YouTube video shows a brief the vignette about

1 http://www.atlantichealth.org/simon/our?services/additional?resources/support?services/integrative?
medicine?programs.
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JSJ being used as a complementary medical practice at the Markey Cancer Center in

Kentucky.2 The inclusion of JSJ in major US hospitals is a sign of growing acceptance of

different medical systems as complementary.

I am now certified in JSJ and so is Konstantinos Alexakos, a science educator from my

university. Together we have collaborated on studies to show that JSJ touches and holds

are used in all facets of social life as individuals re-harmonize bodies that are disharmo-

nized by poor health or excess emotions. Also we have developed new meditation routines

involving sequences of JSJ holds (i.e., flows). Finally, we are developing toolkits that can

be taught to citizens, including prospective and practicing teachers, and people from a

variety of walks of life, who vary in age and lifestyles.

Any health problem can be treated with JSJ and people with wellness projects can use self-

help to administer many flows. I have been studying the treatment of a number of projects that

include emotional and physical symptoms such as diabetes 2, panic attacks, allergies, high

blood pressure, and muscular, ligament and walking dysfunctions. In Fig. 1 I am adminis-

tering JSJ to a co-researcher who has diabetes 2. Through JSJ we can diminish blood sugar by

approximately 35 % in a 1-h treatment. However, the complete treatment of diabetes 2

appears to need a change in lifestyle, especially diet. The Abscal diet (Abscal 2011), designed

to ‘‘quiet inflammation,’’ provides confidence that a person with diabetes 2 can control blood

sugar without the need for insulin and other medication. We regard JSJ and the Abscal diet as

complementary to Western medicine.

Since I came across JSJ I have been studying the knowledge system intensively, using

self-help on a daily basis, and receiving treatments in New York City from a person whom

I regard as extremely knowledgeable and a first rate practitioner. I view the treatments as

part of my continuous learning program—I learn at the elbow of a master practitioner who

also is a master teacher. The regular approach to JSJ is to identify disharmonies through

reading of the pulses prior to the treatment getting underway. During my first treatment I

was caught unaware by a multilogical approach used by my teacher—an approach that

began with iridology. He explained that it makes no sense to use just one methodology.

Within 15 min my teacher analyzed left and right eyes and began to teach me what to look

for and how to see through the lenses of iridology. My medical history, and I suspect its

future, rolled out before me. I was then directed to the massage table for a 1-h JSJ

treatment that involved multiple pulse readings and flows. Finally I was given JSJ self-help

as homework to be done every day and a diet to reduce inflammation. In this case at least

three knowledge systems comprised a multilogical system that was an alternative to

Western medicine (that regarded me as healthy).

This multilogical approach to medicine serves as an example of ways in which science

educators can expand the scope of what is included in science education. It seems useful

for individuals to be able to monitor their health proactively, and as problems arise, to

administer treatments to themselves and others. Teaching JSJ and complementary practices

such as the Abscal diet can help to address some of the big label health projects such as

diabetes 2 and obesity together with myriad ailments that arise daily—such as allergies,

tinnitus, stiff neck, sore hip, carpal tunnel, headache, hiccups, stress, blood pressure, and

palpitations. Similarly, teaching forms of meditation and other knowledge systems that can

be used to maintain wellness can be part of the roles of science educators.

2 See links at https://www.jsjinc.net/pagedetails.php?id=articles&ms=8.
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The time for change is now

Dateline May 22, 2015: Devastating flash floods in Sydney, Australia and three huge

masses (described as blobs) of hot water that are threatening marine ecosystems, and

contributing to drought conditions on the West coast of the US. Today’s news is unique in

its specifics but it is part of a familiar pattern. Extreme weather seems to be an everyday

affair nowadays and as a population we need to know more about the patterns, the phe-

nomena, and what roles humans have in the creation of the problems. More to the point, we

need to educate citizens about what they might do to restore conditions of harmony in a

complex maze of relationships that provide the foundation for stable ecosystems.

For science educators the time to change and expand roles as teachers and researchers is

now. Importantly it is essential to initiate new roles based on the needs of a global citizenry

when major issues need to be addressed. From climate change, to obesity, diabetes 2,

Alzheimer’s disease, and cancer, there are needs to educate citizenry at all times and in all

places so that they can change lifestyles proactively and avoid calamity. Educating the

citizenry to identify salient disharmonies and take actions to restore and maintain harmony

has the appeal of common sense—to act locally to resolve problems that threaten life, not

just at the local level, but also on a global scale. Use of a multilogical approach to

identifying projects to be addressed through teaching and research is a way to precede that

should not be encumbered by the actions of scientists, politicians, and colleagues. The time

for change is now.
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Abstract This article examines STEM learning as a cultural process with a focus on non-

dominant communities. Building on my work in funds of knowledge and mathematics

education, I present three vignettes to raise some questions around connections between in-

school and out-of-school mathematics. How do we define competence? How do task and

environment affect engagement? What is the role of affect, language, and cognition in

different settings? These vignettes serve to highlight the complexity of moving across

different domains of STEM practice—everyday life, school, and STEM disciplines. Based

on findings from occupational interviews I discuss characteristics of learning and engaging

in everyday practices and propose several areas for further research, including the nature of

everyday STEM practices, valorization of knowledge, language choice, and different forms

of engagement.
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Hence, while I think that some of the observations I make can probably be extended to

STEM learning research in general, some may be more specific to the discipline of

mathematics. In this article I first give some background motivation for my research

interest in learning as a cultural process and describe some of the theory behind my work,

in particular the concept of funds of knowledge. Then I use three vignettes grounded on my

research to illustrate some dilemmas I have encountered in looking at possible connections

between in-school and out-of school mathematics. In the final part of the article I present

some suggestions for next steps in research within this perspective of seeing learning as a

cultural process and the implications that this poses for research in mathematics education.

My dilemma around school and everyday mathematics

My entry into the world of mathematics education research was through my experi-

ences teaching mathematics content courses for prospective elementary teachers. In

particular, at the beginning of my career, I often taught a course centered on exploring

whole numbers and rational numbers. The students were predominantly female and

white, ages 19–21. According to their mathematical autobiographies, many of these

students had not had very good experiences as learners of mathematics in school, and

expressed some apprehension towards the subject. I started teaching using an approach

that emphasized students’ participation in meaning-making, through small group dis-

cussions of problem-solving tasks and moved away from a lecture-based approach.

While some students were visibly uncomfortable with an approach in which they had to

discuss mathematics with their peers, look at and for different approaches to problems,

and in general move away from a procedural, formulaic approach to doing mathe-

matics, others embraced this discussion-based approach as a liberation. This was the

case of Vicky, a prospective teacher who was older than the typical student in these

courses. Vicky had not attended college right after high school. She had raised a family

and then decided to pursue a college degree. My course was her first mathematics

course in 12 years. In her journal, Vicky wrote, ‘‘I had fun today. In fact, I found

myself looking forward to class… There is hope yet when I can legally use my

methods to solve a problem.’’

Vicky did indeed approach problems in non-formulaic ways, often trying to connect

them with her experiences in everyday life. I could see these connections playing a role in

her conceptual understanding of problems. One example was in a fairly typical word

problem: ‘‘If you need 1 1/3 cups of sugar and 4 cups of flour to bake a cake, how many

cups of sugar will you need if you want to use 7 cups of flour.’’ While most students used a

classic approach of setting up a proportion and ‘‘solving for x,’’ Vicky drew the cups of

sugar and flour and used her drawings to correctly reason how to adjust the recipe for a

different number of cups. Vicky often described her approach to problems as ‘‘a process of

elimination’’ by which she seemed to mean a guess and check type of process. Her ‘‘guess

and check’’ was grounded on a solid and concrete understanding of the problem. Yet she

did not seem to value her method as much as her peers’ use of algebraic methods. For

example, after she had successfully reasoned through how to find a base b for which

(204)b = (76)ten, she said to one on her peers, ‘‘if you can do it the algebra way and show

me. I just can’t. My problem is that I see the problem and I think back to doing it on the

table.’’ By ‘‘doing it on the table’’ Vicky was referring to visualizing the place value chart

and the trading chips we had been using in our work with different bases. Her peers had

tried, unsuccessfully, to solve the problem using algebra. One of them, perhaps recognizing
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the generalization aspect of an algebraic approach, asked Vicky ‘‘if you had like two, two,

four [meaning (224)b] would you have done it the same way?’’ to which Vicky replied that

she did not know and that ‘‘most of my math is a process of elimination.’’ To me, this

implies a possible tension between the power of generalization that is often attributed to

school mathematics (and in particular to algebra) and the more context-specific method

that one may use to solve everyday problems, an old and yet still recurring theme (Resnick

1987). That is, Vicky approached each problem with ‘‘this process of elimination’’ that

meant an approach adapted to the problem in hand. Hence, when one of her peers asked her

if she would have done it the same way for (224)b, Vicky’s reply that she did not know

makes sense because indeed (224)b may have called for a different approach from the one

she used for (204)b.

Algebraic approaches were generally privileged by the students in this course (as well as

by many others in my many years of teaching mathematics content courses for preservice

elementary teachers). I want to make clear, though, that this privileging did not mean that

students were necessarily proficient at using algebra or that they appreciated its power of

abstraction and the concept of generalization. It seems to be more the result of how algebra

is often portrayed in school mathematics. Students from as early as elementary school

know of the ‘‘powerful’’ presence of algebra. There is this sense of high status associated

with being good at algebra, as the case of Vicky and her peers illustrates. In this course it

was clear that these prospective teachers privileged school-looking methods over those that

were grounded on everyday approaches. Expressions used by students in this course and

others to describe their methods when they were not algebra or formula-based include,

‘‘working out the problems the long way [is] tedious and stupid’’, ‘‘[algebra] is a better way

to go about it than my prehistoric way.’’

Elsewhere (Civil 2002a), I give several examples to illustrate my dilemma between the

students who try to make sense out of mathematics by bringing in their everyday

knowledge and those who seem to view these two worlds (in-school and out-of-school) as

completely separate:

I became intrigued by the fact that the ‘more successful’ [students] were less likely to

make use of ‘informal’ methods, everyday type reasoning, and would rather use a

formula, algebra, school-like methods. The ‘less successful’ were often trying to

make sense of the problems, making connections to everyday life. (Civil 2002a,

p. 135)

By ‘‘more successful’’ I mean students who had had more success at playing the school

game by its rules. That is, these were students who, while they would not describe

themselves as being strong in mathematics, had managed to get through the required

courses and they had a clear sense of what it meant to do mathematics in school (Civil

1990). Some of these students seemed aware that they had to think more when using non-

formulaic methods, and recognized that they were using algebra by rote, through their

extended practice with similar problems in high school. But still, there was a shared sense

that these school-mathematics methods were to be preferred. These experiences with

prospective teachers, and in particular how they viewed each other as being more or less

knowledgeable about mathematics based on a valuing of school mathematics and a

devaluing of everyday mathematics became central to the shaping of my research agenda.

In the next section I briefly summarize some key ideas from situated cognition,

ethnomathematics, out-of-school mathematics, and valorization of knowledge that are part

of my theoretical framework.
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Some ideas from research on out-of-school mathematics

Studies on situated cognition (Brown, Collins and Duguid 1989) and on out-of-school

mathematics (Nunes, Schliemann and Carraher 1993) became key to the development of

my research agenda. In particular the notion that the context in which a task takes places

affects performance intrigued me, as I was seeing evidence of this happening in the

mathematics content courses for preservice elementary teachers. For me a question

became, ‘‘how can we build on students’ knowledge and experiences in everyday life, in

such a way that these become relevant and useful for the teaching and learning of school

mathematics?’’ But as I reflected on the preservice teachers’ comments on the different

approaches to solving problems and how they seemed to believe that the school-based

approaches were ‘‘better’’ than their everyday or informal approaches, I realized that I

needed something other than the concept of beliefs (which was my original framework) to

make sense of what I was noticing. An article by John Spradbery (1976) on the opposition

of a group of students towards an innovative approach to the learning of mathematics

brought up the issue of value and status to my attention. The innovative approach sought to

build on students’ out-of-school experiences with keeping and racing pigeons, as a way to

address their lack of success with traditional school mathematics. However, as Spradbery

writes,

Although the mathematician may regard certain aspects of pigeon-keeping (along

with many of the other daily activities of children) as being ‘mathematical’, such

knowledge appears to have little value or status in the classroom. For ‘Maths’ to be

‘Maths’ (or ‘proper Maths’, as a number of children described it) it has to be

separated from other everyday knowledge. (p. 237)

In my own work I have documented tensions along the lines of those alluded to by

Spradbery, as we tried to develop teaching innovations that built on students’ everyday,

out-of-school experiences but at the same time connected with the school mathematics that

students were expected to learn (Civil 2002b). As Guida de Abreu (1995, p. 119) writes,

‘‘although home and school mathematics could be characterized as distinct cultural

systems of representation it is not clear if someone who is exposed to different systems will

experience them as independent or as interdependent.’’ In that same article, Abreu explores

how children from a rural sugar cane farming community in Brazil view the relationship

between home mathematics and school mathematics and writes, ‘‘if we want to understand

why a child successful in out of school mathematics does not use his knowledge to inform

the solution of school problems, we might want to ask about the valorization of the two

practices’’ (p. 122).

The notion of valorization has since become a key construct in my research. Guida de

Abreu and Tony Cline (2007) write:

Valorization is a relational construct. The same practice can be valorized or deval-

orized, depending on its positioning in a web of social and historical relations, which

is relevant for the group or participant in a practice. Like currency, valorizations are

not fixed. At a particular point in time they can change, depending on the positioning

one takes on. (p. 121)

The concept of valorization of knowledge is particularly relevant when working with non-

dominant communities, as for example in my work with Latina/o parents and their

children. Immigrant parents who were schooled in their countries of origin are likely to

bring in approaches to doing mathematics that are different from the ones that their
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children are learning in schools in the US. While these parents may give high value to their

approaches (e.g., as being more efficient than the approach their children are learning, Civil

and Planas 2010), teachers may not necessarily embrace these ‘‘other’’ approaches, hence

placing children in a difficult position as they attempt to navigate different practices with

different valorizations depending on where they are (home/school).

Embedded in this discussion on valorization is the notion of different forms of math-

ematics, whether it is everyday mathematics (as in Abreu’s (1995) case, sugar cane

farming mathematics) and school mathematics; or even within school mathematics, dif-

ferent forms as in the case of immigrant parents and their school mathematics versus their

children’s current school mathematics. The notion of different forms of mathematics is

addressed by the concept of ethnomathematics, to which I turn next.

As Norma Presmeg (2007) discusses, there are multiple interpretations to the term

‘‘ethnomathematics.’’ My introduction to this term was through Ubiratan D’Ambrosio’s

(1985) definition, in which he defines ‘‘academic mathematics’’ as the ‘‘mathematics which

is taught and learned in the schools’’ (p. 45). He then writes:

In contrast to this we will call ethnomathematics the mathematics which is practised

among identifiable cultural groups, such as national-tribal societies, labor groups,

children of a certain age bracket, professional classes, and so on. Its identity depends

largely on focuses of interest, on motivation, and on certain codes and jargons which

do not belong to the realm of academic mathematics. (p. 45)

Although this definition is quite encompassing, most of my initial readings in this field

focused primarily on two kinds of studies: those documenting the mathematics in the

practices of specific indigenous groups, often in terms of a craft or artistic activity (e.g.,

Ascher 1991) and those documenting the mathematics in some occupations such as Wendy

Millroy’s (1992) study of carpenters or Joanna Masingila’s (1994) study of carpet layers.

These studies illustrate the use and presence of mathematics in a variety of settings and

thus move us away from mathematics as only happening in a school setting. However, I

think it is important to keep in mind Paul Dowling’s (1998) critique, particularly when

working with non-dominant communities. He writes, ‘‘to varying degrees, all of this work

[in ethnomathematics] succeeds in celebrating non-European cultural practices only by

describing them in European mathematical terms, that is by depriving them of their social

and cultural specificity’’ (p. 14). While Dowling seems to be referring mostly to the

ethnomathematics studies that look at the mathematical content in practices in ‘‘other’’

cultural settings (e.g., of non-European origin), I think that the same critique in his

statement can apply to all forms of mathematization of practices in general. That is, when

we take a practice and attempt to describe its mathematical content, which mathematics are

we imposing? Are we viewing the practice through a lens of academic mathematics? If

learning is a cultural process, what are the implications of depriving practices of ‘‘their

social and cultural specificity’’? What would it look like to view practices through a lens of

everyday mathematics?

What is everyday mathematics? That was the question that I faced when I moved away

from the initial readings in ethnomathematics (i.e., the practices of indigenous groups;

mathematics in specific occupations). While these contributed greatly to my thinking, what

seemed to be more elusive to me were the mathematical experiences that we may all

engage in as part of our everyday life. And understanding these everyday experiences is

what I needed in my local context of heterogeneous, non-dominant, borderland commu-

nities. Hence, the question I posed earlier, ‘‘how can we build on students’ knowledge and

experiences in everyday life, in such a way that these become relevant and useful for the
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teaching and learning of school mathematics?’’ This question was a key motivation for me

when I joined the Funds of Knowledge for Teaching (FKT) project that I describe next.

The concept of funds of knowledge forms the basis of the theoretical framework for the

work I discuss in this article.

The funds of knowledge for teaching project

I joined the FKT project shortly after my arrival to the University of Arizona. My first

experience was through a teacher-researcher study group, where teachers and university

researchers were discussing and analyzing findings from household visits with an eye on

developing learning modules that would build on these findings. Teachers followed an

ethnographic approach to the household visits supported by three detailed questionnaires

that covered family history and labor history; household activities; and parental attitude.

One of the teachers in the project writes, ‘‘ethnographic home visits are designed to

establish a relationship of mutual trust while eliciting personal narratives from members of

households’’ (Floyd Tenery 2005, p. 128).

At the center of this project was, of course, the concept of funds of knowledge. Luis

Moll, Cathy Amanti, Deborah Neff, and Norma González (2005, p. 72) write, ‘‘we use the

term funds of knowledge to refer to these historically accumulated and culturally developed

bodies of knowledge and skills essential for household or individual functioning and well-

being.’’

In summary, the primary goal of the FKT project was the development of teaching

innovations that built on the background, knowledge, and experiences (i.e., the funds of

knowledge) of students, their families and their community. As Luis Moll (1992)

describes, the FKT project is based on a sociocultural perspective on teaching and learning,

capitalizing on ‘‘how social practices and the use of cultural artifacts mediate thinking…
classrooms (or households) are always socially and culturally organized settings, artificial

creations, whose specific practices mediate the intellectual work children accomplish’’ (p.

21). For a detailed account of the FKT project, I refer the reader to Norma González, Luis

Moll and Cathy Amanti (2005). My focus in this article is on some of the implications that

I see for STEM learning research from a funds of knowledge point of view.

A funds of knowledge approach focuses our attention on the culturally situated

everyday practices. It is grounded on a dynamic view of culture as lived experiences: ‘‘the

focus is on ‘practice,’ that is, what it is that people do and what they say about what they

do. The processes of everyday life, in the forms of daily activities, emerge as important’’

(González 2008, p. 96). After the FKT project ended, we extended it to project Bridge

(Linking home and school: A bridge to the many faces of mathematics), which had an

explicit focus on mathematics. Given the focus on mathematics, I tried to uncover the

mathematics embedded in these everyday practices that we documented through the home

visits and occupational interviews we did. I certainly experienced Millroy’s (1992, p. 11)

paradox, ‘‘how can anyone who is schooled in conventional Western mathematics ‘see’

any form of mathematics other than that which resembles the conventional mathematics

with which she is familiar?’’ While, at least in my perception, the transformation of

household knowledge for literacy experiences in school seemed to have been relatively

unproblematic, the connection between household knowledge and school mathematics

seemed more elusive (González, Andrade, Civil and Moll 2001). For example, during one

study group session in project Bridge, in a discussion of the mathematics embedded in the

practice of sewing, one of the teachers asked, ‘‘if you have too much school mathematics,
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does it erase our practical mathematics?’’ As this teacher’s question reminds us (and my

experience with preservice elementary teachers corroborate), the connection between

school mathematics and out-of-school mathematics is not only missing, but it is almost as

if trying to make this connection may actually be to the detriment of one or the other.

So far in this article most of the discussion around funds of knowledge type projects has

focused on the connection between everyday practices and school teaching and learning, as

that was the primary goal of these projects, namely to transform the schooling experience

of non-dominant, marginalized students. That is, I was largely working on approaches to

school mathematics that built on, valued, and reflected the everyday mathematical prac-

tices of non-dominant students. But since STEM learning is a lifelong process and it is not

limited to formal settings such as schools, what are the implications of a funds of

knowledge approach for next steps in research that looks at this lifelong process in non-

dominant communities and its possible connections to STEM disciplines? To address this

question, I argue for the need to focus on the characteristics of engagement in everyday

practices (with an eye on mathematical practices). In the next section I present three

vignettes from my research in non-dominant communities to illustrate aspects of

engagement in a mathematical practice. The three vignettes move across both settings, in-

school and out-of-school. I use these vignettes to anchor a follow-up discussion around the

question of possible next steps for STEM learning research.

Three vignettes around in-school and out-of-school mathematics

Vignette 1: How do we define competence?

Elsewhere (Civil and Andrade 2002), we discuss the case of Alberto, a 10-year-old

Mexican boy who had moved to the US with his family less than a year before our home

visit took place. He was in a fifth grade bilingual classroom with a teacher who was part of

the FKT project. In class, Alberto alternated between being somewhat withdrawn to mildly

disruptive. In terms of academics, he appeared to struggle with some ‘‘basic’’ areas,

including arithmetic. The teacher was concerned that she was not having much success

reaching out to him. She decided that she needed to understand more about his background

and his family’s experiences and history, as a way to hopefully connect with him and

provide a more meaningful schooling experience. So she chose him as the student for her

funds of knowledge household visits and I accompanied her on her first visit. In that visit

with Alberto’s mother, we learned two key things that shed light on Alberto’s behavior and

performance in class. The first piece of information we learned was that Alberto was the

middle child (out of three boys), and he was the only one who did not want to move to the

US. So, while his brothers were happy with the move and were adjusting well, Alberto did

not want any part of this. The second item was that while in Mexico, Alberto helped with

the family business, a bakery. Every day, after school he went to the bakery, picked up the

different orders and delivered them to his set of costumers. According to his mother, he

handled everything involved in these transactions—taking in and delivering the orders and

keeping track of the money. Both Alberto and his mother expressed how much he enjoyed

being responsible for this group of customers.

By many indicators, Alberto was ‘‘at risk’’ of failing in school. He was in fifth grade,

hence getting ready to transition to middle school. He was an English language learner. He

was not doing well academically (by typical school measures). Yet, during the home visit

we saw a different image of Alberto. His mother spoke of him with pride, as she described
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him as a successful young boy who was clearly competent at commercial transactions and

responsible for more aspects of his family’s everyday life than probably fifth graders in

more economically privileged settings. Alberto’s case is just one of many throughout the

funds of knowledge work that illustrates the clear disconnect between how non-dominant

students are perceived in school and at home. At home, many of these children are

resourceful and creative problem-solvers, often responsible for contributing to the

household economy. In contrast, at school these same children are often cast in a passive

role and occupy the lower echelons in academic subjects (Civil and Andrade 2002). How is

competence attributed in everyday life? In school settings? In the STEM disciplinary

settings?

Vignette 2: How do task and environment affect engagement?

I met Julián when he was in fifth grade and followed him through sixth grade. He was

about a year older than the typical fifth grader, due in part to the many moves that he and

his family had experienced. By fifth grade he had attended five different schools (2 in

Mexico and 3 in the US). I would describe him as a serious student, attentive, and

inquisitive. In a problem-solving session in which the students were working in groups on

several problems, the teacher had written the following instructions ‘‘(1) demonstrate (how

you problem solve your word problem); (2) write an equation; (3) solve; (4) explain your

process.’’ One of the problems they had was, ‘‘This year Mark saved $420; last year he

only saved $60. How many times as much money did he save this year than last year?’’

I am aware of several issues with this task that one could raise from a mathematics

education point of view. For example, I am not sure what the teacher meant by the four

instructions she gave. What did she have in mind for ‘‘demonstrate’’ and for ‘‘explain your

process’’? Also, the problem itself is fairly typical of school word problems and is certainly

open to critique. But it is not my goal here to elaborate on these issues, since the point of

this vignette is to contrast in-school with out-of-school (or rather after-school) settings and

how those may influence how students act.

Julián was in a group with two other boys, Armando and Leo. Armando tended to be

‘‘off task’’ and would often say, ‘‘I’m lost’’ presumably as a way to get our attention and

come help him. Leo was very quiet and I hardly ever heard him say anything in all the

times I visited this classroom. Julián right away took the lead on the problem and decided

to solve is as a subtraction problem, even though Armando had suggested division. His

suggestion was ignored and Julián wrote 420 - 60 = 360 (in vertical form). Armando

then concluded that that was the answer and that they were done, Julián was concerned

about how to address the four steps in the teacher’s instructions:

Julián: I solved it but I didn’t demonstrate it… (reading step 3) solve it

Armando: But we already solved it

Julián: Yeah, we solved it right here (pointing to step 1 on their chart paper, the

subtraction) but how can we demonstrate it?

Armando: Just say that (and he points to step 1)

But Julián kept on looking at the instructions and at the chart paper, trying to figure out

how to address those instructions. As I mentioned earlier, it is not clear what the teacher

meant by ‘‘demonstrate’’ and I wonder what students thought about that instruction.

Throughout this episode, Julián did not seem to be really looking at the problem. He never

went back to see if the answer made sense, nor did he follow Armando’s suggestion when

he said ‘‘division.’’ One could argue that this choice of subtraction made sense in that it
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may have reflected more his experience when talking about comparing savings, as in ‘‘how

much more has one saved?’’ rather than ‘‘how many times as much?’’ But in any case, the

three boys never really engaged in talking about the problem and whether the answer

matched the question. Julián seemed primarily concerned with following the four steps that

the teacher had listed and did not question their meaning or their actual work on the

problem.

Julián was also part of an after-school project that we had at that same school. In this

after-school setting, we tried to build on students’ ideas and experiences, and do so in as

much of an ‘‘informal’’ setting as we could, given that we were after all in a school

building. An important aspect of the after-school setting was that it was bilingual and that

in fact the facilitators (undergraduate and graduate students, as well as post-doctoral fel-

lows and university faculty) encouraged the use of Spanish (and used it themselves) as a

way to counter the restrictive language policy in place in schools in Arizona. (In 2000

Arizona voters passed Proposition 203 (English for Children) which severely limits the

access to bilingual education for English Language Learners.)

One of the activities was to make a model of the after-school classroom. Julián and one

of the facilitators, a post-doctoral fellow with Spanish as his dominant language, had each

made their sketches and put some measurements in them. The facilitator was working with

another student and Julián casually looked over the facilitator’s sketch and inquired about a

measurement that was different from his. A conversation in Spanish followed in which

Julián challenged the facilitator’s drawing and said that he had the wrong measurements

for one of the sides: ‘‘yes [Julián takes the facilitator’s pen and starts drawing on the

facilitator’s sketch], from here to here [pointing at parts of the sketch and drawing a line], it

has to go till here, you didn’t draw it correctly; they have to be the same [he then starts

pointing to the walls in the classroom], look, they are the same.’’ Julián was confident

enough about his own measurements and sketch to point out that the facilitator’s sketch

was not correct. After this brief exchange, Julián went back to his sketch and continued

working on his scale drawing.

Different settings come with different norms and participants may follow these norms or

challenge them depending on many factors, including the type of setting (and the conse-

quences of not following the norms) and who the participants are (status and power issues).

In both activities, the word problem and the scale drawing, Julián was engaged and wanted

to do a ‘‘good job.’’ But the nature of the task and the environment seemed to lead to a

different form of engagement. I do not want to imply that the classroom setting always led

to a certain form of engagement and the after-school setting to a different form. In fact I

want to highlight the complexity of what it means to be a learner of mathematics across

different contexts. This complexity includes aspects such as the nature of the task, the

environment, and the participants involved. In the word problem task, I wonder, how

engaging did Julián find that word problem? Was it one more example of a typical school

task and hence, Julián focused his engagement on following the teacher’s instructions? Did

he enjoy the scale drawing task because it connected with his interest in drawing (as

reported in an interview)? What is the effect of an after-school environment where

facilitators often also participated in the activities, as one more member (as in this case

with the facilitator’s sketch)?

Vignette 3: What is the role of affect, language, and cognition in different settings?

In the last few years, I have been looking at interactions about mathematics between

parents and their children (e.g., Menéndez, Civil and Mariño 2009). Most of the
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interactions we analyze take place in the context of mathematics workshops for parents and

children held at schools. While the content is formal mathematics (in that we engage the

participants in fairly typical school mathematics content) and the workshops are in a setting

associated with formal learning (a school), there are several characteristics that remind us

of more informal, everyday learning sites: the workshops often take place in the school

library, in the evening; the interactions involve cross-age groups, parents and children, but

also across families since several of them know each other and interact outside the school

setting; while the content is school-based, the activities often involve games and puzzles;

finally, and most importantly for our context, the dominant language of the workshops is

Spanish, in clear contrast with the language of the school that is English.

In Menéndez et al. (2009) we argue that these workshops could be seen as creating a

third space (Gutiérrez, Baquedano-López and Tejeda 1999) where aspects of the school

practices and of the everyday practices come together in such a way that they may blur the

boundary that seems to exist between formal/informal or in-school/out-of-school. This may

be particularly worth studying for some non-dominant communities where the contrast

formal—informal appears to be more marked. For example, in our case, the language of

the home/community was Spanish, but the language of the school was English. Children

found themselves using both languages in the interactions in the workshops, as their

knowledge of mathematics was primarily attached to English. While during the regular

school day, parents who predominantly spoke Spanish might see themselves as outsiders of

the school community, in these evening sessions they became insiders since Spanish was

the dominant language. The collaboration patterns also reflected a blurring of power/

hierarchical positioning, with parents sometimes deferring to their children because they

felt they were more familiar with the mathematical content. Yet, children were sometimes

caught in their wanting to show respect towards their parents while at the same time

wanting to assert their knowledge of mathematics. For example, in a discussion of area and

perimeter using pentominoes (shapes made out of five squares), Dania (daughter) and

Sonia (her mother) had different answers for the perimeter of one of the pentominoes, the

5 9 1 rectangle. Dania had found 12 while Sonia (and Juanita, Dania’s friend and class-

mate) said that the perimeter was 4 (they were counting the number of sides instead of

finding the perimeter of a 5 9 1 rectangle, which is 12 units). The exchange went on for a

while, with Dania trying to explain to them why the perimeter was 12 units. Dania grew

more and more frustrated and turned to one of the researchers as if seeking support and

validation:

Dania (to the researcher): What I did, when she [referring to her mother] said ‘‘no,’’

was that I doubled this part; since there is five here [pointing to one of the sides of

length 5 in the 5x1 rectangle] and five here [pointing to the other side] and that

makes 10, and these ones [the other two sides of the rectangle] here are 12, and she

[her mother] told me that I was wrong.

Dania, who was always very respectful towards her mother, appeared uncomfortable

probably for at least two reasons. One was the fact that her mother and friend (Juanita)

were in disagreement with her (and Juanita and she were usually in agreement and overall

successful students in mathematics). The second was the fact that Juanita’s and Sonia’s

approach to finding the perimeter was in clash with what Dania knew and had learned in

class. She made statements such as, ‘‘why do we do it differently in class?’’ or ‘‘you got me

all confused because I learned it differently with the teacher.’’ This section highlights

several elements to take into account when looking at the interactions about mathematics

involving participants from non-dominant communities: affective elements (mother—child

50 M. Civil

123



relationship; doing mathematics with your parents), cognitive elements (formal/informal;

different levels of schooling with the children often having reached more formal schooling

than their parents), linguistic elements (e.g., children spoke both English and Spanish; their

mothers were primarily Spanish speakers). What role do these different elements

(affective, cognitive, linguistic) play in everyday mathematical practices? In school

mathematics?

Bringing the three vignettes together

The three vignettes involved children and adults from non-dominant communities. They all

highlight their engagement in mathematical practices. Alberto, although seen as under-

achieving in the school setting, was described by his mother as a very capable child who

contributed to the family finances through his successful participation in their bakery. Joan

Solomon (2003) points out that in order to understand how children may react to expe-

riences that try to bridge home and school, we need ‘‘to take into account who they are at

home, and who at school’’ (p. 229). Alberto was a resourceful and creative problem solver

at home, while at school he was viewed as a low-achiever and less competent. How do we

capitalize on the positive identities that children from non-dominant communities exhibit

in their home/community environment, in sharp contrast with the often negative identities

schools attribute to them?

Julián was a successful student by school standards and was also a very engaged

participant in the after-school setting. The contrasting behavior in the two tasks in his

vignette serves to remind us of the need to consider the context in which the practice takes

place. Although the mathematical demands in these two tasks were not particularly high

for a student like Julián, factors such as the setting (classroom vs. after-school), level of

interest (he appeared particularly interested in the scale drawing activity), and nature of

interactions (in the classroom vs. in the after-school setting) seemed to play a role in his

performance. The case of Julián brings to mind how children (and adults) may perceive

doing mathematics in different settings. How much of doing mathematics in school is

about following the teacher’s instructions? What does doing mathematics look like in a

setting where we all engage to work on the task (e.g., the facilitators too)? Do different

settings lead to different forms of mathematics? What role does valorization of knowledge

play here?

The third vignette gives a glimpse of what interactions among children and their parents

may look like when discussing school mathematics. Although the vignette can be inter-

preted from a formal/in-school point of view, there were several elements in these

workshops that are likely to have some resemblance to possible interactions in the home or

community. The affective element mother—child was very present, along the lines of what

Solomon (2003) describes in her account of parents-children interactions around science

activities in the home: ‘‘They made the investigation at least partly their own, which rarely

happens at school. They spoke easily with their parents and were encouraged, joked with,

scolded, or ignored in a manner that clearly seemed familiar to them’’ (p. 229). Another

important element present in Vignette 3 (as well as in Vignette 2 in the after-school setting)

is the role of the non-dominant community primary language. Elizabeth Mack et al. (2012)

powerfully argue for the importance of the use of Native language in their discussion of

informal science education programs in Native communities, ‘‘language is culture and

culture is language. Education should never take away Native language; it should promote

it’’ (p. 61). I argue that this same principle should apply to all groups of people, and in
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particular to non-dominant communities such as the ones in the three Vignettes, all

involving children (or their parents) who had emigrated from Mexico.

These three vignettes reinforce what Léonie Rennie, Elsa Feher, Lynn Dierking and

John Falk (2003) write:

Out-of-school learning is strongly socioculturally mediated, so research designs

need to offer opportunities to explore social and cultural mediating factors including

the role of conversations, social learning networks, cultural dimensions, and the use

of groups as well as individuals as the unit of analysis. (p. 115) (italics in original)

These authors add that much of the work with families has been in museums or other such

institutions, ‘‘with little work done on how families interact in science-related ways at

home’’ (p. 115). And I would add that we know even less about the everyday practices

around STEM with families from non-dominant communities. Much of what I have

described up to here is connected to the school setting. That is, I have illustrated aspects of

the interplay between in-school and out-of-school settings (e.g., forms of engagement,

valorization of knowledge, the role of languages, and so on). But what do we know about

the everyday practices of members of non-dominant communities and how may these

practices connect to those in STEM disciplines? This was a question that we had as we

worked with the funds of knowledge concept with a focus on mathematics. One approach

that we took to try to document these practices was through what we called occupational

interviews (Civil and Andrade 2002), as I discuss in the next section.

Occupational interviews

When I joined the FKT project and we started looking at this theoretical construct with a

focus on mathematics teaching and learning, it became apparent that we needed to get a

better understanding of mathematical practices in everyday life. This realization led us to

the idea of conducting what we called ‘‘occupational interviews.’’ I am aware that these

practices are tied to a specific occupation (e.g., welder, mechanic, seamstress), rather than

to more general activities that families may engage in their everyday lives. While the

mathematics content may relate to specific occupations rather than everyday activities, an

important aspect from these interviews is the narrative around the processes of learning and

engaging in these occupations. Later in this section, I illustrate relevant implications from

these processes for thinking about connections to STEM disciplines.

We interviewed (and in most cases also observed them at their practice) several adults,

all of whom were of Mexican origin, working-class, and had limited formal education. The

interviews conducted with a seamstress, a mechanic, a carpenter, a welder, and a con-

struction worker revealed a wealth of mathematically rich practices. But in order for us to

see the mathematics in these practices, we relied on the analysis that one of the researchers

conducted. This researcher had a strong mathematics and engineering background from a

formal point of view (i.e., university education), as well as a wealth of personal experience

with several of these occupations. He was thus able to make mathematical connections

between the two contexts, the domain of formal, academic mathematics and the domain of

the practices in the interviews.

But what if the only lens we can bring to the analysis is our formal, academic back-

ground in mathematics? Let’s recall the teacher I mentioned earlier who said, ‘‘if you have

too much school mathematics, does it erase our practical mathematics?’’ I wonder if this

was my case as I tried to make sense out of the mathematics embedded in a seamstress’
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practice (González, Andrade, Civil and Moll 2001). Whether it was my lack of knowledge

of the practice of sewing, or my formal mathematical background, or a combination of both

of these, I know that I had a difficult time seeing the mathematics in the practice (beyond

superficial features). As we discussed the activity of sewing with a group of teachers, one

of them, who was an experienced seamstress said, ‘‘you do not have to do math; you just

measure.’’ This teacher would often mention that as a student, she found the subject of

mathematics to be hard. Sewing, on the other hand, was easy to her. It is interesting to note

that she did not seem to see mathematics and sewing as having any connections and that

‘‘measuring’’ did not seem to be part of doing mathematics for her. For me (and maybe for

this teacher), the problem was more related to what I perceived as an illustration of

Millroy’s (1992) paradox I alluded to earlier, the difficulty in seeing mathematics in situ-

ations that did not look like what I had learned in a formal setting such as school. Thus my

question became, how can we ‘‘uncover’’ the mathematics in contexts in which we may

have no experience with or may look very different from our background in academic

mathematics? Although the individuals interviewed were confident about their knowledge

of the practice, they tended to dismiss this knowledge as if there was nothing to it, and in

some cases their reactions to their practice being mathematical reminded me of the teacher/

seamstress who did not think there was much mathematics (if any) in sewing. In her

discussion of why adult learners seek to learn mathematics in formal settings, Roseanne

Benn (1997) writes that their motivation is:

To gain access to the powerful and prestigious discourse of academic mathemat-

ics…. They are less interested in building on their own existing everyday mathe-

matical discourses which they feel are not valued in society…. Though able to solve

problems, if this is not expressed in the discourse of formal mathematics, it is not

valued. (p. 181)

Along similar lines, and adding a gender perspective, Mary Harris (1987) presents us with

very telling examples, including one in which she considers ‘‘the problem of lagging a

right-angled cylindrical pipe in a factory’’ (p. 28) and writes:

Why is it that this industrial problem is considered to be inherently mathematical

whereas the identical domestic problem, that of the design of the heel of a sock, is

not? Dare it be suggested that the reason is that the socks are traditionally knitted by

Granny—and nobody expects her to be mathematical. (p. 28)

What are the research implications as we seek to understand the connections between

learners’ everyday practices and STEM disciplines, particularly for those learners from

non-dominant communities (be it based on language, social class, race, ethnicity, gender,

etc.)? The learners themselves may not ‘‘see’’ these connections, as the occupational

interviews indicate, or they may not value what they do as being mathematical; or also,

others, including those from dominant communities, may not value it, as Benn (1997) and

Harris (1987) imply.

As I mentioned earlier, there are several accounts of mathematics embedded in prac-

tices. These accounts have often been carried out by researchers through ethnographic

fieldwork and not by those in the practice itself (e.g., Gerdes 1988). While these accounts

are important, particularly in that they can help redefine what counts as mathematics, who

does mathematics, and where mathematics is located, I still think that often these accounts

are kept separate from the ‘‘mainstream’’ research. For example, did any of the research

that looks at mathematics from a cultural point of view influence the development of the

Common Core State Standards for Mathematics (National Governors Association Center
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for Best Practices and Council of Chief State School Officers 2010)? Should it? If we

consider what John Falk and Lynn Dierking (2010) write about how most people spend less

than 5 percent of their life in formal learning environments (e.g., school), then maybe

whether formal education documents such as CCSS make any connections to the informal

learning opportunities that take place in 95 % of our life is not that important, because

formal learning is such a small part of a person’s life. Yet, when it comes to non-dominant

communities, does this 5 % seem to carry more weight, because the 95 % is often not

recognized or valued? In my analysis of a seamstress’ practice, I noted that to make the

pattern for a skirt she made a quarter of a circle in such a way that it showed the circle as

the locus of all points equidistant from a central point (González et al. 2001). Yet, this

seamstress did not have a course in formal geometry, nor did she talk about the circle in

these terms.

Similarly, in a project in which we were to develop mathematics materials to use with

parents, I tried (unsuccessfully) to engage the project team in considering an approach

grounded on funds of knowledge. To illustrate to the project staff what that may look like, I

drew on one of our occupational interviews with a construction worker who told the

interviewer that to make sure that the foundation for a house was a rectangle, they some-

times used the ‘‘rule of 12’’ to check that the angles are 90�. This means that they use a string

marked with 12 equidistant segments and they make a ‘‘3, 4, 5’’ right triangle to make sure

that the corners are right angles. As I shared this experience, one of the project members (a

mathematician) raised the question as to whether we wanted to reinforce these methods

from the past or help the parents understand the mathematics that their children are learning,

‘‘the mathematics of the new millennium,’’ as he said. (The ‘‘new millennium’’ is a refer-

ence to the timing of that project, as we had just entered a new millennium.)

Much of what I have discussed up to here focuses on the potentially different forms of

mathematics embedded in different contexts (e.g., everyday practices, the discipline of

mathematics, school mathematics) and on issues around valorization of these different

forms of knowledge. As I looked again at the occupational interviews we had conducted,

what struck me were the similarities across the different people interviewed in how they

talked about their occupation, how they had learned the practice, and how they would teach

it to others. Lynn Dierking, John Falk, Léoni Rennie, David Anderson and Kirsten El-

lenbogen (2003, p. 110) write in reference to learning in out-of-school settings, ‘‘learning is

both a process and a product, so we need to investigate the processes of learning as well as

the products of learning.’’ Indeed, if I focus on the processes of learning in these occu-

pational interviews, I note the following characteristics among those interviewed (Civil and

Andrade 2002):

• They learned through observation, by replicating samples, and by taking them apart

when possible.

• They learned by participation in the practice, through interaction with others.

• They took great pride in their work and showed a passion for what they did.

• They indicated desire and persistence as characteristics to becoming good at their

practice.

• They mentioned imagination (picturing the product) and communication (with their

customers) as factors in their learning of the practice.

• They noted the need to feel challenged as being important in their learning process, as

this quote from a seamstress shows (González, Civil, Andrade, and Fonseca 1997,

p. 14):
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The more complicated a dress is, the more I like it. If it’s easy, I don’t like it. I can

make a bride’s dress from one day to the next. Embroidered and all, I can have it

done from one day to the next. If it’s easy, I don’t like it. It’s like making gelatin. I

don’t make it because it’s very easy. So, if you want it, buy the gelatin or make it, but

I’m not going to make it…. But a more complicated dress is the one I like most…. I

want to see if I can really make it, I want to prove it to myself.

Several of these characteristics are reported in studies on learning by apprenticeship (e.g.,

Lave 1996) and by participation in a community of learners (e.g., Rogoff 1994). Elsewhere

(Civil 2007) I have described challenges and affordances in developing school

mathematics experiences that reflect the characteristics of apprenticeship learning in out-

of-school settings. Certainly more research in this direction is needed, in particular in

teasing out the differences and similarities between the nature of practices in STEM

disciplines and STEM-rich practices in the everyday life of non-dominant communities. I

elaborate on this point next by presenting several suggestions for further research.

Suggestions for next steps in STEM learning research

If we take learning as a cultural process, involving varied repertoires of practice across

learners’ everyday lives, what should STEM learning research focus on, particularly in

relation to how these everyday practices in non-dominant communities connect with

practices in STEM disciplines? This is certainly a complex question. We need more

research on the nature of these everyday practices (particularly in non-dominant com-

munities). I mean, the what, the where, the how, the with whom? As Carol Lee, Margaret

Beale Spencer, and Vinay Harpalani (2003) write:

Cultural Modeling calls on researchers and practitioners to examine the students’

everyday practices, in their families and peer social networks, directing their

attention toward processes of reasoning and habits of mind as well as toward naı̈ve

theories and misconceptions that may bear some relationship to a targeted set of

specific concepts and strategies in a subject-matter discipline. (p. 8)

We also need to understand better the role of valorization of knowledge particularly as it

applies to everyday practices versus practices in STEM disciplines. Terezinha Nunes

(1999, p. 38) writes, ‘‘it can be concluded that the street or workplace and school socialize

learners into different practices that are nevertheless mathematically equivalent, even if

they are psychologically and culturally distinct.’’ If we recall the example of the seamstress

making a circular skirt, or the example of knitting socks (Harris 1987), although these

practices may be found mathematically equivalent to practices in school mathematics,

what are the implications of the fact that they are ‘‘psychologically and culturally

distinct’’?

I think that our charge is to go beyond seeing how these everyday practices have

mathematics (or science or…) in them and look at the characteristics of engagement in

these practices and how those relate to engagement in practices in STEM disciplines. The

nature of engagement changes as we saw in vignette 1, in the case of Alberto (home vs.

school) or in vignette 2, in the case of Julián (in school and after school). In the occu-

pational interviews, we see the different individuals not only very engaged, but the way

they talk about their practice reflects knowledge, pride, enthusiasm, persistence and
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imagination. How do these characteristics compare to how STEM researchers may talk

about their practice?

We need to gain a better understanding of the participation structures, particularly in

non-dominant communities. Judit Moschkovich (1999) points out that we do not know

enough about the participation structures in the home cultures of Latino students in our

local contexts. Language is a key element of the participation structures. What lan-

guage(s) people choose to speak, when and how, should be taken into account as we try to

understand, for example, interactions around mathematics, as illustrated in Vignette 3. This

vignette also gives a very brief glimpse of what is another area for further research, namely

the potential of the concept of third space to examine the interplay between everyday

STEM practices in non-dominant communities and the practices in STEM disciplines.

Much of the research based on a third space is in connection with bridging out-of-school

and in-school ways of knowing and learning (particularly with non-dominant students)

(e.g., Gutiérrez et al. 1999). Na’ilah Suad Nasir, Ann Rosebery, Beth Warren, and Carol

Lee (2006) point to some research that ‘‘explores intersections between everyday practices

and important disciplinary knowledge’’ (p. 493), but still, I argue that most of the examples

are seen within the school lens. However, I want to note that they write:

In order to see robust, authentic connections between the everyday knowledge and

practices of youth from nondominant groups and those of academic disciplines, we

must look beyond the typical connections made in school curricula and identify

important continuities of practice. (p. 495)

It is this looking beyond school that I am arguing for. Elizabeth Moje, Tehani Collazo,

Rosario Carrillo and Ronald Marx. (2001) refer to the existence of at least three kinds of

Discourses in the classroom:

Although several different intersecting Discourses can be at work in any one

classroom, at least three are particularly salient for this discussion: disciplinary or

content area, classroom, and social or everyday Discourses. These Discourses rep-

resent distinct ways of knowing, doing, talking, reading, and writing, and yet they

overlap and inform one another in important ways. (p. 471)

Where might this work take us if we move away from the classroom context and look at

the disciplinary and the everyday Discourses?

Finally, underlying the different areas of suggested research (nature of everyday STEM

practices, valorization of knowledge, different forms of engagement, participation struc-

tures, interaction, language choice, and third space) is the notion of power. In her work on

ethnomathematics and its possible relationships to school mathematics, Gelsa Knijnik

(2004) writes about the need to examine the power relations that go hand in hand with the

different forms of mathematics. Building on this, I argue that we need to examine the role

of power relations across the different settings in which STEM learning takes place (in

everyday life; in school; in the STEM disciplines). I close with the voices of three Latina

women whose messages underscore the need to address power issues as we look at the

future of STEM learning research. The three quotes come from reflections from partici-

pants in parental engagement projects in mathematics that were grounded in critical

education principles.

No one is going to mandate that is has to be the way they say, because we also think

and solve problems.
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It is important that we as parents have these types of [mathematical] discussions. We

also realize that though we may not have a certificate in hand, we are also teachers.

My fear slowly went away and I learned that your voice counts, even if you don’t

speak the same language, your voice counts.
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Abstract Marta Civil’s paper ‘‘STEM learning research through a funds of knowledge

lens’’ can be read as a story about her trajectory as a researcher of everyday and school

mathematics over time, grounded in sociocultural historical theory. Building on her work, I

explore three issues. First, I address the grounding of STEM research in studies of learning

and show what this may imply in the context of multilingualism and transculturism.

Second, I explore how funds of knowledge can put into question what counts as science.

Third, I discuss some of the methodological challenges the article raises. I conclude with

some comments to think with for the future of the STEM field and equitable science.

Keywords Funds of knowledge � Learning and identity in STEM � Affect �
Diverse youth � Non-dominant communities � Transculturalism

This paper is a response to Marta Civil’s article ‘‘STEM learning research through a funds

of knowledge lens.’’ Civil’s paper can be read as a story about her trajectory as a researcher

of everyday and school mathematics over time, grounded in sociocultural historical theory.

It is a story about the history of research lived by those who opted early on for a cultural

vision of mathematics education and who ventured outside of schools to understand it. The

paper can also be read as a call for action intended for professionals and researchers in that

it asks us to question the position we take on as researchers and the manner our position
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constitutes our work and practice. Finally, it is a paper about students from non-dominant

communities with rich funds of knowledge who engage in complex boundary crossings on

a daily basis given their many lived discontinuities in terms of language and culture with

mainstream society, and given the prevalent ethnocentric view of mathematics (and

STEM) that they are confronted with in most spaces in their lives, at a time when the stakes

are high to succeed academically. The paper hints at the important ‘‘interplay between the

local micro-level contexts and macro-level political influences’’ of STEM in and outside of

school (Brandt and Carlone 2012, p. 143), and the need to unpack these dimensions in

studies that may then lead to action and ‘‘social/political transformation.’’ The paper raises

important issues for the future of STEM research, and urges us to more deeply explore the

processes of life-long learning in STEM, in particular for youth from non-dominant

communities. In some sense, Civil calls for the study of ‘‘processes about social being’’ or

how ‘‘lives, persons, and practices [are] produced in ongoing everyday practice’’ (Lave

2012, p. 157). As Jean Lave emphasizes, such a question calls for studies that go beyond

the persons, entailing both, historical specificity and political analysis. As such, ‘‘learning,

knowledgeability, skillfulness, whatever else they might be, are always only part of

ongoing social arrangements and relations’’ (Lave 2011, p. 3). And it is the latter that

Civil’s paper highlights through the vignettes of Latino youth and their engagement with

mathematics in and outside of school.

Civil also makes transparent her posture as a researcher, alluding to her focus on

schools, teachers and students which then naturally led to her involvement in the funds of

knowledge for teaching project (FKT). Accordingly, everyday ways of knowing, doing and

being in and with math and science are understood as resources to build on in school,

facilitating students’ boundary crossing between their world and the world of school, next

to supporting their navigations among different epistemologies, making learning and

identity work in STEM possible and meaningful in the context of the students’ lives. It is a

means to enrich both, the students’ and the teachers’ engagement with STEM by bringing

in other ways of knowing, doing and being. The latter is particularly important in that

navigations between home and school are mediated by the identity work and valorization

of ways of knowing, doing and being in practice, dimensions we still need to know more

about.

By positioning herself in the research imaginary, Civil not only clarifies the goal of her

research but its scope and limits. She alludes to the challenges one may face as a researcher

whose values and interests influence ‘‘what counts as mathematics’’ and the ‘‘seeing’’ of

mathematics in practice.’’ Both are also tied up with our own history in STEM practices

that most likely differ from the students’ repertoires of practices and histories, challenging

in yet other ways what we may value, see and count as science. It hints at questions about

navigations, identity, valorization, and positioning in science. It leaves us with questions

about what performing science and identities in science for public recognition (by

researchers, teachers, students, parents, etc.) entails, next to a concern about the manner

public recognition may contradict students’ self-identifications as insiders to science.

Building on these issues in light of future directions for STEM research, I will draw

upon my own journey and history in the context of science literacy development in and

outside of school, which led to a certain reading of Civil’s paper and ‘‘seeing’’ of what the

crucial issues might be. I begin with an exploration of the research posture Civil’s paper

proposes and try to expand on it through stories from my own research and my own vision

for the future. I then elaborate on the tight link between the cognitive, social and affective

in studies of learning and literacy development that Civil alludes to but are too often

neglected in studies of subjectivities. I offer some ideas to think with in terms of methods
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and how we might read students’ performances in science. I conclude with visions for the

future of STEM research.

Life-wide, life-deep and life-long learning: the positioning of the research imaginary
and its participants

One of the most important message to take from the paper is its focus on learning rather

than mathematics per se. Learning itself is understood as a process both grounded in a

dialectic between real life and formal education and as embedded in and emergent from

social relationships. That grounding implies that learning needs to be understood not as

emergent in a bounded system, like an informal science program or inside a science

classroom, but instead, is located in movements among practices over time (Gutiérrez,

Bien, Selland and Pierce 2011). It suggests that any study of learning implys a focus on at

least two activity systems simultaneously and the manner they constitute one another. Lev

Vygotsky made the case for such a dialectic a long time ago which in turn inspired the FKT

framework (Vygotsky 1997; cited in Moll 2011). While powerful, that dialectic has

remained marginalized in discussions of STEM learning. Vygotsky wrote:

Our only concern is that there exist within the very nature of the educational process,

within its psychological essence, the demand that there be as intimate a contact, and

as close an interaction with life itself as might be wished for. Ultimately, only life

educates, and the deeper that life, the real world, burrows into school, the more

dynamic and the more robust will be the educational process. That the school has

been locked away and walled in as if by a tall fence from life itself has been its

greatest failing. Education is just as meaningless outside the real world as is a fire

without oxygen, or as is breathing in a vacuum. The teacher’s educational work,

therefore, must be inevitably connected with his (or her) creative, social, and life

work. (p. 345)

Vygotsky argues here against the container view of learning as tied to schooling which

Civil’s paper also questions. It has led to two parallel and rich sets of literature on

mathematics and science learning in and outside of school, entailing everything from

micro-analytic to eco-systemic studies of learning in context. Yet the dialectic between the

two, as articulated by Vygotsky, has typically been neglected. Most important, since it is a

dialectic, an ‘‘add on’’ approach or functional view does not work. Instead, it calls for

studies that are grounded within that interplay of multiple ways of learning across space

over time and that examine ‘‘individuals’ histories of involvement with literacy, that is,

their repertoires of practice… both proximal and distal’’ (Gutiérrez et al. 2011, p. 234).

Vygotsky hinted at the need to understand persons as they live their lives within and across

cultural practices populated with structures like school which themselves are not containers

but embedded in the fabric of a vast network of social practices among which we choose to

navigate.

Vygotsky’s quote also critiques the design of schools as entities that aim to filter out the

everyday and argues for authentic learning, which by its very nature implies an opening up

of the school walls to real life and positions students and teachers as learners of each

others’ lives and worlds which then become resources for literacy development in and

beyond school in ways described by Civil. The quote also hints at the fact that the design of

schools as bounded educational environments in itself does not imply that its participants

will not mobilize their everyday resources from their lives. Students bring and use their
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own resources all the time, but they tend to go unnoticed or are not valorized and may

position learners as failing when in reality, they are engaged in very complex work. Jean

Lave (1996) illustrated it well in the context of mathematics where students translated the

problems into solvable one’s given their own history and ways of knowing and once they

arrived at a solution, translated them back into a form that was acceptable within that

particular classroom. Such translating took time and led the students to complete fewer

math problems than their peers, which caught the attention of the teacher and positioned

them, despite their creative and complex work, as slow learners. Lave’s study resonates

with the case of Julian in the paper who could not follow the task with his peers since they

engaged in mathematics differently than their teacher intended.

What Vygotsky and the FKT approach call for is the valorization of such resources or

toolkits that enable and mediate students’ and teachers’ learning and development. This

brings me to a second important theoretical issue the paper raises, the dialectic of affect

and thought as also emphasized by Vygotsky in his writings:

[Thought] is not born of other thoughts. Thought has its origins in the motivating

sphere of consciousness, a sphere that includes our inclinations and needs, our

interests and impulses, and our affect and emotions. The affective and volitional

tendency stands behind thought. Only here do we find the answer to the final ‘‘why’’

in the analysis of thinking. (1934/1997, p. 282)

The manner thought and affect are interrelated comes through well in the vignettes of the

paper. Civil’s paper shows in yet another manner in what ways youth with troubled

educational histories engage in learning and creative work in and outside of school when

given the affective and cognitive support needed to take risks (Mahn and John-Steiner

2002). How emotion and thought mediate learning has been expanded further by

Aleksander Zaporochets in 1986 (cited in Gonzalez-Rey 2011, p. 45):

We have reason to believe that, in contrast to the intellectual control that regulates

behavior in relation to the objective meaning of the conditions of the problem to be

solved; emotional control guarantees a correction of the action adequate to the

subject’s sense of what is being done with respect to the satisfaction of present need.

Only this coordinated functioning of two systems, only, as Vygotsky expressed it, the

‘unit of affect and intellect’ can guarantee a full realization of any form of activity.

(p. 283)

The quote resonates with Civil’s argument that it is through dispositions towards

mathematics and science, implying a certain level of congruence between the cognitive,

affective and subject position of the individual, that the bridging of practices becomes

meaningful and empowering, leading to new future possibilities and actions. As suggested

by Na’ilah Nasir (2012), congruency does not only imply that youth perceive a continuity

between home and school per se but that they receive messages from the social practice

that suggest they belong and can learn. That way, students will develop a sense of

belonging to school and the affinity needed to excel academically. Such messages are

transmitted through the social organization of the practice through means such as feedback

that implies correction and encouragement, next to the roles the students are encouraged to

take on, and a classroom ethos that permits them to ‘‘be themselves’’ (p. 57). Belonging

also entails both, social and racial belonging.

The theoretical grounding I tried to depict here is crucial for understanding Civil’s

position and focus on school learning. Such a focus in this case implies the study of formal

and informal learning next to domain knowledge and cultural knowledge. The study of
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learning implies ways of knowing, doing and being and therefore ties together the cog-

nitive, affective, and subjective. Most important, it implies the valorization of the cultural

practices students bring with them wherever they go. Moving away from the deficit per-

spective, it helps us position the students as having rich histories and tools to be expanded

upon through the design of learning ecologies that ‘‘exploit the hybridity inherent in any

activity system, as well as the particular hybrid nature of contexts’’ (Gutiérrez et al. 2011,

p. 237). Taking activity as the locus of cultural creation, one may then conceive of the

classrooms that Civil describes as polylingual and polycultural practices in which diverse

languages and cultural practices that the students bring with them mediate learning and

identity work in STEM, leading to the emergence of third spaces for learning and

development for students from non-dominant groups.

Having positioned the research imaginary, I now try to stretch it further and ask what an

FKT approach might look like in a different kind of classroom marked by global mobility,

with students that move in and out of a diverse set of social practices given their trans-

national grounding and participation in social worlds that are stretched across the globe.

What they know is no longer tied to one specific space. It has no clear boundaries. Cultural

diversity is both local and global yet extremely complex and embedded in global flows of

information and exchange. Essentially, in such communities, ‘‘people from diverse

backgrounds live across multiple time horizons, creating conditions not only of risk and

vulnerability, but also of opportunities’’ (Rizvi 2009, p. 269). What does engagement and

identity work in science look like for youth who live at the borders of it, have come into

contact with science in spaces spanned across the globe and bring with them rich histories

and complex symbolic repertoires that can be mobilized to build multiliteracies? And how

may we think of classrooms that build on such resources when every student has a unique

history rooted in a different country of origin and holding on to different transnational

spaces that matter?

I explore that complexity through a vignette of Gonzalo, a youth participant in a science

club that we developed as part of a multi-sited ethnography with a focus on diverse youths’

engagement with science in structured out-of-school science activities. Gonzalo, like

Julian, struggled to see himself as a learner across context attesting to a similar kind of

difficulty in navigating. Gonzalo’s case also illustrates a complex history of transcultural

travel that constitutes his current struggles in school.

Vignette 1: Multilingualism and transculturalism: Gonzalos’ learning and identity

trajectory across time and space

Gonzalo’s mother Britany offered a rich account of her family history. She grew up in the

Philippines in a family with seven children. After finishing elementary school, she started

working as a housekeeper at age 13 (until 17), taking care of a newborn baby, and thereby,

contributing financially to her family. Realizing that she had completed only elementary

school, the family she worked for supported her financially to pursue a tailor appren-

ticeship and later, encouraged her to finish up high school. She eventually returned to high

school supporting herself financially through her work as a tennis ball girl in the tennis

center. She had her first child with a US marine at age 24, ‘‘but his father didn’t come

back.’’ He exchanged letters with her for quite a while but then vanished. She tried to find

him through Red Cross but in the end, lacked the financial resources to pursue her search.

Recently, her son tried to find his father but failed too. Once her high school degree in

hand, she left for Singapore in 1987. She had friends who pursued the same immigration

trajectory, entailing 2 years of work in Singapore, followed by possibilities for
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immigration to Canada. She moved to Montreal in 1990 with her son, working all kinds of

different jobs at first, as she summarized in her still somewhat broken English:

I start here working with a handicapped boy as a private nurse and after that, I did

some baby… house keeping with a child and then I work in a factory as a electronic,

but after a few months… not long years, just maybe few months and I work two

years and a half of sewing, like making underwear for men in a factory for two years.

Then ten years now I’m working with the elderly and in the hospital with the older

people. I’m a private caregiver. I took the nursing aid, so I try to get in a job like

somewhere like a hospital. But I cannot get in because I don’t speak French.

Britany speaks Tagalog and Pampango with her son and sister in Canada. But French

remained a challenge for her, limiting her options in terms of jobs she qualified for. She

met the father of Gonzalo in Montreal. He is from Guatemala, works as a Pizza cook and

knows some French. When Gonzalo was born, her mother came from the Philippines to

help out. Eventually, she had to be sent home given how isolated she felt and onset of

Alzheimer. For this reason, Gonzalo only speaks English now, having lost most of the

Tagalog that his grandmother taught him.

We met at Aspiration, a program reaching out to immigrant families and working

closely together with six elementary schools in its community, offering free tutoring

services to children who struggle in school academically or socially. Gonzalo was referred

to the program by his teacher given academic struggles in school that made him repeat

third grade at the time. Gonzalo’s older brother dropped out of high school by then. Ever

since, Britany tried to help him get back to school. She told him:

‘When I was your age, I work and I go to school. Why can’t you do that?’ I say. And

the money I make is not for me, it’s for my mother to pay the apartment and buy the

food. I say I go to school in my country with the slipper… you know the rubber

slipper? They have a hole and when it’s broken, I put a pin so I can still use [them]. I

never wear nice clothes and I’m telling them you’re lucky.

Britany’s own history of trying to get an education despite her poverty made it difficult to

accept that her own children struggled academically despite opportunities to do well that

she never had access to as a child. She also worried that Gonzalo would end up dropping

out like her older son and tried hard to convince him that ‘‘his learning is slow,’’

challenging the idea that he is ‘‘handicapped,’’ as some peers positioned Gonzalo at school.

That positioning by others left its mark. Gonzalo started in ArtScience,—a science club we

ran at the time as part of an outreach project of the University—as a very withdrawn and

shy youth, speaking little, yet always participating. He was also very engaged in the art’s

project and the second year, became more outspoken as he worked on his video

documentary on meteorites. When asked what he learned through his participation in

ArtScience with us, he noted, ‘‘I learned that I can do all these things that we did!’’ He

participated in astronomy sessions, learned about ecological systems, animals and nature,

identified rocks and came face to face with geology, electrical circuits and also engaged in

computer programming. The second year, he became fluent in technology and science

through the creation of a video documentary on meteorites together with a peer. ArtScience

and Aspiration were places that positioned him as capable, irrespective of his language

issues that undermined his academic success to some degree, making him repeat 3th grade,

and also 6th grade, eventually. It remains to be seen if such positioning in Aspiration

helped him develop the resilience needed to succeed in the future. Gonzalo’s mother tried

to be confident: ‘‘What I think, with him, he has to find what he likes. If he gets interested
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in it, he will do fine. Sometimes, that’s the challenge. You know in school, they have to do

everything, they have no choice, but later, if you can find what he likes, I think he will do

really well.’’ Gonzalo and his mother perceived of Aspiration and ArtScience as spaces that

help youth like Gonzalo ‘‘succeed in school, it helps with our difficulties, it’s like being

tutored.’’

When I talked with Gonzalo in the spring of 2010, he was ready to move on to high

school in his community. He talked about a visit to ‘‘Hydro-Québec’’ where he learned

about ‘‘how they make electricity with water and all that.’’ He also talked about his visit to

Guatemala the summer before and his stay with his grandfather in the hills of the country

where it was colder than on the beach. He also met a tutor at Aspiration that kept tutoring

him two other evenings a week during his last year in elementary school. From our club, he

remembered touching frogs the first year and making the video as the two ‘‘coolest’’

activities. He also remembered the art project in positive ways and valued the drawing

style he was introduced to by an artist that worked with us on the art mural. Yet, what was

most important to Gonzalo was the public exhibit of his artwork in the local library ‘‘it

showed how one can paint, that youth can paint well and all that!’’

The vignette illustrates a complex story of an immigration trajectory and history that

constitutes the lives of many students today, a history Gonzalo learned about from his

parents and that marked his positioning as a student in school. Like many others, he

struggled with linguistic and cultural discontinuities that marked his travel from school

(French) to home (English and Tagalog), next to a generational struggle with his parents

given such vastly different histories of growing up, as his mother’s account makes evident.

At the same time, Gonzalo’s family offered him much affective support to make it in the

system despite his struggles. His mother also hired tutors initially and then registered

Gonzalo in Aspiration and ArtScience ‘‘to get help.’’ Through on-going participation in the

program over 3 years, Gonzalo managed to reposition himself as ‘‘capable’’ of learning.

The activities in Aspiration made it possible for him to take risks given the support he

received from others within the program and the positive relationships he built with tutors

and instructors. Over time, through caring support, Gonzalo managed to develop the tools

needed to navigate well the spaces of formal schooling, well enough to make it into the

regular program in high school.

What is striking is Gonzalo’s concern not just for himself, but for wanting to reposition

youth like him in positive ways when he noted that the mural shows that ‘‘youth can paint

well.’’ He saw himself as a member of a group of marginals within the school system, that

repeat grades in school, that come to Aspiration to improve academically, and that need

that extra push to do well in the educational system given their history of immigration and

their lived cultural and linguistic discontinuities. While he engaged with science, science

was a means into seeing new possibilities for his future. It supported an exploration of

science and repositioning of self in education. His understanding of science, however,

remained unchallenged. Judging from his stories about engagement with science in Art-

Science and school, he perceived the two practices as offering similar activities. What

differed however, were the larger implications his engagement with science had for his

sense of self. It made accessible to him multiple and different ideas about self, leading to

change in his subjective configurations (Gonzalez-Rey 2011).

A number of questions raised by Civil are pertinent here. As her vignette of Alberto

suggests, Gonzalo struggled in school while his participation in the community program

was recognized in positive ways. Yet, like Julian in the paper, Gonzalo struggled to

navigate across practices and to come to see himself as a capable learner beyond the

community program. The vignette speaks to the challenge Civil raises about how one may
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leverage the positive identities of children like Gonzalo within schools, enacted and lived

in community programs and at home. Another point I tried to raise with the vignette is the

importance of history and how it helps situate Gonzalo’s current conduct of everyday life.

His mother’s history of immigration and conduct of everyday life led to certain disposi-

tions towards schooling and life in the host country that colored Gonzalo’s positioning in

school, at home and aspirations for the future. It begs the question for the study of

trajectories, grounded in historical accounts and ‘‘how learning works in the world through

the conduct of everyday life’’ (Lave 2012, p. 165). Britany had been very calculated in her

travels in the past, engaging in moves that made education and a better life and future

accessible to her and her son. Yet that achievement and the skills she had developed

through such travel over time and across the continent remained marginalized and

unrecognized, making her engage in underpaid jobs. Despite additional training as a health

professional in Canada, a position in a hospital that would have made interesting social

benefits a reality did not work out, given language discontinuities she struggled with. It

attests to the ways learning and identity trajectories are also mixed up with politics (i.e., the

Charter of the French language in 1977 which made French the official language of Quebec

with the result that fluency in French has become a prerequisite for most jobs). Ironically,

similar struggles with language also fueled Gonzalo’s academic struggles in that the same

local politics required him to pursue his education in French, with English schools now

being reserved for the English minority and optional for aboriginals of Quebec.

Returning to STEM and as hinted at by Civil, we need to know much more about the

everyday practices and histories of our students to fully grasp how to mobilize those ways

of knowing, doing and being within the STEM disciplines. As suggested too, many stu-

dents engage with science in everyday life and are passionate about and value such

engagement, yet often do not see it as entailing science. My own research in gardens and

afterschool programs certainly also attests to that. We still have to figure out how we may

intervene and mediate youth’s seeing of science and ways of mobilizing it within high-

stakes science practices. Becoming science literate is not solely about science but also

about ways of navigating across practices in which science is more or less salient. While

the FKT approach is a means to facilitate that navigation by making explicit and rein-

forcing the mobilization of students’ funds of knowledge, we still need to know more about

such mobilizing among classrooms in which none of the students share the same historical,

cultural and racial roots. Attention to the issues raised so far would facilitate our under-

standing of learning as life-wide (happening across a vast range of practices), life-deep

(entailing multiple complex levels of engagement and identity work), and life-long (as

happening over time, calling for studies of longer timescales).

The challenges of mobilizing students’ funds of knowledge and building upon their
interests while making it count as a form of engagement with science

Another challenge Civil raises is the valorization of different forms of mathematics. It begs

the question about what we may count and see as mathematics and makes reference to the

paradox stated in the paper and articulated by Wendy Millroy in 1992 in the context of her

study of mathematics in the practice of carpenters, namely ‘‘how can anyone who is

schooled in conventional Western mathematics ‘see’ any form of mathematics other than

that which resembles the conventional mathematics with which she is familiar?’’ I like to

expand on that issue, having wondered often in my own research on informal science

education about what engagement with science means in practices such as gardening,
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museums, apprenticeships with scientists, the making of mini-documentaries or as I show

below, the writing of texts for a scientific newsletter. As we design meaningful learning

environments, our own visions of science typically guide the design and as such, may stand

in contradiction with the participant’s everyday practices of sciences that we are unable to

grasp or ‘‘see.’’ Finally, when we ask students or families to summarize practices in which

they come into contact with science in the context of clinical interviews as described by

Civil, one may wonder about the ways the informants understand such questions, or how

they read our intentions as researchers and how the two then constitute their answers. How

as teachers or researchers do we respond to students’ funds of knowledge about science

when they appear non-scientific to us? These issues are not talked about but quite chal-

lenging and typical of practices that build on students’ interests and funds of knowledge,

often resulting in hybrid third spaces that matter to youth yet at times are far removed from

science practices the same youth come into contact with in school. I illustrate some of these

challenges below with a vignette from an afterschool science program for girls only and

study of their science newsletter activity (Rahm 2012a).

Vignette 2: What makes the writing about science scientific? In the eyes of whom?

Oceans, Seas and Continents

There is no more…
The ocean lost its splendor

The sees are worthless

All is dead

because they were mistreated

Life no longer exists

in these polluted places

Time ticks on

and we no longer care

What will life become

without water, without sees and oceans

It will be too late

to save the people.

Poem written by Mao, Published in Newsletter of ScienceGirls

The poem was written for a scientific newsletter, produced in an afterschool program

known as ScienceGirls. The newsletter was written for elementary students in the com-

munity and distributed in the schools and through the program website. While the par-

ticipating girls were positioned as journalists, the activity was only loosely tied to the

practice of scientific journalism. In that sense, the girls’ everyday practices and practices in

STEM were only loosely tied together. It makes possible, nevertheless, an examination of

the characteristics of the girls’ everyday practices and ‘‘how those relate to engagement in

practices in STEM disciplines’’ an important research focus for the future according to

Civil (2014).

One of the most challenging issues of programs like ScienceGirls is the question about

science and what kinds of practices in STEM such programs make accessible to its par-

ticipants. The poem above, a product, puts into question whether playing with ideas of

science in a poem entails some form of engagement with science. Once we examine the

process leading up to that poem, it becomes clear that its production called for the weaving

together of students’ histories and interests with science or funds of knowledge. That
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weaving together is evident in the heated debate the girls engaged in as the theme and

content of the newsletter was negotiated:

Ajala Me, I will talk of my own country well, not of my

Fatima Of my country

Achintya Yes, my country, I am not born there but.

Adult But that is more culture than science

Ajala But I want to talk about what is happening over there! (Girls argue)

Adult It’s not the same thing, girls, girls, girls, we already had that conversation

Achintya That’s a while back

Ajala The [readers of the journal] want other kinds of things to learn things from, we also want to learn

Adult But it’s a scientific newsletter, not a cultural newsletter, not a fashion newsletter, it’s not…
Achintya but it could have some cultural things, some scientific things, at least something a bit new, new

The girls were interested in a newsletter where they could talk of their country of origin.

Most were second generation immigrants and born in Canada, yet the lives of many of the

participating girls were heavily marked by transcultural travel. For some the values and

practices at home were heavily grounded in their parents’ history and cultural practices that

they brought with them as they moved to Canada in hopes to be able to offer their children

a better education and future than they experienced back home. The girls’ home practices

were grounded in social relations that stretched across the continent and were maintained

through media such as facebook, skype and internet sites that made much cultural

knowledge immediately and continuously available, yet also locally, through engagement

in cultural practices in their community.

The program instructors redirected the girls’ interests towards science by proposing some

ways of talking about their culture through science, ‘‘for instance the seasons, how the

seasons are different or how the temperature is different, that would already be a bit more

scientific, or problems related to climate change specific to each country, like the fauna,

wildlife, and plants’’ or ‘‘like famous people, of the country, related to science.’’ It even-

tually led to two different newsletters in which some of the girls wove together science with

their home countries and countries they dreamed of visiting, one entitled ‘‘Biodiversity’’

with an article on the Tsunami that hit India and Bangladesh in 2004 and its environmental

effects, and another issue entitled ‘‘Oceans, Seas and Continents’’ with an article about India

and the sacred cow next to another on the Indian Ocean, with countries the girls dreamed of

visiting like France and its Eiffel Tower, Thailand, Australia, the Antarctic, next to articles

on the oil spill in Mexico, the Great Pacific Garbage Patch (island), and a text explaining

plate tectonics. Interestingly, we never observed any opportunities for the youth to engage in

reflective discussions about what science is and what role different epistemologies of sci-

ence may play in their identity work in science or an exploration of the many ways of

knowing and bridging of cultures that engagement with science implies (Aikenhead and

Michell 2011). It can be seen as a missed learning opportunity.

Without wanting to pick up on the debate about what science is and what an identity as

an insider to science implies, opportunities to explore these issues are necessary for the

development of science literacy and the future of STEM. Such reflective work is also

essential to break down barriers to engagement in and with science. It is about moving
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beyond a vision of science, science learning and identity in science as acultural. As Civil’s

paper suggests, a cultural view of science gets us to focus on ‘‘how can we build on

students’ knowledge and experiences in everyday life, in such a way that these become

relevant and useful for the teaching and learning of’’ science (Civil 2014). The instructors

did so by trying to help the girls envision an integration of their history and country of

origin with science, something the girls valorized, which in turn might have facilitated their

navigation among these diverse worlds in which they live as first and second generation

immigrant youth and writers of a newsletter distributed to elementary school children in

their community.

However, with the above example I also wanted to highlight the important link between

epistemology and science education that Civil’s paper hints at. As Megan Bang and

Douglas Medin (2010) suggest, ‘‘day-to-day practices are the sites at which epistemo-

logical stances are implicitly brought to life, learned and infused with meaning’’ (p. 1017).

The above data is an example of such a practice in which youth and instructors brought

alive and engage with different epistemologies of science through their talk, interaction

and action. What I would argue and Civil’s paper hints at, such engagement with and travel

across epistemologies of science need to be made explicit and become the focus of forms

of engagement with and identity work in science. Only once they become explicit and are

valorized can they be built on and mobilized as resources and bridges into science. It will

help us better understand what it means to be a learner of science across different contexts

and practices.

Methodological challenges: subjectivities, affect and recognition as science learners

Civil describes the use of clinical interviews as a means to understand the everyday

practices of our subjects and the manner mathematics figures in them. Yet, such research

poses serious challenges for the researchers, as reported, in that we may struggle uncov-

ering mathematics or science in practices described to us if we lack knowledge of such

practices or if the practices are different from the ones that are part of our lives. As

suggested too, ‘‘the learners themselves may not see these connections’’ (Civil 2014), the

connections between their everyday practices and mathematics or science. While true, I

like to turn these questions around by noting that lack of seeing or talking about ‘‘the

powerful and prestigious discourse of academic mathematics [or science]’’ or references to

contradictions can also reveal students’ navigations among practices and the manner power

and local politics constitute such navigations. I briefly examine how these dimensions play

out in an afterschool program located in a high school known as ScienceTech. Over

10 weeks during winter 2012, we pursued the making of a quick personal mini-docu-

mentary about ‘‘me and science’’ before launching into the production of a clip on a

science topic of interest to youth. I report here on the development of the former.

Vignette 3: A mini-documentary about science and me

The youth searched their Facebook pages for pictures of themselves and the internet for

images of their country of origin, offering us with a brief biographical glimpse. They then

added images of science that they valued and that worked for telling their story about self

and science. To illustrate, I transcribed Sally’s video-clip about self and science of seven

slides and a narrative:
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Slide Narrative Images

1 I come from Tunisia Image of palm trees and the
beach with blue sky

2 I like the environment a lot because it’s nice and green Image of a green forest with
much grass

3 I also like the Niagara Falls, especially at night, because there are
many different lights and colors and it is very nice

A picture of multi-color-lit
Niagara Falls

5 There are a lot of natural disasters I like, like eruptions because it
is fascinating and beautiful

Picture of an active volcano
with larva flow

6 I also like hurricanes even though it causes a mess, like many
other natural disasters

Picture of an interesting cloud
formation/hurricane

7 I also like tsunami, it’s nice and I like water, that’s why Image of a huge wave during a
tsunami

8 I am also fascinated by the planets and the discovery of new
things about them

The goal of the activity was to familiarize the youth with i-movie for its use in the

subsequent production of a science documentary. It was also an icebreaker activity at the

beginning of the club activities and engaged in by all participants, youth and instructors.

These clips can be read as performances by youth of selves in science. They show how the

youth in the club related to science at that point in time and hint at how they wanted to be

recognized. Yet, such interpretations raise many issues about the stance of the researcher

and the paradox of ‘‘noticing’’ and ‘‘recognizing’’ somebody as an insider to science or an

action as entailing science. How was the choice of symbols of science influenced by the

history of the students within the educational system and beyond, next to media depictions

of science? If students present science as entailing explosions, does this represent their

image of science, or does it tell us something about them not recognizing other forms of

engagement as entailing science?

These are all very important questions. They point to the need for the STEM field to

also re-assess its methodologies next to seriously engaging with its underlying episte-

mologies. Participatory ethnographies with youth and actors in science rather than of youth

are certainly needed. Only through participatory action research can understandings be co-

constructed among youth, teachers or professionals that work with youth and researchers,

who have very different histories and live in communities often very different from one

another. In essence, participants need to be involved in the design of programs, inter-

ventions, as well as assessments of STEM. Bang and Medin (2010) offer a nice example of

a community-based design at the heart of their work with urban and rural Native American

communities and the co-development of a culturally responsive science curriculum. Like

Civil’s work, they explored ‘‘the complexities that diverse ways of knowing create for

teaching and learning environments’’ (p. 1014).

Study groups in FKT projects among teachers have been another means to support

engagement with students’ funds of knowledge and critical reflections about what the

students’ everyday practices may tell about ways to create additive learning opportunities

in schools for the students involved (Moll 2010). Yet, Civil’s story suggests that an

exploration of students’ feelings tied to different ways of talking and being in mathematics

(or science) can be challenging and time consuming. Given the hegemony in place in light

of mathematics and science, exchanges and attempts to challenge strong-held beliefs about
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STEM and its practices often lead to the marginalization of such discussions within the

educational system, according to Civil.

Moving beyond STEM: dig deep and wide towards new possibilities and action

By bringing in some theoretical notions of Vygotsky, I tried to make more explicit the

dialectic at the heart of studies of youths’ everyday forms of engagement with science in

and outside of school and the study of its cognitive, affective and subjective dimensions. I

made the case for the need to focus on learning and identity as an embodied practice. I

explored what such a footing in research might imply in our world today, marked by

mobility and globalization and vast level of diversity in classrooms. I discussed the

challenges inherent in building on the funds of knowledge diverse students bring with them

and that are also tied to local and scientific knowledge. I alluded quickly to some of the

methodological challenges ‘‘seeing’’ of STEM in students’ accounts of their everyday

practices might entail. I now close with some ideas to think with for the future.

The most important message to take away from the paper besides its theoretical

grounding, are its implication for a larger vision of learning and identity in STEM, that

moves the research imaginary beyond the immediate towards an understanding of its

grounding in the history, present and future and across a wider variety of social practices

that constitute students’ lives today. I read Civil’s paper as a counterstory in light of the

current political context or ‘‘knowledge economy, fuelled by digital technologies and new

forms of global collaboration’’ calling for ‘‘citizens with advanced information skills keen

to engage in life-long learning starting already in preschool and continuing throughout

working life’’ (Säljö 2012, p. 9). It is a counterstory to stories with an emphasis on

knowledge, high stakes testing and interest in international comparisons in light of STEM

learning such as TIMSS and PISA. It is a counterstory to the renewed interest in traditional

and narrow visions of learning, identity and schooling that are a means towards a career in

STEM. There is an increasing concern about that kind of functional view behind STEM

education. While STEM stands for a trans-disciplinary vision of education implying the

fields of science, technology, engineering and mathematics, its focus tends to rest on the

development of knowledge and doing, with little to no space for critical reflection and

action or youth-owned engagement and youth-driven science education. That story of

power is antithetical to a vision of learning, knowing and being as a social activity that

Civil proposed and that was described years ago by Vygotsky and Dewey, who noted that

education ‘‘is a process of living and not a preparation for future living’’ (Dewey 1897,

cited in Säljö 2012, p. 10).

Civil’s counterstory moves us away from a functional view of education to a relational

one, implying a dialectic among formal and informal education that constitutes mathe-

matics and/or science literacy development. It leads to an emphasis on and rich account of

students’ forms of participation and involvement. It is a much needed alternate lens to a

still prevalent focus on ‘‘content with thin descriptions in terms of abstract outcome mea-

sures of products of learning’’ (Civil 2014). Yet, the question remains, how can we use the

types of analyses and frameworks proposed by research grounded in a cultural perspective

of STEM? What are its implications for schooling and judgments of academic success next

to the ways educational practices adapt to diversity and life in a globalized world?

According to Civil, the biggest challenge for the field is to make such kind of research

more ‘‘mainstream’’ and make it count in policy discussions. One may argue that cultural

notions of science literacy have filtered into the two most recent reports by the National
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Research Council, entitled Learning Science in Informal Environments (NRC 2009) and A

Framework for K-12 Science Education: Practice, Crosscutting Concepts and Core Ideas

(NRC 2012). Yet, what we need in the field is a focus on research and reports grounded in a

much broader vision of science literacy development, studying activity rather than science

per se, and examining how people over the course of their life come into contact with

science across a diverse set of practices. We must understand the personal significance of

some practices over others in the context of the complex lives people live today. We must

understand how people configure their participation in some practices and not others given

time constraints, organization of their activities and networks, and social relationships. It

means, we have to bring the literature on studies of formal science education together with

informal science education and explore them as a dialectic. As is, we have learned a lot

about participation in informal science practices, yet not in how they constitute and are

embedded in a larger set of practices, formal and informal, among which students navigate

daily and over time. We tend to keep ignoring the manner histories of people influence the

present and how the political colors everything. We need to know more about the manner

engagement with science within and across practices within a complex network of prac-

tices are marked by gender, ethnicity, race, language, and poverty. And as I tried to portray,

such research imaginaries need to be well grounded theoretically yet in turn also mobilized

for action in the field. It is about the design of ‘‘polylingual and polycultural approaches

that leverage students’ repertoires of practice’’ (Gutiérrez et al. 2011, p. 233). It calls for

transdisciplinary and transcultural research with a focus on learning as life-wide, life-deep

and life-long. It calls for long-term and multi-sited studies of practices to get at the spatial

and diverse timescales engagement with STEM entails (Rahm 2012b). Research needs to

focus on trajectories of learning and identity, with learning implying the cognitive and

affective grounded in participants’ histories, current travels and future aspirations.

Research needs to be collaborative or participatory with products that are tangible and

powerful that can then transform practice.

In my own research I have focused on youths’ engagement with science primarily

outside of school. Yet, I see it as simply another way into understanding youths’

engagement with and identity work in science in non-dominant communities which I

ground not solely in a study of the science practices per se, but as constituted by youth

culture and the history of youth next to the local and global politics. The paper by Civil

raises many pertinent issues to play with as we continue studies of youth in non-dominant

communities. While these stories of lives and qualitative studies of engagement with

science and practices in science classrooms that build on youths’ funds of knowledge

remain marginalized within the field of science education, their marginality offers a means

for innovation and blending of disciplines that makes them powerful and insightful for the

field, as Civil’s paper and research trajectory attests to.
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Abstract This article presents my rejoinder to Jrène Rahm’s response to my article

‘‘STEM learning research through a funds of knowledge lens.’’ I focus on four themes that

emerged from my reading of her commentary: the importance of the histories of youth of

immigrant origin; her comments on globality; the theoretical lens that she brings to my

research; and the methodological issues she discusses. I highlight Rahm’s humanizing

component and the need to understand the complexity of immigration. What are we doing

in our global settings to build on the diversity of experiences and backgrounds among the

youth as a resource towards STEM learning?

Keywords Immigration � In-school and out-of-school learning � STEM practices �
Valorization of knowledge

Jrène Rahm’s response to my article helped me extend my thinking on several issues. In

my rejoinder here I have chosen to focus on four of these issues: her focus on youth of

immigrant origin and the importance of their histories; her considerations around globality;

her theoretical lens to my work; and the methodological challenges she raises. I conclude

with some considerations for further research based on Rahm’s response.

Rahm’s response spoke to me in a very direct way through her own research with youth

of immigrant origin. While in my article I refer to ‘‘non-dominant communities’’ intended

to encompass members of marginalized communities, including immigrants, I realize that
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all of my examples are in fact with children (and their parents) of immigrant origin. I want

to underscore this point because in her response, Rahm points to the need to understand the

history of the youth with whom we work. Her article has a strong humanizing component

that I certainly share, yet I do not think I communicated it as vividly as she does. Whether

it is the case of Gonzalo and his mother’s experiences as an immigrant, or the case of the

girls in ScienceGirls whose everyday practices are marked by their parents’ experiences in

their countries of origin and they want their science newsletter to reflect their cultural

knowledge, Rahm’s writing reminds us of the complexity of immigration. The story of

Gonzalo is closely linked to his mother’s story and history. At many levels it reminds me

of my work with Latina mothers and how they talk about their histories and aspirations for

their children in their ‘‘new’’ country (e.g., Civil and Menéndez 2011). How do the chil-

dren (Gonzalo and others) perceive their mothers’ (parents’) histories and experiences?

Carola Suárez-Orozco and Marcelo Suárez-Orozco (2001) describe the tightrope that

immigrant parents (and their children) walk:

Immigrant parents walk a tightrope; they encourage their children to develop the

competencies necessary to function in the new culture, all the while maintaining the

traditions and (in many cases) language of home…. These children must construct

identities that will enable them to thrive in profoundly different settings such as

home, schools, the world of peers, and the world of work…. Immigrants are by

definition in the margins of two cultures. Paradoxically, they can never truly belong

either ‘‘here’’ nor ‘‘there.’’ (pp. 89 and 92)

I have addressed elsewhere the possible tensions in immigrant families when different

ways to do mathematics collide (Civil and Planas 2010; Civil, Planas and Quintos 2012).

While one could say that these differences may be typical generational differences, I have

argued that in the case of immigrant families whose knowledge is often not recognized,

these differences go beyond generational issues, as they point to power and marginalization

issues. Thus, I agree wholeheartedly with Rahm when she writes:

We tend to keep ignoring the manner histories of people influence the present and

how the political colors everything. We need to know more about the manner

engagement with science within and across practices within a complex network of

practices are marked by gender, ethnicity, race, language, and poverty.

The youth in Rahm’s vignettes are positioned as capable; their ideas and histories are

valued and reflected in the activities; the importance of belonging is made clear through the

vignettes. These three vignettes are illustrations of what Na’ilah Suad Nasir, Ann Rose-

bery, Beth Warren, and Carol Lee (2006) describe as examples of science learning envi-

ronments that provide meaningful learning experiences for non-dominant students.

Learning is viewed not only ‘‘as a cognitive process, but as intertwined with multiple

aspects of development—including identity and emotion’’ (p. 499). Rahm stresses the

‘‘link between the cognitive, social and affective’’ (p. 3) throughout her response. She also

hints at the need to look at the effect of these positive learning experiences years later. This

is a question that I also have about my own work. As youth participate in projects along the

lines described by Rahm, or the ones I refer to, with an emphasis on activities that build on

the participants’ interests, histories, everyday science and mathematics practices, to which

extent may these experiences become building blocks towards the participants’ later

choices of STEM-related fields of study and work?

Rahm pushes the Funds of Knowledge for Teaching approach and the idea of students’

diverse backgrounds, particularly in classrooms with multiple countries of origin
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represented, in a direction that I have not explored and that certainly opens up a research

path to pursue. At a time where we are surrounded by the discourse of globalization, what

are we doing in our global classrooms to really view the diversity of experiences and

backgrounds as resources towards STEM learning? As Rahm writes,

What does engagement and identity work in science look like for youth who live at

the borders of it, have come into contact with science in spaces spanned across the

globe and bring with them rich histories and complex symbolic repertoires that can

be mobilized to build multiliteracies? And how may we think of classrooms that

build on such resources when every student has a unique history rooted in a different

country of origin and holding on to different transnational spaces that matter. (pp.

7–8)

Reading Rahm’s words on the global aspect and also on Gonzalo’s case with the

English/French tension reminded me of a situation a few years back when some schools in

a middle to upper class area in a city in Arizona decided to teach Spanish to children

starting in kindergarten to prepare them for the global world, yet at the same time the state

of Arizona had passed a law basically eliminating bilingual education for those students

whose home language was not English. Who were these students whose home language

was not English? The majority of them were low-income children of Mexican origin.

While they became deprived from learning (in) their first language (Spanish) in their

schools, in another part of town that same language was being taught as part of preparing

global citizens.

What actions need to take place (in policy, in teacher education, in our views of what

counts as STEM) to design classrooms filled with ‘‘polylingual and polycultural practices

in which diverse languages and cultural practices that the students bring with them mediate

learning and identity work in STEM’’?

As Rahm points out, the Funds of Knowledge for Teaching project is largely based on

Vygotsky’s work. Rahm’s theoretical elaborations shed light on some of the ideas I pre-

sented in my article. In particular Rahm’s emphasis on Vygotsky’s writing about the

dialectic between real life and formal education pushes us to move beyond the dichoto-

mous approach that often characterizes discussions about in-school and out-of-school

learning. Nasir, Rosebery, Warren and Lee (2006, p. 489) write, ‘‘learning and develop-

ment can be seen as the acquisition … of diverse repertoires of overlapping, comple-

mentary, or even conflicting cultural practices.’’ Rahm, building on Vygotsky, calls for the

need to look for the interplay of all these various practices. In particular, she points out that

this ‘‘dialectic has remained marginalized in discussions of STEM learning.’’ This connects

to one of the points I raise in my article when I write about the need to examine the

interplay between everyday STEM practices and the practices in STEM disciplines. I want

to push the dialectic further by moving away from the in-school/out-of-school discussion

and looking at repertoires of everyday practices in non-dominant communities and the

everyday practices of STEM professionals. And, as Rahm also points out, we need to make

explicit the connections between ways to talk about and engage with science (and math-

ematics) in everyday life and in the work of STEM professionals.

Underlying the methodological challenges that Rahm discusses is the concept of val-

orization of knowledge. That is, while I have argued that a challenge I see in uncovering

mathematics (or science) in everyday practices is the researcher’s lack of familiarity with

the practice under analysis, I also think that our own views of what we are willing to count

as mathematics (or science) play a role. Creating environments in which these different

views are brought up for discussion seems a necessary step if we are to develop our
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understanding of STEM learning as a cultural process. I have engaged with teachers (e.g.,

through study groups) and Latina mothers in discussions around what counts as mathe-

matics, but I have not done this with youth in an explicit way. Rahm’s call for ‘‘partici-

patory ethnographies with youth and actors in science rather than of youth are certainly

needed’’ is right on target (see Varley Gutiérrez 2009, for an example in mathematics with

a group of young Latinas).

So, what is next? Rahm brings a dose of reality to a discussion of next steps for research

in STEM learning with an equity focus. She reminds us of the narrow view of science and

mathematics that is often conveyed in schools at a time of what I would describe as an

obsession with high stakes testing and international comparisons. We need to continue

working on countering these narrow approaches and as Rahm proposes, we need spaces

where youth engage in science in ways that are authentic to them and that promote critical

reflection.

Finally, as we think of next steps in STEM learning research, Rahm reminds us of the

importance of focusing on the cognitive, the social, and the affective aspects of learning

through engagement in multiple practices in different settings through the course of our

life. I join her in the call ‘‘for transdisciplinary and transcultural research with a focus on

learning as life-wide, life-deep and life-long.’’
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Abstract This article reviews the significance of the theoretical and practical contribu-

tions of Kris Gutiérrez to research on science education. Gutierrez’s ideas about design and

equity have inspired scholars to investigate how to leverage learners’ everyday practices to

make meaningful connections to disciplinary-based knowledge and skills. Her work has

provided valuable direction on how to engage the challenges of organizing for more

equitable futures through critical understanding of cultural diversity as a resource for

transformative learning.

Keywords Diversity � Social design experiments � Learning

Kris Gutiérrez began her career as an educational researcher, first as an undergraduate at

Arizona State where she focused on English and Reading Education and then at the

University of Colorado at Boulder where she was a graduate student in English and

Education. From these early days, one could see the seeds of the equity-oriented work for

which she has now become well known. At Boulder, she was active in re-organizing

programs for university students who were provisionally accepted at the university and put

on a ‘‘remedial’’ track. Her designs created ways for the students to build on their assets

and to learn in more powerful and expansive ways with each other. At the same time, as a

graduate student she was developing her expertise in literacy studies, research evaluation

methods, and the study of learning. From Boulder, she took her first tenure-track position at

the University of California, Los Angeles where she cemented her reputation as a scholar,

teacher, and activist. A former president of the American Educational Research
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Association, a member of the National Academy of Education and the National Board for

the Institute of Education Sciences, she then returned to the university where she began.

For all of these accomplishments, Gutiérrez was made the inaugural Provost’s Chair at the

University of Colorado Boulder.

I have crossed paths with Kris multiple times. When I was a postdoctoral scholar at

UCLA, Kris invited me to teach the course that was connected to Las Redes, the Fifth

Dimension afterschool program she designed to serve Latino elementary students in the

port of entry city of Los Angeles. This class was critical as a space for undergraduates to

make sense of theories of learning and their connections to children’s lives. I barely had a

moment to feel anxious about teaching the course before Kris handed me a box filled with

years’ worth of carefully developed activities and lecture notes. She suggested strategies to

jump start conversations and to help undergraduates question their assumptions about

language and cultural difference. Kris also told me that I was free to teach in whatever way

I thought best and to please add my ideas to the course box. In this early interaction, I

experienced the generosity, hands-on mentoring, and commitment to cultivating theoret-

ically informed practice that mark Kris as a scholar and teacher.

Fast-forward 10 years. Kris and I are now colleagues at the School of Education at

Boulder. In this context, I have been able to see close up how she translates her commitment to

collaboration and diversity into an inclusive leadership style. Kris has high expectations for

the academy and, daily, I am impressed by the fact that she never seems to tire in her work

toward making the university a better place for students and faculty to learn.

When one meets Kris Gutiérrez, it may take a minute to grasp that the funny and utterly

chic person in front of you is also one of the nation’s most influential researchers on

learning. Drawing on insights and methods from fields including anthropology, psychol-

ogy, linguistics, education, sociology, and Critical Race Theory, Gutiérrez has pushed the

boundaries of thinking in terms of who can learn, where, when, and how. In the following

pages, I discuss some of the interrelated areas in which Gutiérrez has made significant

impacts on the field of education broadly and the study of learning specifically.

Uncovering the cultural practices of non-dominant communities

Researchers of learning, particularly those coming out of the sociocultural and social practice

traditions, have productively critiqued a sole focus on cognition inside of the head because of

the negative consequences it has for learners who have not been viewed traditionally as

‘‘smart.’’ Such perspectives ignore the situations in which people participate, the tools they

use, and the reasons why they pursue particular goals and not others. In other words, these

theories of learning disregard the cultural contexts of social action. With Barbara Rogoff,

Gutiérrez further developed this critique of reductive views of learning by positing that culture

should not be thought of as a variable separate from cognition. Cultural practices, the day-to-

day activities inwhichwe routinely engageusing talk, tools, and interactionswith others in our

communities, should be understood as mediating human activity. Further, these practices are

not static, but develop, and continue to change, in historical context. In this discussion of

cultural practices, Gutiérrez and colleagues effectively link local actions in which individuals

engage to broader social issues, underscoring that these practices do not exist outside of power,

positioning, and ideology. As Gutiérrez and Rogoff (2003, p. 21) explain:

‘‘We are not arguing that group membership defined by ethnicity, race, and language

use is irrelevant. These categories have long-standing influences on the cultural
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practices in which people have the opportunity to participate, often yielding shared

circumstances, practices, and beliefs that play important and varied roles for group

members. People do not just choose to move in and out of different practices, taking

on new and equal participation in cultural communities.’’

To be able to see these practices and their consequences on access and opportunity, we

need to study communities’ histories of engagement in cultural practices. However, this

does not mean, that researchers should ignore the individual experiences of people. Taking

a humanist approach to the study of learning, Gutiérrez also urges us to understand who

people are, their stories, and the unique experiences and resources that have shaped their

worldviews. As she emphasizes with what she calls the ‘‘100 % piñata rule,’’ 100 % of

Mexicans do not hit piñatas 100 % of the time; individuals may belong to a particular

racial or ethnic group, but this membership does not define their every action. In fact, there

is greater variance within communities than across. For this reason, educational researchers

should view people and their communities with a bifocal lens, which can enable us to see

both the regularity and variance in their practices.

A cultural practices perspective requires researchers to put individual action into his-

torical, economic, social, cultural, and personal contexts. Although this approach has

general value for studying any community, it is particularly powerful for unveiling the

ways in which what Gutiérrez refers to as ‘‘non-dominant’’ groups (to emphasize their

positioning in relation to power) have been systematically discriminated against. The

approach for which she advocates requires shifting our focus from their presumed deficits

to their strengths.

Leveraging everyday forms of knowledge for transformative learning

When we take the view that people are complex beings who engage in multiple kinds of

social practices as part of different communities, we are confronted by the vast hetero-

geneity of our experiences. We know and value a variety of things in our everyday lives,

but in traditional school settings especially, it is often only our academic learning that

counts. From the cultural historical perspective that informs Gutiérrez’s view, this would

be described as the privileging of ‘‘vertical’’ forms of learning over ‘‘horizontal’’ forms of

knowing and doing (Engeström 1987). Gutiérrez pushes against this narrow conception of

what it means to be intellectually competent not only because it penalizes large numbers of

people who have not been traditionally successful in schools, but also because this view

does not present a complete view of what people do know and are capable of doing. In an

effort to remedy this myopia, she recommends that researchers consider the extensive

repertoires of practice that people develop in the multiple contexts in which they partic-

ipate. This can be accomplished through following people as they navigate in and across

activity settings as part of their daily routines or by investigating how social practices

travel through settings. In this way, it can become possible to capture ‘‘learning as

movement,’’ the possibility for people’s capacities and identities to shift as they engage in

diverse social practices across a range of contexts.

Gutiérrez’s long-term research on the Migrant Student Leadership Institute (MSLI)

which she directed at UCLA, provides a powerful example of how leveraging everyday

knowledge in academic settings can lead to transformative education. The MSLI was

designed to facilitate the participation of students from migrant farm-working backgrounds

in college. Unlike traditional instruction in which students from non-dominant
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communities are often not allowed to display their full intellectual capacities, the MSLI

model challenges this deficit orientation. As part of the learning ecology of the MSLI,

students are encouraged to ‘‘locate and re-locate’’ their experiences in relation to the social

theory, broad historical texts, and the local history of their communities that they study.

Rather than focus on their deficiencies as readers and writers, for instance, the students

took courses in which they read Paolo Freire’s (2000) Pedagogy of the Oppressed in order

to understand oppression and its impact on literacy practices. They developed scientific

literacy by investigating the health issues of their own communities. In these ways, the

students gained facility in high status, academic reading and writing genres as well as the

explicit development of socio-critical literacy skills. The program thus helped the students

to see themselves in a different way, not as members of a struggling class, but as young

agentic people who can successfully compete for admission to elite institutions of higher

education. Gutiérrez provides a glimpse into how this happens through the routine prac-

tices of the program:

‘‘…on any given day of the month-long program, if you were to drop into a social

science or writing classroom or listen in on conversations across the range of

practices that constitute life in the MSLI, the topics you would hear, the people

discussed, the issues raised, would usually be presented in a way that makes clear

how they are located in a history. You would begin to understand how a historicized

view of the educational and sociopolitical reality of migrant and immigrant com-

munities helps to incite a reframing of education, of oneself, and of one’s future

actions’’ (Gutiérrez 2008, p. 154).

Gutiérrez describes what happens at the MSLI as creating a ‘‘collective zone of prox-

imal development’’ in which the migrant students engage with the tools of the program and

their instructors to craft understandings of themselves as empowered, historical actors. In

this extension of Vygotsky’s original concept, Gutiérrez underscores a focus on historicity

and collective social dreaming about ‘‘the world as it is’’ and the ‘‘world as it could be’’

(Gutiérrez 2005).

Designing robust ecologies for learning

Understanding how activity settings, tools, and social theory can be drawn together pur-

posefully to create sites for expansive learning directly shapes Gutiérrez’s work on the

MSLI. She describes the intention behind such interventions as ‘‘social design experi-

ments,’’ an approach to doing design research that values the use of ethnographic research

that is oriented towards creating sustainable forms of social change. Unlike other

approaches to educational design, social design experiments, start with a historicized

understanding of the phenomena under consideration, collaboration with members of the

target community to understand problems of practice, and from there, introduce new

mediating tools, social relations, and practices that aim to provoke transformation in the

organization of learning in an activity system.

An example of a social design experiment focused on expansive learning for children

and adults is Gutiérrez’s afterschool clubs. Modeled after the Fifth Dimension clubs

developed by Michael Cole (2006), Gutiérrez uses her clubs, Las Redes (in California) and

El Pueblo Mágico (in Colorado) to develop powerful pedagogical arrangements for

engaging children from non-dominant communities.
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As a direct challenge to the deficit orientations that predominate U.S. schools, the

afterschool clubs are built on a foundation of diversity and inclusion. Children and adults

are encouraged to draw on multiple languages, genres, and cultural resources as they

engage in club activities; in fact, this polylingualism is privileged in this space. Code-

switching between Spanish and English, the blending of everyday and academic reasoning

to understand concepts, and the blurring of distinctions between play and work are routine

features of participants’ interactions.

This intentional hybridity is meant to facilitate the emergence of expansive learning

opportunities in which participants can develop new ways of understanding content as well

as themselves as learners. Gutiérrez has called these powerful meaning making moments

‘‘third spaces,’’ where alternative or competing types of discourses intersect so that their

differences do not divide them, but rather come together to transform conflict into sites for

joint inquiry. Hybridity is an essential component of Gutiérrez’s design for the clubs, but it

is not sufficient.

Similar to the MSLI, the afterschool clubs invite learners to engage in tasks that are

challenging and rigorous, that ratchet up what children can do while providing a variety of

kinds of assistance. For example, the tasks at El Pueblo Mágico include designing video

games using computational modeling software, creating digital stories that integrate video,

music, and narrative, and writing and sending electronic letters to a cyber Wizard. These

activities demand higher-order thinking skills like planning, reasoning, and reflection while

simultaneously inviting children to use their creativity and imagination. The undergradu-

ates who attend the site as part of the associated course on learning theory help the children

by asking questions, suggesting ideas, and re-organizing the tasks to be done, and they

approach the activities as co-problem solvers rather than teachers. Through this shifting of

the usual social organization of learning between adults and children, the participants are

on a more equal footing than they would more typically be in classrooms. This shifting of

ordinary power relations between children and the participating undergraduates, facilitates

new ways of imagining how to be a learner and a teacher.

Both Gutiérrez’s afterschool clubs and the MSLI are oriented toward trajectories that do

not yet exist, but that are being developed through careful and collaborative designs. It is

here where social design experiments have their greatest potential. In their attention to how

contexts of development have been produced and can be re-organized for more equitable

outcomes, this approach offers an empowering and ecologically valid method for analyzing

and promoting learning.

Cultivating a new imagination for education policy

Gutiérrez’s research findings on learning and literacy in formal academic and out of school

settings are consequential for students and teachers, especially those who serve learners

from non-dominant communities. Three main categories of policy implications derive from

her work.

The first relates to the need for educators to develop multidimensional representations of

non-dominant communities, their practices, and the contexts that contribute to the chal-

lenges they face. By creating portraits of communities that capture their dynamism, while

simultaneously taking into account their histories, we can better understand the near and

distal factors that shape current situations. Further, for policy makers, school administra-

tors, researchers, and educators to understand the situations that children and youth face,

they need to appreciate their everyday, lived experiences rather than working off of
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stereotypes and static views of ethnic, racial or linguistic groups. Following Gutiérrez as a

model, educational researchers would be wise to draw upon the insights and methods of

multiple disciplines to investigate and design potential solutions for the complex problems

that face communities. A challenge is sharing these stories in ways that capture nuances

without seeming overly complicated (or academic) so that they can be used to guide action

and equity-minded transformation. As Gutiérrez has explained, educators should be the go-

to people for policy makers, but this is not currently the case. One way we can do this is to

write in ways that are both theoretically grounded and practically oriented. Another is to

work closely in communities so that we are not doing research on them, but with them.

This can make our research meaningful to communities and relevant to the problems with

which they struggle.

A second implication for policy that comes from Gutiérrez’s research relates to how we

design learning situations to ensure that everyone has the opportunity to be ‘‘smart.’’

Building on her view of the complexity of communities, we need to create solutions that

consider problems holistically—that is, as products of history, economy, language hier-

archies, immigration patterns, race and gender inequities (to name but a few contexts of

potential relevance). Towards this end, Gutiérrez advocates for the ‘‘re-mediation’’ of

functional systems. By this she means that we must attend to how situations are socially

and culturally organized to produce particular outcomes (e.g., smart/incompetent students)

and how we might re-organize them by introducing new practices, tools, and forms of

assistance. The term re-mediation (Griffin and Cole 1984), which Gutiérrez uses to

describe this process, draws upon the central concept in sociohistorical theory of ‘‘medi-

ation,’’ which is the idea that all human action is social and is shaped by the use, creation,

and interpretation of cultural tools. Locating her views on how to improve education within

this framework, Gutiérrez pushes against the limiting views of ‘‘remediation’’ that inform

approaches to education that center on correcting students as if they are in need of repair.

Re-mediation emphasizes the potential inherent in re-organizing situations so as to re-

organize thinking and action.

Examples of what this might look like can be found in Gutiérrez’s social design work

with the MSLI and her Fifth Dimension clubs. It is also evident in the work of scholars

including Megan Bang and the Cheche Konnen research team.

The third implication of Gutiérrez’s research encompasses the first two: learning must

be at the center of policy making. Learning, as Gutiérrez has argued and demonstrated in

her research, is more than what schools commonly emphasize. Abstract thinking and

decontextualized reasoning often associated with disciplinary knowledge are an important

part of learning, but they are not all there is. For policies to make a positive impact on

children’s learning, policy makers must be aware of the new science of learning and its key

tenets (Meltzoff, Kuhl Movellan and Sejnowski 2009). To put it succinctly, in addition to

happening in classrooms, learning takes place in and across the multiple practices in which

people participate—as family members at home, as farmworkers, as players on sports

teams, as parishioners at church. These different forms of identity and engagement shape

what people know, value, and come to desire for themselves and their communities.

Ignoring these practices puts learners, particularly those from non-dominant communities,

at a disadvantage in schools. It disallows opportunities for personal and community his-

tories to become meaningfully intertwined with ideas studied in classrooms. As Gutiérrez

has articulated in the design of her afterschool club in Colorado (El Pueblo Mágico), this is

how deep learning is facilitated: when horizontal forms of knowledge (e.g., what one

knows from everyday life) ‘‘grow into’’ vertical forms of knowledge (e.g., disciplinary

knowledge).
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Comprehensive and empirically grounded perspectives on learning must guide how

policy makers develop decisions about valid forms of student/learner assessment, funding,

curriculum, and out of school programming. With her roles on numerous national panels

and committees including President Obama’s Transition Education team, Gutiérrez has

positioned herself to ensure that policy makers attend to the complexities of learning and

the requirements for creating a more equity-minded society.

Developing new researchers of learning

In the previous pages, I have presented Gutiérrez as an outstanding scholar, attuned to the

need for research to address the current demands of society as well as to speak to its future.

Part of that visioning requires developing researchers who have the skills, dispositions, and

imagination to help us make the world in which we want our children to thrive. With that in

mind, Gutiérrez takes the work of teaching and mentoring—of undergraduates, graduate

students, and junior faculty—very seriously. She is an award-winning instructor who

continuously revises her courses and classroom practices to engage students in the

authentic activities of research, design, and teaching. She is also a distinguished mentor,

who has served as an official mentor through the Spencer Foundation and the American

Educational Research Association among other organizations, to help students and faculty

to hone their research skills while also crafting their research identities.

Gutiérrez’s commitment to diversity and equity shines through in the inclusive manner

in which she identifies and nurtures talent. As her research agenda implies, the problems of

education require researchers with varied disciplinary backgrounds, theoretical orienta-

tions, and methodological approaches (Erickson and Gutiérrez 2002). With a more

expanded toolkit to guide our inquiries, we have a greater capacity for seeing individuals’

repertoires of practice as assets for their learning. Gutiérrez would also argue that the

academy should strive to include excellent faculty and students from different cultural,

linguistic, racial, and socioeconomic backgrounds. Developing a diverse cadre of educa-

tional researchers can help us to appreciate alternative perspectives, collectively imagine

different kinds of futures, and create more robust designs for learning.

Kris Gutiérrez’s contributions to the field of education have been significant in leading

researchers to think in more dynamic, theoretically grounded, and innovative ways about

the nature of learning. I count myself as very lucky to have learned from Kris as a

postdoctoral scholar who was just starting out as an academic and now as a tenured faculty

member striving to figure out how to advance my field of the Learning Sciences in ways

that best serve our increasingly diverse student populations. Kris has modeled for me how

to be a faculty member who is what universities call ‘‘triple hitters’’—her work blends

research, teaching, and outreach in innovative, important, and meaningful ways. What is

more important than this is that she has also shown me how to do this with great care and

respect for those with whom she works.
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Abstract A key goal of science and engineering education is to provide opportunities for

people to access, interpret, and make use of science and engineering to address practical

human needs. Most education research, however, focuses on how best to prepare students

in schools to participate in forms of science and engineering practices that resemble those

of disciplinary experts. In this paper, I argue that education research is needed that focuses

on how people use science and engineering in social practices as part of collective efforts

to transform cultural and economic production. Drawing on social practice theory, I argue

that learning inheres in such activities, not only because people access and make use of

science knowledge and develop repertoires for participating in science and engineering

practices, but also because participation in such activities transforms the ways that people

imagine themselves and expands their possibilities for action. Research can inform and

support these efforts, both directly and indirectly, by giving an account of the conditions

for science and engineering learning and by diagnosing inequities in access to science and

engineering for addressing pressing human needs.

Keywords Social practice theory � Science � Engineering � Production

Studying science and engineering learning in practice

Nearly two decades ago, Ray McDermott and Vicki Webber (1998) posed the question

‘‘when is math or science?’’ They intended this question to provoke their assembled

colleagues in mathematics and science education to pose broader questions than simply,

‘‘What should children learn?’’ and ‘‘How should we teach that content?’’ Instead, they

recommended that mathematics and science education researchers focus on what kinds of
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interactions or events are defined as scientific or mathematical, by whom, and with what

consequences? They argued that mathematics and science education researchers should

also ask when and for whom do classroom experiences intersect systematically with the

everyday lives of children, as well as how children are given access to the practices and

products of disciplinary inquiry and their consequentiality.

These questions presume that a key goal of science education is to provide opportunities

for people to access, interpret, and make use of science and engineering to address practical

human needs. Importantly, the questions do not spring from an assumption that the primary

goal of science education is to produce future scientists and engineers. Instead, efforts to

improve science and engineering learning can target other goals, such as helping indi-

viduals to become a ‘‘competent outsider’’ who is capable of bringing science to bear in

facing practical problems of daily life and supporting others in doing so (Feinstein, Allen,

and Jenkins 2013). Or, such efforts can aim to support participants in making use of

science in campaigns to improve social conditions, economic opportunity, and/or eco-

logically sustainable resource use in communities (e.g., Roth and Barton 2004). From this

perspective, classrooms may be sites of science and engineering learning, but so, too, are

homes, cultural institutions such as museums and zoos, and public forums of various kinds

(National Research Council 2009).

In this paper, I argue for the importance of studying science and engineering in practice,

specifically within collective activities aimed at transforming forms of cultural and eco-

nomic production. Drawing on social practice theory, I argue that learning inheres in such

activities, not only because people access and make use of science knowledge and develop

repertoires for participating in science and engineering practices, but also because par-

ticipation in such activities transforms the ways that people imagine themselves and

expands their possibilities for action. Research can inform and support these efforts, both

directly and indirectly, by giving an account of the conditions for science and engineering

learning and by diagnosing inequities in access to science and engineering for addressing

pressing human needs.

The distinction between research focused on science as practice and science in practice

is important. Focusing on science as practice as a goal of science and engineering edu-

cation—somewhat by necessity—foregrounds particular images of what is essential or

stable about mature practices of professionals in the disciplines. I say ‘‘by necessity’’

because standards require the specification of practices at a level of generality that masks a

diversity and historicity of actual practice in order to serve as an effective guide for the

design of curriculum and assessments in schools. This focus, not surprisingly, leads to

research questions about how best to induct participants into those practices, whether by

teaching, apprenticeship, or other means. Focusing on science in practice, by contrast,

foregrounds peoples’ contributions to everyday social practices and asks how science and

engineering figure in and are developed through those social practices. It leads to questions

about how people participate in such practices, what roles they take on, and how and when

their participation helps to create better lives for themselves and others in their

communities.

Learning and becoming in practice from the perspective of social practice theory

In this paper, I draw on ideas about learning developed within social practice theory,

particularly those of Jean Lave, Dorothy Holland, Martin Packer, and Ole Dreier. These

particular theorists draw on the writings of Lev Vygotsky and other cultural-historical
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activity theorists, as well as on critical theory. At the same time, their emphases are distinct

from other CH/AT theorists and many critical theorists in the ways that they foreground the

mutual constitution of persons and practices through activity. For my purposes, the

foregrounding of persons and practices’ mutual constitution is valuable, because it helps

overcome the tendency in educational research to focus on how persons apprentice to

practices that are positioned as stable and decontextualized. Below, I elaborate on the core

ideas of social practice theory that inspire the vision for science and engineering education

research focused on analyzing learning in practice I describe more fully later in the paper.

Persons and practices are mutually constituted

Social practice theory is first and foremost an account of the production of social life

(Dreier 2008). Social practice theorists’ accounts answer the question, ‘‘How are lives,

persons, and practices produced in ongoing everyday practice?’’ (Lave 2012, p. 157). Their

accounts do not provide generic answers to that question, however. Instead, social practice

accounts trace the production of lives, persons, practices in particular times and places

(Holland and Lave 2009).

From the perspective of social practice theory, persons and practices are mutually

constitutive (Packer 2010). That is to say, the forms of life in which we participate ‘‘make’’

us into certain kinds of people, when we make use of the tools and identities that practices

make available for us to take up. At the same time, we help organize these practices by

taking up, resisting, and adapting identities and tools that are available to us. Neither

practices nor persons can be reduced to one another; nor can practices be viewed as

‘‘factors’’ that shape individual development. Rather, there is a ‘‘productive tension’’

(Wertsch and Penuel 1996) between person and practice, one best characterized by viewing

them as mutually constitutive.

The work of mutual constitution unfolds over time and across space. Practices do not

stand still, nor do people. Practices change when they are produced in different places

concurrently, and persons change over time and as they move across different places (Lave

2012). At the same time, persons face dilemmas related to how to participate in practices

and do not always find movement across settings either possible or fluid. Locally, persons

sometimes contest the objects and forms of social practices, though these struggles are

always connected to larger historical, political, and economic struggles. As Dorothy

Holland and Lave (2009) argue, ‘‘local practice comes about in the encounters between

people as they address and respond to each other while enacting cultural activities under

conditions of political-economic and cultural-historical conjuncture’’ (p. 3).

Learning and becoming are aspects of changing participation

Social practice theory considers learning and becoming as integral aspects of participation

in any form of social practice, regardless of the object of activity. Learning, as defined in

social practice, is the transformation of participation in practices that are themselves

changing (Lave 1993). Participation in social practice, moreover, necessarily involves

more than simply acquiring knowledge; it involves processes of identification that in turn,

present opportunities for participants to become certain kind of people in activity (Lave

and Wenger 1991).

A social practice account of learning is first and foremost descriptive and analytic,

rather than prescriptive (O’Connor 2003). That is, it does not prescribe specific ways to go

about the work of structuring resources for learning, but it seeks to critically examine
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different ways that people do go about that work. Social practice theorists use three broad

foci for analyzing this work as forms of learning and becoming, as well as anything

claiming to be a theory of learning and becoming (Lave 1996). First, the analysis should

focus on the telos, that is, the direction or movement or change of learning. The telos does

not need to be stipulated ahead of time, or from above as policy makers in education often

attempt to do. Instead, it can emerge as people move along a trajectory or pathway.

Second, the theoretical and analytic focus should be on the person-world relation. Here,

social practice theories differ from constructivist theories in education, in that the latter

posits how people come to know as a problem of overcoming the ontological distinction

between self/mind and world, where as in the former, person and world are mutually

constituted (Packer and Goicoechea 2000). Third, the analysis should focus on learning

mechanisms, or the ‘‘ways by which learning comes about’’ (Lave 1996, p. 156).

Even though they are not prescriptive, social practice accounts are critical and eman-

cipatory in their purpose and research is understood to be a form of intervention (Packer

2010). A core assumption is that although it is possible to organize social practice to

produce access to valued social futures for nearly all participants in practice (e.g.,

apprenticeship practices described in Lave and Wenger 1991), many social practices also

produce failure and limit access to valued social futures. The practices of schooling in

capitalist economies are a good example: they produce test scores and certifications that

stratify persons and provide access to some—but not all—people for further education and

potential for meaningful, well-paying work (Varenne and McDermott 1998). The practices

of classifying students in ways that are consequential for their immediate and more distal

futures begin early for some students, when they are first labeled as having some kind of

disability (McDermott 1993). For others, restriction of access to valued social futures

becomes apparent later in their schooling careers, when they discover that access to higher

education and the workforce is limited by their legal status as immigrants (Gonzales 2011).

A critical, emancipatory account of learning and becoming attempts to diagnose or uncover

the ways that social practices may be neither benign nor equitable in the ways that they

provide for or restrict access to possible futures through the labeling and certifying of

persons as successes and failures (O’Connor 2003).

Analyses of social practices require tracing their production in time and space

The production of social practices in time and space is an important part of an analysis of

learning and becoming. As people become and learn over time and across space, they are

also ‘‘putting into motion’’ (Lave 2012) social practices themselves through participation

in them. Learning in practice also frequently requires people to adapt to changing historical

circumstances and in relation to changing spatial arrangements within and across social

practices (Dreier 2008).

In local interactions, particular social practices and their linkages to other practices and

contexts are always partly reproduced and partly transformed (Powell and Colyvas 2007).

This is so, in part because

[s]everal constellations of participant actions are possible in any context, and the

realization of a specific constellation of actions leads to a particular re-production

and change of the context and to particular outcomes for (some) participants. (Dreier

2008, p. 24)

Packer (2010) calls the analytic task of investigating how people partly reproduce and

partly change context ‘‘tracing the work of ordering.’’ Tracing the work of ordering is a
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process by which researchers seek to explain how this order has come to be, as well as how

that order changes as people recruit and mobilize other people, tools, and practices to

implicitly or explicitly transform those orders (Callon 1986). From this perspective,

communities of practice are not viewed as containers of qualities, but rather as dynamic

intersections of people, tools, and activities that can be characterized in terms of trans-

formations, networks, and pathways (Leander, Phillips, and Taylor 2010).

Place is implicated in the work of ordering. Making place focal within analyses of

social practices requires we pay close attention to, for example, the social and spatial

configuration of access to valued educational opportunities that are likely to be con-

sequential in the educational careers of students (Oakes and Lipton 2002). Likewise, we

need to attend to how power operates through the deployment of larger cultural and

political frames for action to shape the organization of schooling and access to

opportunities to learn (Hand et al. 2012), and to how people construct places specifi-

cally to contest dominant frames for meaning making (Gutiérrez 2008). Finally, we

need to inform and support placemaking efforts that use community-based, participatory

approaches to create more enjoyable, equitable, and participatory learning opportunities

(Sutton and Kemp 2002). Many such efforts may require us to grapple with more than

just contemporary claims of ownership to particular places, but also to historical dis-

placements of people from lands they consider sacred and as belonging to the com-

munity (Bang, Warren, Rosebery, and Medin 2012).

Diagnosis of inequity requires analyzing how access to practices is organized

Analyzing inequities requires a diagnosis of how access is organized both within social

practices and across social practices (Hand et al. 2012). Within social practices, critical

analyses of participation can focus on how persons are positioned as contributors to

activity (Harré, Moghaddam, Cairnie, Rothbard, and Sabat 2009), layers of voice and

silence with respect to the direction and form of the practice (Star and Strauss 1999), and

equity with respect to opportunities to transform roles within activity (Kirshner 2008).

Such analyses may reveal ways in which particular arrangements within social practices

are intended to be equitable and inclusive in fact reinforce historical inequities and

exclusions (O’Connor, Hanny, and Lewis 2011).

Theories of social reproduction, which often draw from another tradition of social

practice theory in sociology (Bourdieu and Passeron 1977), emphasize the structural

linkages between the practices of schooling and broader practices that help to maintain

social, political, and economic inequality in capitalist societies. The social practices in

which researchers build theories of learning, too, are implicated in these practices and in

economic theories. As Lave and McDermott (2002) observe, ‘‘ideas of learning, intelli-

gence, creativity, genius, stupidity, and disability have developed in tandem with ideas

about production, consumption, exchange, and distribution’’ (p. 21).

At the same time, there are consequential separations between school practices and

work practices. In most Western countries today, children are purposefully segregated from

the mature activities of their communities by placing them in schools during work hours

(Rogoff 2003). School learning, as a consequence, becomes ‘‘encapsulated’’ or separated

from other meaningful activities and subservient to larger societal goals of certifying the

accomplishment of some (but not all) learners (Engeström 1991). Rendering school

learning more meaningful and giving them access to work practices (such as those of

scientists and engineers), requires strategies for breaking down the barriers between school
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activities and mature sociocultural activities, for making visible, accessible, and personally

relevant the knowledge, skills, and practices of those mature activities.

If school is both separate and not separate from other institutions and practices and

implicated in the reproduction and transformation of inequities, a social practice diagnosis

of inequity requires us to analyze in what ways are person’s opportunities mediated in and

by complex relationships between school and broader practices. This includes a focus of

persons’ different positions within practices and how these change over time. It also

requires an analysis of the spatial arrangements of practices, and how complex networks of

persons, tools, and practices constrain persons’ participation in placemaking activities.

One approach to diagnosing inequity with respect to participation in and across social

practices is to employ ethnographic methods for ‘‘following the person’’ across different

settings. Researchers who use such methods have produced rich and layered accounts of

how different institutions restrict access to learning opportunities by limiting participation

in particular practices and by valuing some forms of learning and support but not others

(Bang and Medin 2010). They have also documented ways in which persons’ and groups’

efforts to break past ways others identify them—whether by deflecting demeaning repre-

sentations or embracing new forms of self-identification, can be thwarted by others’

misrecognitions (Penuel and Wertsch 1995). Such accounts have also traced how, by

participating in certain forms of practice, persons become implicated within networks of

other people, tools, and activities in ways that circumscribe their agency, even within

activities in which the object is to create more equitable opportunities for participation in

practice (Roth 2010).

This same approach of following the person across settings can also be used to give an

account of how people successfully adapt their knowledge, skills, interests, and identities

across different settings as they engage in everyday, routine activities to create ‘‘con-

nected’’ or extended pathways for themselves and others (Bell, Tzou, Bricker, and Baines

2012). Such analyses focus both on the agency that people exercise within particular

settings of practice and on the social supports learners rely upon for guidance and for

brokering access to other settings (Barron 2010). Alternately, these analyses may focus on

how groups of people re-make places into ‘‘third spaces’’ that employ both familiar cultural

repertoires for participating in social practice and new repertoires that might be recog-

nizable to disciplinary specialists (Gutiérrez 2008).

In what follows, I consider how an analysis of social practice can inform the study of

science and engineering learning. I provide some examples of analyses that have been

undertaken using social practice theories to interpret concerted efforts to transform activity

in communities. Before doing so, however, it is necessary to elaborate on why I focus on

activities of everyday people, not professional scientists, to change their worlds, as a

context for science and engineering education research.

Studying science and engineering in and as practice

Science and engineering practices are particular forms of social practice. Just as other

social practices do, they change over time, along with the institutions that sustain them.

They differ, too, in the material ways that they are ‘‘emplaced,’’ that is, in the kinds of

spatial arrangements that define the work of science and engineering in different settings,

whether in universities, in the field, or outside academic settings altogether. Scientific

communities are linked through particular institutions (e.g., universities, professional

societies), and there are spaces where members of different scientific communities meet
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and engage in joint work (Galison 1997). Science and engineering practices also produce

or require persons with particular kinds of dispositions, knowledge, skills, and identities.

As feminist and Indigenous critiques of science and engineering practices have pointed out,

science practices are not entirely benign, in their organization of access to participation and

in their effects on persons, cultures, and the natural environment (Keller 1985).

Over the years, science and engineering education policy and research has embraced

certain aspects of this understanding of science and engineering practices, but not others.

As Margaret Eisenhart, Elizabeth Finkel, and Scott Marion (1996) observe, the first gen-

eration of science standards in the United States embraced an ideal of providing students

with access to science practices as part of science education. At the same time, they note,

those standards considered science practices as essentially benign and provided no analyses

of systemic inequities in access to science practices or within science education class-

rooms. Because policy makers failed to diagnose inequities in access, they predicted that

those standards and the policies that designed to support standards implementation would

fail to attain their stated ideal of ensuring that all Americans grew up to be scientifically

literate.

The Next Generation Science Standards (NGSS; National Research Council 2013) are

informed by a more nuanced conception of science and engineering as distinct forms of

social practice and by explicit naming of inequities that must be addressed to provide

access for all students to science and engineering practice. The Framework for K-12

Science Education (National Research Council 2012), which served as a guide to standards

developers, describes science and engineering practices in ways that are directly informed

by social studies of science in recent decades and locates scientific communities within

‘‘the larger social and economic context of their place and time, and are influenced by

events, needs, and norms from outside science, as well as by the interests and desires of

scientists (p. 3). The Framework also speaks explicitly about inequities produced through

limiting access to students’ opportunities to learn in schools based on socioeconomic class,

racial or ethnic group, gender, language background, disability designation, or national

origin (National Research Council 2012, p. 280). It names accountability pressures placed

on teachers to focus on mathematics and reading as unfairly limiting primarily opportu-

nities to learn science among youth from nondominant communities. It also calls for more

inclusive science instruction that ‘‘build[s] on students’ interests and backgrounds so as to

engage them more meaningfully and support them in sustained learning’’ (National

Research Council 2012, p. 282).

The new standards also provide an opening for exploring how science and engineering

address fundamental human needs, in that they call on students to engage in designing and

testing solutions that address major dilemmas facing humankind today, such as anthro-

pogenic climate change. The addition of engineering and technology to the science stan-

dards is particularly significant in this regard. The Framework (National Research Council

2012) is clear that engineering practice ‘‘begins with a problem, need, or desire’’ (p. 50)

and ‘‘success is measured by the extent to which a human need or want has been

addressed’’ (p. 48). Specific performance expectations in the NGSS (National Research

Council 2013) also call for students to define problems in ways that take into account

‘‘relevant scientific principles and potential impacts on people and the natural environment

that may limit possible solutions’’ (MS-ETS1-1; p. 86) and evaluate solutions in light of ‘‘a

range of constraints, including cost, safety, reliability, and aesthetics, as well as possible

social, cultural, and environmental impacts’’ (HS-ETS1-3; p. 86).

These openings to address diversity and to foreground how science and engineering

address human needs are significant advances for policy, because they call attention to the
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ways that science and engineering figure in social practices. But it would be easy for

science and engineering researchers to miss the significance of the addition of diversity and

engineering as foci for education reform. Much of the education research that informed the

development of the Framework and the NGSS focused on identifying strategies that pre-

pare students to engage in forms of practice that are similar to those of practicing scientists

and engineers (e.g., Duschl and Osborne 2002). Far less research in science engineering

education has focused on how people access and make use of science knowledge and

engineering practices to solve the kinds of problems identified in the Framework and

NGSS. We know far too little today about how people learn to use science and engineering

in practice to support key elements of the vision of the Framework.

Focusing more attention in science and engineering education research on the study of

science and engineering in practice can accomplish several related aims. First, such

research can provide fundamental insights to learning as it happens in everyday practice. In

this respect, studies of how people access and use science and engineering to solve

everyday problems is a form of basic research on learning, one that describes how thinking

and problem solving unfold in social practice, that is ‘‘in the wild’’ (Hutchins 1996).

Second, such research can serve to identify specific interests and experiences of com-

munities that can be developed within diverse institutions devoted to supporting learning,

including schools. In this respect, such research can help diagnose inequities with respect

to how and where people access and make use of science and engineering. Third, through

conducting more research on science and engineering in practice, we can discover new

ways as researchers to inform and participate in efforts in communities to transform social

practices. We have much to learn from finding new ways to relate to the world of everyday

practice, since the predominant way that we organize research and development is as

leaders of those efforts, not as participants alongside others.

A strategic focus on science and engineering in efforts to transform cultural
and economic production

People access and make use of science and engineering as part of their participation in a

wide range of social practices. I argue that if we want to see how people use science and

engineering as tools not just for social, cultural, and economic production but also for

transformation, then we must choose settings where such transformations are evident.

Collective activities focused on transforming cultural and economic production offer

particularly useful contexts for studying science and engineering learning in practice. They

are useful contexts for several reasons. For one, they are sites in which nondominant

groups name and directly contest their restricted access to valued social and cultural goods

(including education) and to material necessities (such as food). As such, these sites allow

researchers insight into the linkages and separations between social practices and the

organization of access to particular social practices. Most activities focused on trans-

forming cultural and economic production entail elements of design, a fundamental

practice of engineering. That is to say, transforming production requires the development

of different forms of engagement with material tools of different kinds, and insofar as

design involves ‘‘a conversation with the materials of a situation’’ (Schön 1992). Third,

insofar as transforming production requires invention and development of new practices, it

is an important site of learning and becoming. Studying efforts by people to transform

production, more specifically, affords an opportunity to observe expansive learning, that is,

a collective activity that produces new forms of activity and expands the agency of
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participants in activity (Engeström and Sannino 2010). Participation in social movements

also entails becoming new kinds of persons in practice: scholars of social movements have

long recognized that participation in social movements is shaped by persons’ identifica-

tions and in turn shapes their identities (e.g., Gamson 1991).

Not all activities afford equal opportunities to learn about how people access and use

science knowledge and engineering practices to transform production. In addition, it is

critical to study participation within particular sites, and at particular historical ‘‘moments

of practice’’ (Holland and Lave 2009). I focus here on two sites where the connections

between science and engineering and a broader effort to transform communities are both

clear and explicit. For each site, I describe some of the questions that could that could be

pursued through a systematic study of the ways that participants access, use, and develop

science and engineering in practice.

Where can we study science and engineering in practice?

I describe briefly two studies of learning within efforts to transform production within two

urban neighborhoods. They illustrate the kinds of science and engineering research studies

that I claim can advance our understanding of science and engineering learning in practice.

Notably, they are neither studies of classroom learning, nor studies of single programs.

Instead, they are intentional, collective efforts to re-imagine more just, equitable social

futures. In both studies, researchers are participants in the endeavor and are engaged in

efforts to trace their own participation in transforming production.

Expanding mobility in participatory urban planning

The first study (Taylor 2013; Taylor and Hall 2013) was a social design experiment

focused on spatial justice. Campaigns and projects for spatial justice combat inequities in

the spatial distribution of valued resources in communities, including infrastructures for

education, transportation, and cultural life (Soja 2010). As with other social design

experiments, a key purpose in conducting the study was to expand the agency of partic-

ipants through the production of new forms of social practice (Gutiérrez and Vossoughi

2010). In this project, researchers worked collaboratively with a leader in a local nonprofit

organization to engage youth in an effort to expand youth’s mobility within and across

their neighborhood. Their research describes how young people come to know about and

imbue particular places with meaning, and it also describes ‘‘how people exert ownership

of and agency within a geography of which others may have designs’’ (Taylor 2013, p. 5).

The researchers took care to situate their project and its significance in both time and

place. They note in their accounts of the social design experiment that the neighborhood

had become a ‘‘mobility desert,’’ in which there were few safe or easy transit routes within

the neighborhood or that connect it to other areas of the city. They noted, too, that this

situation was the product of urban planning and spatial injustice. Planners broke up the

social and spatial cohesion of the neighborhood, when multiple freeways were built in the

1950s and 1960s as part of the federal Interstate Highway System. At that time, the

neighborhood had a vibrant African American community, and older residents recall a time

when there was more ease of movement within the neighborhood. Residents, however, had

little voice in where highways were placed, and over the years have had only a limited

influence on planning in their neighborhood. At the time Katie Headrick Taylor and Rogers

Hall’s (2013) study began, new efforts by the city to expand involvement of residents in

neighborhood development were underway.
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The researchers and youth leader together organized a network of practices and tools to

facilitate young people participating in planning for their neighborhood’s future. For one,

they incorporated a successful existing program for youth into the social design experi-

ment, a Bicycle Workshop. In the Workshop, youth repair a donated bicycle, and when

they have completed the repairs, they can keep the bicycle. As part of the Workshop, youth

also participate in a series of workshops where they learn about bicycle repair and safety,

and they must complete a ‘‘safety ride’’ before taking their bicycles out on their own. For

the social design experiment, the researchers provided young people with technologies that

would document their movement on bicycles that that could help them to map these

movements. Youth carried GPS loggers and helmet-mounted video cameras on rides they

took around their neighborhood and beyond, and they then created maps using Google

MapsTM and Google EarthTM that depicted their movements across time and space. On one

layer of the map, youth also represented hoped-for future cityscapes, in the form of bike

lanes along routes that they planned to take in the future.

Researchers used these mapping tools to engage participants in the social practice of

counter-mapping. Counter-mapping involves practices of laying claim to existing com-

munity assets that can be used to support future community development along a trajectory

envisioned by residents rather than outsiders (Wood et al. 2010). In Taylor and Hall’s

(2013) social design experiment, youth collected information about the locations of par-

ticular assets and qualities of particular places, created maps that depict these aspects in

personally relevant ways, and then used the maps to make and justify claims about how

those assets should be used or developed over time.

A key way that the researchers studied changing participation in practice over the

course of the experiment was by investigating the expansion of young people’s mobility as

a telos for learning. They documented the ways that both youth and adult residents were

‘‘concerned with movement—with pathways—as those are the on-the-ground resources

that facilitate physical mobility to important places’’ (Taylor 2013, p. 10). They investi-

gated with youth the ways that bicycles facilitated their movement within the neighbor-

hood, as well as transportation to other neighborhoods, by investigating and interrogating

maps of their rides. They documented the ways that particular young people re-imagined

spaces in ways that would facilitate movement not just within their present day-to-day

routines, but within imagined future routines. For example, they describe one high-school

aged young woman’s account of her decision to propose a bike lane to the local university

she hoped to attend (Taylor and Hall 2013, pp. 68–69).

In their analysis and experiment, researchers kept focal the ways that young people’s

access to practices of urban planning and design were restricted and acted to broaden their

access. The researchers had conducted an ethnographic study of a participatory urban

planning process within the neighborhood prior to their social design experiment. They

noted that youth voices were not included in this process, and planners only responded to

some adult resident voices. In particular,

…highly critical, past time accounts of how the city neglected or even harmed

Woodbridge (e.g., building an interstate highway through residential and commercial

spaces) had little uptake in planning processes that were oriented towards analyses of

existing conditions for future development. (Taylor 2013, p. 11)

The researchers organized counter-mapping activities with the explicit purpose of

providing young people with access to forms of analyses that planners might hear and take

up. They wanted the practices they supported in the social design experiment to have a

close resemblance to adult practices of spatial analysis and modeling used in urban
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planning. Moreover, they organized meetings with community planners and other stake-

holders to share their maps and visions for the future.

What makes this a particularly compelling example of studying science and engineering

in practice is that researchers are focused on a collective effort to improve the quality of

life in a neighborhood. They take up residents’ aims for change as their departure point,

and they support these aims by creating new hybrid practices that are linked to both

familiar and unfamiliar, but powerful social practices. They leverage the material expan-

sion of youth’s mobility, accomplished through the Bicycle Workshop, to extend ways that

young people make sense of and re-imagine the spaces of their everyday routines.

Science and engineering figure prominently in the design, not as practices isolated from

their particular contexts, but located within a network of practices in a specific time and

place. The social design experiment prepared young people to participate in a specific

effort to engage youth in planning in their neighborhoods, and the researchers not only

organized access to the tools for engaging in that practice, they also organized direct access

to the practice, giving young people the chance to influence the planning process in their

neighborhoods. Their documentation of this effort shows careful attention to the ways that

the linkages and separations of practices, as well as brokering across practices, are key

aspects of science and engineering learning in practice.

Learning as organizing in the food movement

As a second example, I describe research conducted between 2011 and 2012 that inves-

tigated learning within the food movement. My colleagues at the University of Colorado

Boulder are leading the study. In contrast to the social design experiment described above,

their role in the study described here is principally ethnographic, and their focus is on how

people and practices are constituted in the context of collective efforts to transform the way

food is produced, distributed, and consumed in a single neighborhood. My description of

their study relies on an unpublished manuscript they have generously shared with me

(Jurow et al. 2013).

The study is focused on a single community organization, the FreshRoots1, whose

mission is to provide healthy, affordable food to an urban neighborhood (North Place) that

fits the definition of a food desert, that is, ‘‘a low-income census tract where a substantial

number or share of residents has low access to a supermarket or large grocery store’’

(USDA 2012). The organization is one of many locally and across the globe that is engaged

in efforts to redesign food systems in such a way as to be both more ecologically sus-

tainable and more equitable in places where access to healthy, affordable food is limited

(Feagan 2007). As in other communities, the organizations that make up the food move-

ment and that work within the neighborhood are linked to one another and sometimes

coordinate their activities. But the organizations differ with respect to their purposes, and

not all share the FreshRoots’ focus on food justice.

FreshRoots’ activities developed initially from the creation of a community greenhouse

started by its founders, two white men from the city, where neighborhood residents could

grow vegetables. In building the greenhouse, the founders borrowed ideas from design

learned in college, and they adapted new aquaponic production technologies that enabled

residents to grow large quantities of vegetables in a small space using a minimum amount

of water. FreshRoots’ activities also include food distribution and education. Residents can

sell the food they grow in stores and farmers’ markets across the city. FreshRoots also

1 Organization name is a pseudonym.
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distributes food via a new food box service. The organization’s educational programs aim

to prepare young people to grow their own food, investigate food justice, and engage in

service learning at sites seeking to promote sustainable agriculture and improved access to

quality food to neighborhood residents.

My colleagues’ research on FreshRoots is focused on the mutual constitution of persons

and new practices for food production, education, and distribution. They are documenting,

for example, how FreshRoots participants have had to adapt aquaponics technologies and

practices from elsewhere to fit the local climate and growing conditions of their green-

house. They are also documenting how FreshRoots’ educational practices are aimed at

producing new trajectories into urban farming. Youth apprenticeship programs in partic-

ular are an important means to creating such trajectories. But creating trajectories for youth

is not simply a matter of holding classes:

To make urban farming a trajectory valued by youth and their community it is

necessary not only to get young people interested in thinking about the possibility of

growing and selling their own food, but also organizing the ‘‘far end’’ of such a

learning trajectory: creating a neighborhood and a city that will pay to eat the locally

grown food that these farmers will produce. Community education courses run by

FreshRoots focused on nutrition and cooking help pave the way for trajectories

connected to urban farming to become feasible (Jurow et al. 2013).

Creating a market for food from FreshRoots, as well as a marketplace at the site, is another

critical aspect of creating new trajectories into urban farming. Without FreshRoots’

partnerships with restaurants, stores, and farmers markets, the programs could not sustain

themselves, nor could young people readily imagine viable economic futures for

themselves in urban farming.

The organization and stability of this network of partnerships and practices is a key

focus of the research. They are tracing how changes to food production, education, and

distribution within FreshRoots are informed by efforts to organize and relate both indi-

vidual and community trajectories in ways that individual contributions and new social

practices can be recognized as socially valuable. They draw on Bruno Latour’s (1987)

image of a sociotechnical network to describe the work that FreshRoots does to relate

people, practices, and places, and their research seeks to characterize how this network

changes over time. They know, too, that FreshRoots’ leaders own efforts to stabilize that

network in ways to reflect its own mission are contested by others, and in their larger study,

some analyses are focused on the ways that the sociotechnical networks of other sites differ

from that of FreshRoots.

In analyses conducted thus far, the science and engineering practices are not in the

foreground, but science and engineering are ubiquitous within the practices of Fresh-

Roots. The staff of FreshRoots, along with residents, are engaged in ongoing investi-

gations of alternate methods to grow food in the greenhouse, and these investigations

require engagement in both science and engineering practices. These provide a rich

context for studying science and engineering in practice, because the purposes for

participation are readily apparent and tied to the ongoing work of creating and sus-

taining FreshRoots. Future research might investigate how residents participate in these

practices, whether their roles and contributions change over time, and in what ways

they contribute to building local knowledge of effective, sustainable food production

practices.
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Imagining a different future for science and engineering education research

Above, I have described two studies that illustrate how science and engineering education

research might productively analyze learning in practice. Each of the studies characterized

learning as changing participation in changing practices in ways consistent with a social

practice theory of learning and becoming. In each study, young people gained access to

science and engineering knowledge and practice through their participation in a network of

social practices. And in each, young people’s participation in design activities was integral

to collective efforts to organize new, more just social futures.

These are but two examples of the kinds of research that can contribute to our under-

standing of science and engineering learning in practice. There are collective efforts to

transform cultural and economic production that are similar to the ones described above

but that take place in other neighborhoods and cities. For example, there have been a

number of projects similar to the Bicycle Workshop in which youth from a neighborhood

learn to repair a donated bicycle, and when they have completed the repairs, they can keep

the bicycle (Peppler and Bender in press). In Detroit, one makerspace, Back Alley Bicy-

cles, also operates a bicycle repair shop and sells used bicycles that have been repaired by

youth. The proceeds from the repairs support the operating costs for youth programming

and the shop itself. In makerspaces elsewhere in Detroit, such as the Mount Elliott

Makerspace, participants have created safety lights for their bicycles using simple LED

circuits they learned to build while repairing bicycles.

It is easy to imagine that a number of researchers will focus on relating the ways that

young people’s participation in these practices resembles those of practicing engineers and

scientists. Much research today on science and engineering practices focuses on how best

to prepare students to participate in science and engineering practices, and that is likely to

continue. To the extent that naturalistic observations of changing participation provides

insights that yield evidence needed by policymakers to justify support for these programs,

such observations can be useful to the field and to communities (Michalchik and Gallagher

2010).

But if we want to bring about a future for science and engineering education research

that produces a different balance of findings about science and engineering as versus in

practice, we will need to focus on more than our own purposes for engaging youth in

science. It is particularly important that analyses focus also on participants’ own changing

purposes for involvement and on their contributions to activities that are focused on

transforming communities. Interpreting participants’ purposes in action is an important

goal in social science, but it also is a means for investigating when and how accessing and

using science and engineering knowledge and practices expands participants’ agency and

produces new forms of activity (O’Connor and Penuel 2010).

When focused on participants’ own purposes for action, moreover, research can inform

and support efforts to transform cultural and economic production. It can do so by giving

an account of the conditions for accessing and making use of science and engineering

knowledge and practices where the purposes is relevant and compelling. Taking a par-

ticipants’ point of view can also provide new insights into the barriers that people face

when attempting to move across practices to which they have not before had access.

Similarly, research can directly support efforts to transform production in the context of

social design experiments (Gutiérrez and Vossoughi 2010) that focus on efforts of young

people and adults from nondominant communities to make claims on significant places in

their neighborhood and forms of mobility for the future.
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It is critical, however, in our research on emerging forms of economic production to

recognize that these forms are historically contingent, contested forms of practice. It is not

possible for a single social design experiment or a single organization like FreshRoots to

overcome generations of spatial and social inequality in particular places. Both sites are

intersections of competing interests and ideologies that animate their respective social

movements. As researchers studying these kinds of contexts, we need to imagine ourselves

as situated within the multiple, intersecting timescales and places that shape particular

moments of practice, including moments of our own practice as researchers. We need also

to recall that while we are participants in these moments, we do not determine their

character. Bringing about a new future for science and engineering education research

depends on it.
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Abstract In its focus on social practices, the feature article presents an interesting the-

oretical framework for rethinking not only where and how knowing and learning in science

education exhibit themselves but also we might change our own research practice. The

framework is not new to me, as I have advocated it explicitly for more than 15 years. But

over time it became apparent to me that some particularities of participation in practice

may be grounded more strongly in an orientation towards the societal nature of any human

praxis. In this forum contribution, I present a theoretical approach built on societal-his-

torical activity theory that also takes activism as a major category for theorizing

participation. This approach not only covers the extent of the social practice framework but

also allows us to make thematic the production of inequity and restrictions to access

science and engineering that are characteristic of many societies.

Keywords Cultural-historical activity theory · Society · Consciousness ·

Subjectification · Personality · Revolutionary praxis

A famous Latin proverb says, “Non scholae sed vitae discimus [we do not learn for

school but for life].” Life therefore has to be the perspective through which we look

at learning rather than the school (or classroom). We can understand what happens in

classroom when total (individual, collective) life is our unit, but we cannot under-

stand total (individual, collective) life when the STEM classroom is the unit. (Roth

and van Eijck 2010, p. 1031)
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The feature article discussed in this forum argues for science education research that

focuses on how people use science and engineering in social practice while participating in

collective efforts that transform current ways of cultural and economic production. I am

sure that the author would agree that my introductory quotation is consistent with his quest

for taking a different perspective of learning, which his emphasis on science and engi-

neering in and as social practices appears to suggest. I suspect he would agree despite his

hedge that the social practice perspective is more analytic than prescriptive. In this article

Penuel articulates, from the perspective of a framework that is marked in its entirety by the

writings of Jean Lave, an approach to science and engineering education that I have begun

advocating 15 years ago in a move to study social practices. Influenced by Jean Lave

(1988) and grounded in a strong view of situated cognition I suggested that we needed to

deinstitutionalize science education and investigate “participation in activities as these are

shaped by individuals-acting-in-settings” (Roth and McGinn 1997, p. 502). Like William

Penuel today, we also pointed to the fact that the “structural properties of activities… arise

from the interaction of multiple aspects of a setting including psychological, material,

social, historical, political, and economic factors as these are seen by the actors them-
selves” (p. 502, emphasis added). Moreover, I already had been arguing for investigating

learning while students “engaged in some form of activism” (p. 506). Most importantly,

perhaps, I suggested that the students’ activities “do not need to remain confined to the

institutional walls. Rather, these activities can become part of public and political pro-

cesses” (p. 507). A dialectical materialist approach allowed me to describe and explain that

the very nature of practice is its own transformation so that we do not just participate in a

practice but, in and through our participation, change the very practice as well as our forms

of participation (Goulart and Roth 2006). Thus, it is not that there is some trajectory from

some periphery (margin) of a community to its core, but every instance of practice is

central | marginal simultaneously, which allows us to explain why some core (central)

practice all of a sudden disappears and new (marginal) practices emerge and become the

central ones. Penuel justly points out that communities are not to be treated as containers

but as dynamic intersections of people, tools, and activities—not unlike what we described

by saying that “inherently are heterogeneous in terms of the activities, competencies, rules,

and means that can be observed; they therefore are heterogeneous with respect to the

practices that they actualize” (Roth and Lee 2006, p. 31). As a result, activities and their

products are “heterogeneous assemblies of a range of elements including standard prac-

tices, material and linguistic resources, sets of breakdowns, and ongoing concerns” (Roth

and McGinn 1997, p. 503).

In the course of my inquiries, I came to see that science and scientific production are not

limited to the laboratories of white-coated individuals but “are open to socio-political

arenas” where they do not exist “separate from economics, politics, and ethics” (Roth and

Désautels 2004, p. 161). We recommended viewing science education from the perspective

of citizenship rather than viewing citizenship from the different STEM disciplines. We

suggested that “if students were to engage in activities that directly contributed to com-

munity life, that is, if they were to enact citizenship in practice, they would also contribute

to their development as citizens” (p. 163). In subsequent elaboration of the approach, I

recommended a focus on scientific literacy as collective practice and provided extensive

examples of the struggles of persons-in-setting, including those of an entire part of my

community that was deprived of access to running water (Roth 2003). I stated that “sci-

entific literacy also means participating in the choreography of [a] public meeting, enacting

access to participation and, thereby, contributing in different and changing ways as the

event unfolds” (p. 15). I specifically proposed activity theory as a framework for doing
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research because it allows us to deconstruct situations in which “differences in interest,

motivation, power and action possibilities are ubiquitous” (p. 17). Just as Penuel, I noted

that in everyday situations, whether and how resources from the STEM discipline come in

handy is itself a question of the dialectic of acting-in-setting rather than an a priori given

necessity. Moreover, once we accept that what really matters is the collective working

through of struggles, then individual prowess no longer matters but the collective
achievement of goals in political–economical–ethical struggles that also put the person at

stake. I also suggested focusing on the dialectic of participation, so that we can appreciate

“that the real purpose of education ought to be the utilization of extant artefacts and

instruments and the extension of such utilization into new forms, which are then trans-

formed to evolve ever-new forms of cultural literacies” (Roth 2007b, p. 386). Anticipating

Penuel’s call for “a strategic focus on science and engineering in efforts to transform

cultural and economic production,” I showed how science and engineering constituted not

only means but also the very contested ground upon which the political economy of one

municipality played itself out and how, in the process, community health and safety came

to be produced (Roth 2008b). In the process, very different aspects of changing partici-

pation come to be highlighted than this is normally the case, including the hybridity, and

heterogeneity of practices and praxis as a place of bricolage and métissage in and of

societal practices (Roth 2008a).

In the course ofmy research, I began to shift from the social practice approach ofmy earlier

work (Roth andMcGinn 1997) to an increasing framing of the contexts of research in terms of

their place in society. Here—influenced byKlausHolzkamp (e.g. 1993), whowas developing

a critical, Marxist theory of the human subject and who also had inspired Lave (e.g. 1993)—I

was led to societal-historical descriptions and explanations of the ways in which human

beings change their participation in changing societal practices in the course of their daily

lives. Societal-historical activity theory is a powerful lens because it not only focuses our

attention on concrete human praxis but also affords framing whole persons in the course of

their life in society such that “[t]he relation between higher psychological functionswas at one
time a real relation between people…. The relation between psychological functions geneti-
cally is connected with the real relations between people” (Vygotskij 2005, p. 1021–1022,

original emphasis) and “Not thought thinks, man thinks…. What is man?… a societal per-

son= a totality of societal relations [obščestvennyx otnošenij], embodied in an individual” (p.
1028, original emphasis). Lev Vygotsky, who is generally recognized to be the father of

activity theory, articulates, in a chapter entitled “Concrete human psychology,” the con-

nections that link higher psychological functions and personality, on the one hand, and society

and the societal relations we entertain and that reproduce society, on the other hand. A person

is an ensemble of real, lived relations between people in society; all higher psychological

functions that wemight be inclined to attribute to persons are in fact observable in and as real
relations between people. In his program, concrete human psychology realizes a dictum that

“man is in a literal sense a ζῶον πολιτικόν [zoon politikon], not merely a social animal, but an

animal that can individualize only in society” (Marx/Engels 1857/1983, p. 20, emphasis

added). In this view, real relations are the means that allow collectives (family, groups, or

society) to pass on psychological functions to their children and to the next generation rather

than being the means to socialize (“wild,” “untamed,” and “uneducated” children to make

them functional citizens.

In the foregoing paragraphs, I show that the social practices framework has shaped my

research for quite some time; but I also have moved on because of a sense that there was

something missing, which perhaps was the declared analytic stance opposed to the more

prescriptive stance that I was also seeking. I always wanted to be an “organic intellectual”
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(Gramsci 1971) whose work makes a difference in and to the struggles of real people. The

purpose of this symposium contribution therefore is to add to, engage, and reframe some of

the issues raised in the feature article. I begin by articulating societal-historical activity

theory, which constitutes my ground that both frames my reading the feature article and leads

me to add some features that are central to my own orientation towards science education: its

descriptive explanatory and its prescriptive dimensions. I then take a closer look at (a)

activities, practices, and boundaries that are at the origin of societal inequities and (b) the

constitution of subjects and persons in and by praxis. I conclude with a call for a societal
orientation to the study of science and engineering in, as, and for revolutionary praxis.

Societal-historical activity theory

Cultural-historical activity theory has been proposed as a powerful framework for

understanding teaching and learning not only in the context of formal schooling but also

across all forms of activity oriented towards the generalized satisfaction of needs (Roth and

Lee 2007). In this forum contribution, I follow the originator of this theory Aleksei N.

Leont’ev (1983) and qualify the theory as societal-historical [obščestvenno istoričeskogo]

and praxis/practices as societal [obščestvennaja praktika]. This, then, provides me with a

lens both to look at human society for describing and explaining consciousness and human

praxis across the entire lifespan. This theory, more than the social practice framework

Penuel sketches, provides a more encompassing view of life in society, the interlinking of

the various productive, societal-historically specific human activities, the trajectories of

individuals through different activities in their daily lives, the formative societal relations
in and as which higher functions exist and appear, and the results on their individualized

consciousness, personality, and knowledgeability across a different practices and forms of

participation. Being in school is only one small part of what members of society do and

where they engage in struggles: everyday and along their life spans. We bring up children,

conduct home life, go to work, ride bicycles or drive cars, shop for groceries, participate in

environmental groups, garden, keep bees, or renovate (parts of) our houses. That is, even in

the course of a single day, we participate in different forms of activity (defined below),

with different forms of struggles and subjectivity while continuing to be denotable as the

same persons (personalities). As human beings develop, the total number and nature of the

activities in which they participate changes. Yet our participation and struggles in all of the

diverse activities that constitute society makes who we are as persons, our personalities: we

become parents, students, scientists, shoppers, environmentalists, gardeners, beekeepers,

and so on. To explain who we are, our life form, and our human consciousness in the

course of our entire life in society, we need a comprehensive framework for theorizing the

practice-constitutive movements within and across activities, their coherences and inco-

herencies, precisely to be able to theorize the differing and differentiating struggles that

constitute who we are. Because of the emphasis that social psychologists such as Vygotsky

and A. N. Leont’ev place on society, we need to look at its evolutionary and cultural origin.

Society as network of generalized need-satisfying activities

Societal-historical activity theory was designed to model how human society emerged as a

result of the continuous evolution of life generally and the development of the human

psyche specifically beginning with single-celled organisms to the present day (e.g. A. N.

Leont’ev 1959). Grounded in dialectical materialism as Karl Marx developed it (e.g.
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Vygotskij 2005), the theory operates on the assumption that complex systems evolve from

units that already harbor all the potential for complexity much like a seed harbors all the

complexity that a tree displays in its relation to the environment. It is a “concrete psy-

chological theory of consciousness, which has opened entirely new perspective to the

science of psychology” (A. N. Leont’ev 1983, p. 107). Beginning from simple animal

groups that hunt collectively and fashion and use tools—such as, for example, chimpan-

zees—human society evolved as the generalized activity of control over the environment

unfolds through an increasing division of labor, each leading to a new form of life and

society sustaining activity. Although each individual initially produced needed tools to

satisfy a need, as this can be observed among chimpanzees, tool production and need

satisfaction eventually became two different activities. Today, society constitutes a net-

work of interlocked activities all of which contribute to the generalized control over the

conditions and generalized need satisfaction (Fig. 1). It is precisely here where the network

characteristics of social practice theory Penuel describes have their origin. But it is a theory

of society rather than a theory of the social that makes this network intelligible, for the

great apes, too, have social relations and culture without, however, having human forms of

consciousness. It is characteristic of human society and its representational capacities that

affords, for example, engineers to design tractors that are produced in manufacturing

activity. Farmers use tractors to till their fields and harvest grain. The grain is used in the

making of bread, which ultimately satisfies a human need. Although engineers do not

produce bread, in exchange for their contribution to the generalized conditions and need

satisfaction (which requires representational capacities to make the absent rewards present

before they actually exist), they gain control over their individual conditions and need

satisfaction. Each productive activity does not just produce something, but it produces an

ideal or material good intended for use or consumption in another activity. This very fact

alone shapes activity generally and the associated ideal reflection (consciousness) partic-

ularly. Moreover, the diagram also exemplifies that society is a network totality so that no

scientific activity ever could stand on its own, including its forms of consciousness,

practices, subjectivities, or struggles. The diagram makes visible Penuel’s insistence on the

difference between schooling practice and other practices all the while showing the

interconnectedness between them, the knot-work parts of which each person traverses in

the course of daily life. It is this same interconnectedness that leads to the knot-work

character of the human psyche and human personality (A. N. Leont’ev 1983).

From this perspective we might ask: what are the concrete generalized societal needs

that the different levels of schooling produce? Despite all ideological claims that might

mobilize “knowledge” or the “educated individual” to produce an answer, the one real,

concrete type of thing that schooling produces are diplomas, which regulate access to

become a part of the productive subject in other systems of activity (Fig. 1) (e.g. Roth and

McGinn 1998). Schooling is a concrete human activity that creates a hierarchical order that

reproduces rather than changes classist society (Foucault 1975). We all know that and how

middle-class parents in particular insist on accountability and quarrel with schools about

their children’s grades or the “quality of teaching,” because they have so much at stake in

assuring that their children maintain “the good life.” Working class families do not engage

schools in the same way. Although Penuel notes that the practices of schooling produce

failure, his social practice framework does not provide an explanation for this phenome-

non. Societal-historical activity theory, however, does so by focusing on the actual

products of schooling activity: grades and grade reports. Unsurprisingly, students, parents,

teachers, principals, and superintendants are oriented towards the production of grades

rather than towards the production of knowledgeability. It matters little that and when
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students graduate from high school or college (e.g. Harvard) with “misconceptions”; what

matters are the grades that determine the degree of access persons will have to other

activities and practices.

Penuel articulates the changing nature of social practices. This is an important issue that

science education researchers often neglect. In societal-historical activity theory, grounded

as it is in dialectical materialism, change is implicit. In this respect, the triangular models

of activity that are perpetuated in the literature are deceiving, because these represent

synchronic perspective, as if the activity was frozen in time (e.g. Roth 2014b). In fact, even

though Fig. 1 seems to belie it, my textual description of societal-historical activity already

takes into account the continuously changing nature of the fundamental category: activity.

Thus, the theory begins with single cellular organism and, providing a basic mechanism of

quantitative and qualitative changes, provides a general account not only of animal evo-

lution and speciation but also of the qualitative shift that occurred with anthropogenesis

(Roth 2009). In fact, activity is the fundamental category because it is a (non-self-identical)

unit of difference and change: across space and time. Thus, the very execution of an action

produces change: in the material of the object, in the body of the subject, and in con-

sciousness (Marx/Engels 1857/1983). It is this change that societal-historical activity

theory describes and theorizes rather than a stable structure (e.g. that depicted in Fig. 1).

Fig. 1 From a societal-historical activity theoretic perspective, society constitutes a network of activities
(Tätigkeit, dejatel’nost’), each of which contributes to the generalized control over conditions and
generalized satisfaction of needs

110 W.-M. Roth

123



Activity as minimal unit bearing all characteristics of society

Central to activity theory is its attempt to establish units analysis, and corresponding

categories, to replace the elemental analysis of traditional psychology. In societal-histor-

ical activity theory, activity is taken to be one such minimum unit that retains all the

characteristics of society that also determine the nature of the relations between persons

and of persons to themselves (Fig. 1) (A. N. Leont’ev 1983). Activity was the original seed,

which subdivided to give rise to a network of activities that constitute society much like the

egg cell, once fertilized, gives rise to an entire organism. The English term, as the feature

article, is actually confounding two concepts clearly distinguished in the Russian and

German languages of the founders of activity theory (i.e. Marx and A. N. Leont’ev)—with

serious consequences for the misreading and misuse of the theory (Roth 2013a). Already

implicit in the description provided in the preceding paragraph, activity is productive
activity that meets a generalized human need: it is dejatel’nost’/Tätigkeit. This orientation

toward productive activity is clear in the original works, for the term dejatel’nost’/Tätigkeit

always is paired with the adjective societal (stem: obščestvenn-/gesellschaftlich-) rather

than social (stem: social’-/sozial-). The same English term is also used to translate ak-

tivnost’/Aktivität, two terms that simply denote vital activity, business. Being kept busy in

school or completing a task in school science are not activities in the sense of deja-

tel’nostej/Tätigkeiten, for the latter have collective objects/motives toward which the

activity is oriented. (The expression object/motive is to capture the Russian/German

predmet/Gegenstand in the theory, an abstract object that also embodies the [ideal] motive,

as distinct from objekta/Objekt, a concrete object [A. A. Leont’ev 1969].) In this article, I

employ activity exclusively in the sense of dejatel’nost’/Tätigkeit.

The fundamental difference between all other theories of knowing and societal-his-

torical activity theory is the fact that concrete material praxis, as in productive activity, is

reflected (has its parallel) in consciousness. In fact, consciousness is the result of praxis and

the societal relations it implies, always oriented toward the control over condition.

Whereas constructivist theories highlight that individual knowledge is not true but viable, a

point that Penuel rightly makes, societal-historical activity theory grounds itself in Marx’s

second thesis on Feuerbach when it comes to the relation between material activity and its

reflection in consciousness:

The question whether human thought is true is not a question of theory but a

practical question. In praxis man has to prove the truth, that is reality and power, the

this-sidedness of his thought. The argument over the reality or non-reality of thought,

which isolates itself from praxis, is a purely scholastic question. (Marx/Engels 1846/

1958, p. 533)

The fact that there are identifiable moments in an activity—subject, object, product,

means, rules, society, and division of labor (Fig. 1)—does not mean that these are the

elements from which activity is built: none of these can be described and explained on its

own. This is so because, being part of a whole, any identifiable moment implies all other

moments (parts). Talking about the individual subject independent of the generalized

productive activity and, therefore, of all the other moments of activity, leads nowhere but

to pure abstraction and idealization. On the other hand, the category activity is not an

abstractum but a unit of concrete change; to push this point, I recently proposed activism as

the pertinent category of analysis (Roth 2010)—fully consistent, for example, with Pen-

uel’s descriptions of the struggles in the FreshRoots organization or the practice of counter-
mapping. Thus, the analysis is not that of a static structure but of an extended productive
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process*-in-the-making, where the asterisk marks the provisional and temporary character

of the process itself (Roth 2013b). Heraclitus already noted that a person never steps into

the same river twice: as flux it always changes. Dialectical materialism evolved in the

endeavor to capture a living, always changing material and societal world (only dead

things do not change). To do so, dialectical materialism uses dialectical categories. Such

categories are non-self-identical precisely because they refer us to change and, therefore,

not to states but, at best, to multiple states simultaneously. Such categories, therefore, as

useful to denote the struggles Penuel refers to, all the while implying the changing nature

of these struggles.

The societal character is found at all levels of activity

Activity is oriented toward a societal motive [obščestvennyj motiv]; but the goal-directed

actions of individual subjects realize an activity—driving a tractor (action), when used in

factory testing, realizes manufacturing (activity) but realizes farming (activity) when used

to harvest grain. There is therefore a mutually constitutive and implicative relation

whereby activities determine actions, but actions realize them. Similarly, contextually

conditioned operations realize actions but are executed only in view of goal-directed

actions—e.g. I am conscious of the sentence I intend to write (goal-directed action) but my

fingers do so without requiring conscious thought (conditioned operation). Societal-his-

torical activity theorists insist on the fact that any observed operation is comprehensible

(intelligible) only in its relation to the specific activity (object/motive) that it contributes to

realizing. In fact, some have extended this claim to the domain of neuropsychology,

suggesting that even the neural processes can be modeled appropriately only by taking into

account societal-historically specific activity (Luria 2003). Aleksandr Lurija recommends

that “the same scientific principles of investigation” suitable “in the study of the ele-

mentary forms of physiological processes” also are “adequate for the study of human

conscious activity, its social–historical origin, and its complex hierarchical structure” (p.

73). This is so because thoughts do not think, persons think. Persons stimulate their brains

from without using words and other signs; and anything outer is societal, integral part of
societal relations (Vygotskij 2005).

The societal character of development within and across activities

Societal-historical activity theory allows us to think development along two dimensions

simultaneously. As apparent from the work of Vygotsky quoted in the introductory section,

higher psychological functions and person are the result of real societal relations with
others. Within specific activities, individual persons are in the subject position (Fig. 1).

Because of the continuously developing nature of human activities generally and all their

moments and interrelations of moments specifically, there is a developmental process that I

denote by means of the category of subjectification. I use this category to focus attention on
“the production… of a body and a capacity for enunciation not previously identifiable

within a given field of experience” (Rancière 1995, p. 59); this field, here, is constituted in

and by the activity system. The identification of the body—which occurs “through a series

of actions” in and by this body—“is thus part of the reconfiguration of the field of

experience” (p. 59). The category of subjectification takes into account that persons are

both subjects of (and thereby determining) collective activity and subject and subjected to

(thereby determined by) collective activity. It is this subjection that explains the struggles
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rather than the agency that is often associated with social practice theory. Penuel simply

asserts that the “struggles are always connected to larger historical, political, and economic

struggles,” but it is in societal-historical activity theory that this assertion and the con-

nection between the personal and the historical finds its explanation. The societal relations
within each activity are the loci of subjectification: this is where the subject individualizes

itself. Participating in farming, I continuously become (develop) as a farmer; participating

in engineering firms, I continuously become (develop) as an engineer. My participation,

therefore, is not constant but changing; and this changing participation is itself a mani-

festation of the changing nature of activity as a whole.

As persons, however, we participate in multiple and diverse ways in multiple and

diverse societal activities during any single day and along the lifespan. The person, as

Vygotsky points out in the quoted passage, is the ensemble of the societal relations. In
societal-historical activity theory, personality is theorized in terms of the totality of

activities and societal relations that we constitute and that constitute us. Participating in

any societal activity we contribute to realizing its object/motives, which in fact we take up

and that orient the process of our continuing becoming. A person, therefore, is constituted

by the totality of object/motives that s/he contributes to realizing—a point that Vygotsky

and A. N. Leont’ev have taken over from Marx. And it is this interconnection of very

different object/motives that allow us to understand personality itself as a continuing and

ever-changing struggle (i.e. there is nothing like identity, from Lat. idem, the same). As

these object/motives are societal in nature, our personalities are entirely societal: I am a

physicist, a shopper, a parent, an environmentalist, a gardener, or a beekeeper. Each person

reflects the entire society in the way a raindrop reflects the whole world in and of which it

is an integral part. However, even though this defines the person entirely in collective

terms, the hierarchy and connections between these different subjectivities is highly

individual even in the case of two twins who do everything together. This conceptuali-

zation allows us to think what happens when persons move from activity to activity, where

they take the relevant subject positions leading to different forms of consciousness and,

therefore, subjectivity.

Activities, practices, boundaries

The feature article argues for a social practice perspective on learning (in) science. I

wholeheartedly agree. But I wish to extend the framework so that it includes ways of

articulating the macrosocietal structures and forces as well as the transactional relations

that constitute society in and through patterned societal relations. Penuel correctly

emphasizes that we need to study science and engineering not only in practice but also as
practice. In fact, we might add that we need to study science and engineering for practice,
which then allows us to explain the societal-political ethico-moral nature of science and

engineering (e.g. Roth 2007a). Penuel does note that one useful approach for “diagnosing

inequity with respect to participation in and across social practices is to employ ethno-

graphic methods for ‘following the person’ across different settings.” The article does not

however provide a map that would allow us to situate these settings and the relations that

these different settings have relative to each other. The societal-historical framework

presented above, because it explicitly theorizes society in its entirety as a knot-work of

societal activities, indeed provides a map (Fig. 1). This provides us with a map for the-

orizing the emergence of personality as a function of the different forms of participation

and struggles. Such a map enables us, for example, to explain the difference between

On the societal nature of praxis 113

123



students who participate in environmental activism as part of their schooling experience

versus students who participate in environmental activism as part of their out-of-school

life. There are differences across such even between those experiences when organized

within schooling.

Each activity is defined by its object/motive that serves the generalized societal control

over condition and need satisfaction. Every practice, characterized by activity-specific
actions and operations, is oriented toward the object/motive. Thus, whatever students do in

the activity of schooling is mediated by its object/motive. It makes no difference whether

students to a cookbook lab, copy lecture notes from the chalkboard, or engage in envi-

ronmentalism. As long as the outcomes of their labor end up in the garbage can because

these do not contribute to meeting collective needs and control, there is no value to the

labor (Roth and Barton 2004). The really produced outcomes are grades—there is a

division of labor between teachers, students, and school—which end up on a report card

and, cumulatively, on a graduation certificate. Thus, even going to a science museum or

participating in a workshop that introduces children to environmentalism and traditional

ecological knowledge is not experienced as “fun” when the ultimate production is a grade.

It is precisely because grades (grade reports) are the object/motive of schooling rather than

knowledge that “cheating” is a viable option: Students and instructors focus on the pro-

duction of grades rather than on changing participation in disciplinary practices. This

makes schooling radically different from other activities so that it does not suffice, as

Penuel suggests, “following the person across settings… to give an account of how people

successfully adapt their knowledge, skills, interests, and identities across different settings

as they engage in everyday, routine activities to create ‘connected’ or extended pathways

for themselves.” In fact, I would formulate social practice theory stronger to imply that

there are no (stable) knowledge, skills, interests, and identities that are adapted to settings,

but that we focus on continuously changing participation in changing praxis. More than

Penuel, my personal preference is to focus on continuous becoming rather than the

adaptation of existing structures and dispositions.

We may anticipate a difference, however, when students, as part of their schooling

activity, participate in environmentalism, where the outcomes of their work become

something that benefits society (local community) as a whole. This is precisely what my

research group has observed and documented in several empirical studies (e.g. Roth and

Lee 2004). Students who contribute environmental knowledge to the community and who

actively contribute in the struggles required for changing the environment (planting trees,

cleaning up creeks) learn differently and different things than those who merely accom-

plish another (graded) task in a science museum or outdoor workshop. If the same students

were to participate in environmentalism outside of schooling, then they would have shifted

into a different system of activity, with a different object/motive, productions, divisions of

labor, rules, means of production, or objects. The result would be different forms of

societal relations, different forms of consciousness, and, therefore, different forms of

practice, subjectification, and personality. As ethnomethodological scholars have pointed

out in both science and mathematics education (e.g. Greiffenhagen and Sharrock 2008),

one must not abstract practices and relations from concrete praxis and the particular

rationality that is at work, a praxis that is constituting and being constituted by that lived,

sensuous work. At an abstract level (e.g. tree) everything looks the same (e.g. a desert

palm, a mango tree in a lush tropical forest, and a crippled birch in northern Canada); in

concrete praxis, there is a difference, with consequences, for planting one (type of) tree

rather than another.
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The feature article orients us towards inequities and the ways in which “access to

practices is organized.” I both agree and want to sharpen the argument in stating that the

very inequities and the boundaries (borders, glass ceilings, etc.) that become apparent are

themselves used in the differentiation and integration within and across societal activities.

Whereas the different activity systems in which students partake at home, in school, with

their friends, or as shoppers have different object/motives and, therefore, are associated

with different processes of subjectification, subjectivities, or roles in relevant divisions of

labor, all of these are integral to who a person becomes. Thus, those very boundaries are
constitutive within the person (personality). For science students, as for electricians or

mariners, the “boundaries” themselves constitutive of school learning, and schools build

such boundaries when they put students in different rooms for science, arts, mathematics,

and disrupt coherent “practices” because of institutionally determined temporalities rather

than because of the temporalities internal to the practice. For example, the stories about the

gap between the theory that electricians learn in college and the everyday praxis of being

an electrician is part of what an electrician becomes (e.g. Roth 2014a). In fact, more-

experienced electricians often articulate for apprentices what college teaches and what they

really do at work. Whereas there tends to be a critical edge to these narratives, journeymen

and master electricians are competent when it comes to defending their actions in terms of

“the electrical code [standard]” and the relevant theory. That is, the boundary is part of the

lore of the field, constituted and constituting, experienced as discontinuity and integrated

into ever-changing personality.

While I received a draft copy of the feature article and while beginning to work on a

commentary, I was also doing fieldwork concerning knowing and learning of commercial

airline pilots. On the day I arrived in the field, I knew little to nothing about the job in the

cockpit. I literally had entered a foreign part of this world. I was completely unfamiliar

with the practice of flying, the tools that exist in a cockpit, the “rules of engagement,” the

kinds of competencies valued, the “(non-) technical skills,” the “enabling” and the “basic

skills.” Science education scholarship, as does the feature article, might emphasize the

boundaries, “third spaces,” and discontinuities I should have experienced. Yet all the while

this was initially foreign, I never did experience discontinuities between my work in the

head quarters of the airline and the other activities in which I concurrently was a consti-

tutive subject and associated subjectivities: I was a husband, doctoral supervisor, member

of the scholarly community, consumer (as hotel guest, traveler), invitee, mentor to junior

peers, and counselor to the family of a mentee that has had all of a sudden found itself in a

tragic situation of mental illness. More so than the social practice framework Penuel

articulates, societal-historical activity theory allows us to anticipate both differentiation,

integration, and struggles between and implied by these multiple, diverse activities.

At the end of my 8-day stay in the field, I was sufficiently familiar with the work of

pilots that I was able (a) to read the complex array of instruments in a complex envi-

ronment of the cockpit (Fig. 2) and (b) to anticipate many pilot actions (aspects of practice)

in the cockpit during two commercial flights. How this familiarity arises from unfamiliarity

and how the everyday familiarity with the world supports the emergence of aspects of the

specialized practice of flying a commercial airplane is precisely the issue. Penuel gestic-

ulates in that direction when suggesting that research needs to follow persons across

settings. Societal-historical activity theory, more so than his social practice theory, does

provide us with a handle on the issue of our movement within and across activities.

Precisely because our human nature is societal, whereby our personalities are the result of

the ensemble of the societal relations that we participate in, there is a “common sense”

rationality that constitutes the foundation of every specialized human field of endeavor at a
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particular point in time (e.g. Mannheim 2004). In the different activity-constituted and

activity-constituting arenas, different aspects of the common forms of rationality are

emphasized and developed leading to the apparent differences when we move from

societal arena to societal arena. But whatever I do as a husband, colleague, mentor, teacher,

counselor, or invitee has emerged from the societal relations I participated in since birth.

These initial societal relations, as higher psychological functions (see Vygotsky quotes in

the introductory section), are the basis of my personality today and of my differing, always

already changing competencies in specialized changing practices. The first relations are the

foundation of subsequent relations—which is why working-class lads often get working-

class jobs and end up becoming working-class parents on their own (Willis 1977) and why

working-class children end up much less frequently in German (Kühne 2014) and French

professorial positions (Bourdieu 1979). In the research on pilot cognition, the societal

relations allowed me to become familiar with the work in a cockpit in the same way that

they allowed me to become familiar with the work in the family of my key participant

during an evening dinner invitation.

Of subjects and persons in praxis

An important part of the feature article concerns a description of learning in and as
practice. I organize the comments that follow around the subject and person. More so than

the social practice theory, the societal-historical activity theoretic perspective includes the

subject as one of its constitutive moment of the activity (e.g. Holzkamp 1993). We cannot
therefore look at the subject of activity independent of all other moments of activity. That

is, because the smallest unit is the activity, the subject is changed together with the activity,

and the activity together with the subject. The subject is a subject*-in-the-making (Roth

2013b). Working-class lads or inner-city Afro-American females may struggle as hard as

they want only to end up where they have started out—in working-class neighborhoods and

slums. On the other hand, when we look at the person, who is theorized as a totality of

collective object/motives, then change is equivalent to change in society, for as the object/

motives in each activity change together with each individual activity, so does the person.

Moreover, at the personal level, the hierarchical ordering and the strengths of the linkages

may change. From this perspective on ever-changing practices, change is inevitable and

learning unproblematical; problematic is the notion of knowledge (structure) (Lave 1993).

In a river full of eddies, backflows, and turbulences, states are problematic; flow and

change is not. Our experience of life is that of a stream full of eddies, backflows, and

turbulences. Every material thing we use is in constant change; only dead things like dead

languages and rocks are (relatively) constant. More so than Penuel, I focus on our being

subject and subjected to conditions in addition to being the subjects of activity. My own

notion of activism, which I propose as an alternative to societal-historical activity theory

(Roth 2010) integrates the dialectic of agency and passivity: we are agents and patients

simultaneously, continuously struggling (coping) with the contingencies of an emergent

life. This is important, for example, to explain learning in science classrooms, which is a

relational phenomenon so that even those teachers who appeared to do really well in one

setting may fail to teach science appropriately in another setting, such as in many urban

(inner-city) schools. It is not that these teachers are incompetent but that the situation as a

whole, the particular way in which the activity of schooling is realized, does not give rise

to the kinds of practices that we may observe in a suburban private school in the same
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metropolis. Ending up in the slums is not a construction of the African-American female: it

also is a struggle, an ordeal that she is subject and subjected to.

Becoming: as subject

Penuel points out that “the production of social practices in time and space is an important

part of an analysis of learning and becoming.” This integral experience of human life that

we continuously become is an integral feature of my approach. Like Penuel, I assume

change and becoming to be inevitable—even though at times it may not be immediately

visible. Thus, in a 5-year ethnographic study of a fish hatchery, we observed that even in

the most “routine and boring job,” feeding fish or cleaning concrete fishponds, change is

occurring (Lee and Roth 2005). Those who do the job, over a period of years, get better at

doing it and learn to distinguish someone with experience from someone who is only a

beginner. But such descriptions do not yet account for the person-in-setting or for the way

in which the person changes as a result of the process of subjectification.

In the approach Penuel describes, change is recognized as an inherent feature of par-

ticipation. It is life itself that produces change. Praxis changes the world. Praxis is change:
not only for the material or ideal entity transformed into some outcome but also for the

subject. The latter, just because s/he does something, changes physically materially, which

is reflected in continuous improvement of practice; this change is reflected at the level of

consciousness, where the practitioner, as shown in the fish hatchery example, learn to

distinguish performances even in the “most boring and routine jobs.” Change and learning

is a byproduct of human praxis. The problem of taking any static view—to which Penuel

and I would be opposed—is evident in received and going conceptualizations of teacher

learning. Thus, in every (societal) relation where teachers are an integral part, they change

(Roth and Radford 2011). This is why they get better with years of teaching. But changes

may be observed at the micro-level, for example, when a teacher rephrases a question

Fig. 2 Sitting in the position where normally an evaluator would sit, I not only anticipated instrument
readings, their relevance to the flight, and predicted pilot actions
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repeatedly until it becomes answerable. In the process, she learns to ask (better) questions

just because she asks questions. Over a period of several months, we may then observe

substantial changes in practices from questions that lead to simple yes/no answers to

productive questions that lead to extended conversation about scientific aspects of students’

work. The teacher learns to ask questions even though she may never make her questioning

the topic of reflection, sometimes simply as a result of interacting a lot with students where

rephrasing questions becomes necessary, sometimes by following another teacher and

beginning to take over her ways of asking questions. As a result of a more symmetric

approach, we begin to note that not only designated students learn but so do designated

teachers and not only designated teachers teach but so do designated students: the zone of
proximal development therefore works both ways (Roth and Radford 2010). The relation

allows both parties to learn and develop—consistent with Vygotsky’s dictum that the

person is the ensemble of societal relations. This, then, is a totality-of-life perspective that

is more comprehensive than what the vision presents us with.

Penuel’s focus on social practice also counters any notion of knowledge that could be

“transferred” to other situations. He rightly suggests that we need to follow individuals

across settings to see how the same embodied operations participate in the constitution of

very different forms of praxis, consciousness, and the ensemble of patterned actions

(practice). This was highlighted very early in the literature on “authentic learning” with the

example of particular equations that are used very differently in engineering and physics

(Brown et al. 1989). This is also evident in the literature on boundary objects, which shows

that the same artifact or instrument has different functions and is associated with different

practices when it moves from one context to another (Henderson 1991). Such research

shows that even though the goal-directed action of filling in some parts of a form or

referring to a particular aspect of an engineering design drawing may be the same in two

contexts, and even though the conditioned operations of writing or seeing are the same, the

practices they realize are different: consistent with the societal-historical activity theoretic

approach. The category of subjectification highlights the continuous change and learning

within a form of activity perhaps more than Penuel does in the feature article. This is so

because the category highlights material changes that come with the production of a body

and the associated changes in consciousness that are expressed in the capacity for enun-

ciation, neither of which was previously identifiable in the field. Here, the focus on the field
or arena constitutes an impediment to reducing changes and learning to the individual:

always already a kind of nexus of societal object/motives.

Becoming: as person

Persons change as a result of the processes of subjectification that they undergo while

participating in different activities as the day goes on and in the course of their lived life.

Thus, “K. Marx introduced an idea that has general significance for a truly scientific

psychology. A person forms his mind while transforming the world with other people”

(Meshcheryakov 1974, p. 15). The person, as theorized in the feature article, is not Marx’s

sensuous laboring person but is actually an abstraction. This is evident in the transfer

question concerning what a person can take from one context to another. As a starting

point, it is evident that a science student does not come to master—as Penuel had suggested

in an earlier version of his text—“a practice within the context of school science” that they

use to “gain access to other contexts for engaging in science practices and at a latter time.”

First, the students do not engage in a science activity (dejatel’nost’), with their engagement
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in science-related tasks, they realize schooling—they participate in and realize schooling

practices by engaging in school-typical societal relations. Second, Penuel rightly notes that

there is no person independent of activity, whatever the one or ones that we observe in

progress. Rather than theorizing a person as an abstractum, we may think of it based on the

documentary method (Mannheim 2004). The person then is the ensemble of the concrete

manifestations that we may observe and attribute to a particular physical body. The key

point in this conceptualization is that the ensemble—here, “the person”—is not the result

of an addition (e.g. all subject positions taken together), a synthesis, or abstraction (e.g.

what is common across and abstracted from the subject positions). The person is a singular

plural: a unique, concrete whole that manifests itself in and through its parts (subjectivity-

in-activity, person-in-setting). But each part is plural, because determined by the whole,

and, therefore, by all other parts. As a result, the person is different, not only from other

persons but also different from itself because it integrates different (subject) positions and

different times. The person is not a thing but a continued and continuing struggle, or more

precisely, a struggle*-in-the-making. Because the activities and relations are characteristics

of society, the person is entirely a societal process and therefore reproducing society in its

actions.

The immediate consequence is that we have to abandon the notion of identity still used

by Penuel—not in the least because it has been subject to critique in Continental philos-

ophy and societal-historical activity theory for a long time. This is so because the notion

does not take into account that individualization is possible only in society (see above).

Already during the 19th century, the French poet Arthur Rimbaud noted “JE est un autre [I

is an other].” Yet the Anglo-centric (science) education literature has not yet attempted to

deal with the question of a fundamental heterogeneity and non-self-identity at the heart of

the question of identity. We are different not only with respect to others but also with

respect to ourselves. This also means that learners have different needs, aspirations, and
intentions. Giving everyone “the same” learning opportunities, the same level of access
(Penuel uses this term 47 times), is synonymous with disadvantaging some (e.g. working-

and under-class children) at the expense of others (middle- and upper-class children).

More so than the social practice theory that Penuel presents, societal-historical activity

theory lends itself to critical education (critical theory, critical psychology, critical cultural

studies, critical feminism, etc.) and the articulation of critique because the society, its ruling
relations—inequities, politics, economy, class struggle—are already available within the

theory. Here I use critical not in the sense of simply being critical but in the sense of

critical social practice, “fundamental organic struggle” (Gramsci 1971, p. 221) that brings

about differences that make a difference to persons’ lives. From a societal-historical

activity theory perspective, persons are thought in terms of the ensemble of societal object/

motives of the activities that they participate in. Such a societal focus inherently orients us

to the role of the person in collectivities in the here and now and along their lifespan.

Penuel notes that the National Research Council’s most recent framework addresses the

need “to provide access for all students to science and engineering practice” and the

inequities that are “produced through limiting access to students’ opportunities to learn in

schools.” I cannot but agree. But I also emphasize that this should not be taken as implying

that all students should know “the same” science or engineering (Roth 2007b). Why should

all students learn science rather than music, small engine repair, or home economics and,

thereby gain competence in areas that are really close to home? This question is partic-

ularly interesting in the light of the fact that in the everyday out-of-school world, there

exists free choice as to whether, when, where, and how to engage with science; in schools,

students do not tend to have a choice and when, they often opt out. In a world increasingly
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characterized by such a degree of division of labor that the professors in the same

department do not all have the same competencies, skills, and knowledge, why should

science not left to some just as law is? Why should we not make law or philosophy

compulsory school subjects? Lawyers do not have to be chemists in a legal case where the

polymerase chain reaction and identification through DNA analysis is at issue—they get

PCR experts to testify. A mayor and town council do not need to know about the engi-

neering issues involved in the considerations for a new water main—they draw on their

town engineers and, if required, hire other engineers and scientists. They do not require

medical knowledge in this same water issue—they call on the regional medical board to

seek advice. What we need in complex situations that require very different forms of

expertise (practices) are living processes and changing forms of knowledgeability that

afford problem shaping and solution finding where no two individuals may know the same

thing. We may then anticipate opportunities that are created for the individual expansion of

control over conditions and room to maneuver through changing participation in changing

collective control over conditions and collective room to maneuver.

Summarily we may say: in a complex society, the most important aspect is participation

(in collective societal practices) that focuses on collaboration irrespective of individual

skills and competencies. Things that matter allow the living collectivity as a whole to

resolve pertinent problems. Therefore, we need to think persons through the lens of col-

lective life struggle in society and along the lifespan. Specific skills are less important than

continuous adaptability to ever-changing situations—i.e. knowledgeability—which led me

to argue for débrouillardise and the person as débrouillard and démerdeur, persons who

literally are part of getting a situation out of fog-like conditions and “out of shit” (Roth and

van Eijck 2010). It would be more useful if students acquired knowledgeability, that is, the

capability of creating knowledge resources on the fly, rather than acquiring the skill of

factoring a polynomial or learning the Krebs cycle by heart, neither one of which they will

ever see again in their everyday lives, even as scientists.

Position(ing) of the researcher

Penuel notes that the social practice perspective does not explicitly have prescriptive

orientation but constitutes a descriptive and analytic framework. It is not quite clear how

Penuel’s social practice accounts may also be emancipatory if they are not prescriptive in

the sense that they allow persons to actively orient towards changing conditions and,

therefore, act in a prescriptive manner. The societal-historical activity theoretic perspective

has been used to more explicitly orient towards the need to employ research to change the

world. In a quotation provided in the section on activity theory, Marx points out that the

reality of human thought proves itself in praxis. Marx notes that the coincidence of

changing conditions and human activity can be described and rationally explained only as

revolutionary praxis (Marx/Engels 1846/1958). This same activity also changes con-

sciousness. Marx also points out—in the 11th thesis on Feuerbach—that the point is to

change the world rather than simply to explain it. All three points provide us with material

for thinking about and theorizing the position of the researcher who is following persons

within and across settings.

From the perspective of practitioners, researchers tend to come and go. Many teachers

are tired to be told from up high what to do and to be told only a few years later that they

ought to do it differently. This is what Marx makes thematic in the 11th thesis on Feu-

erbach. Researchers, much like Marx’s philosophers, come to explain praxis without
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changing it when the real point is to change the world. Moreover, because they do not

engage in changing it, they cannot “the truth, that is reality and power, the this-sidedness of

[their] thought” (Marx/Engels 1846/1958, p. 533). They do not experience that their ideas

and theory do not work. Transformative (revolutionary) praxis is where the this-sidedness

of theorizing shows itself, but our experience shows that the theory is often not appropriate

for changing the world. Pronunciations from up high do not transform the world: revo-
lutionary praxis does. This is precisely what societal-historical activity theory captures

(Roth and Lee 2007): activities change conditions, and the coincidence of changing con-

ditions and activity is the result of and results in revolutionary, that is, condition-

transforming praxis (see first quotation). It is this aspect that has led me to propose activism
rather than activity as the main category of analysis (Roth 2010). Research itself is made

thematic as a changing praxis, but always and unavoidably so a step or two behind. From

the perspective of the individual teachers, they will learn whenever they see that their

control over the conditions and room to maneuver increase; they do not need to be

motivated. Thus, most teachers see increasing benefits from their participation in co-

teaching experiences, which increases control and room to maneuver instantly because of

participation in collective control; and it increases over longer time scales, because the

societal relations that they are enabled to participate in become transformative and lead to

development of practices and personality.

Researchers who sit on the sidelines observing the practices in a particular field by and

large are viewed as irrelevant by practitioners, though they may be considered a nuisance

and disruptive at times. This is clear when we take a societal-historical activity theoretic

perspective, which orients us to the different productive activities in which the researcher

and the researched act (Roth et al. 2002). The researched tend to be part of the object/

motive in the research activity for the purpose of generating texts shared with other

researchers. On the other hand, researchers tend to be centrally involved in the change of

praxis when they participate in the relevant praxis. For example, in my work on co-

teaching, we stipulated that researchers gained access to a science classroom only when

they participated in enacting and, therefore, to the development of teaching and learning of

science (praxis). The presence of the researcher led to increasing the capacity for teaching,

and, thereby, to increasing the capacity for learning. In the process, they came to expe-

rience not only praxis but also change in praxis from the inside. They participated in

revolutionary praxis, which changed activity and conditions of schooling. As a result of

their participation, these researchers also changed (including their competencies of

teaching, their consciousness, their familiarity with the arenas); and they reported these

changes to their scholarly community.

Research and researchers are valued in the field when the practitioners themselves

anticipate an increase in power to act as a result of working with researchers. This is

evident in my current work within commercial pilots, where the company really is inter-

ested not only in an assessment metric that my colleague developed—himself a 22-year

commercial pilot—but also in improving it for their purposes. We jointly funded a research

project that investigates pilots assessing pilots using the same rating sheet that evaluators

normally use as the basis of the required semi-annual performance rating (Fig. 3). The

results of this research immediately return to the chief training officer who, together with

us, makes changes to the evaluation metric and training method. The pilots bought into the

project because the evaluation metric not only standardizes the two annual assessments that

they are subject to but also allows pilots to anticipate the areas in which their performance

levels (generally on the simulator) are assessed. By participating in the collective control

over conditions, these pilots thereby gain control over their individual conditions. This is

On the societal nature of praxis 121

123



important because the assessment results may lead to the loss of their license to fly, and,

therefore, to the loss of their jobs. As a result of this collaboration, the airline now views

itself as a learning organization that bases its change efforts on evidence that we assist in

creating.

It is precisely because the company, training officer, and pilots anticipate an expansion

of their control over their work environment that they buy into research and change what

they do based on the research results. They also buy in because, as our interviews show,

traditional talking head workshops do not work for them, and little of what is presented is

useful to doing a better job on the flight deck. However, they experience a lot of growth

while analyzing and evaluating videotapes that show pilots at work, and it is through their

engagement in the evaluation effort that the pilots become aware of their own practices so

that they themselves come up with ways of improving these. And it was precisely in these

sessions that I became familiar with the (discursive) practices of pilots described above.

Our—airline, pilots, researchers—participation changes in, as, and with changing practice

in the way Penuel is asking us to enact social practice.

Coda: towards a view of revolutionary societal praxis

The feature article proposes an interesting framework to science educators, a framework

that also appears to be transpire from current policy documents and political arenas. As my

text shows, I agree with the fundamental tenets of the social practice framework, which, in

fact, I have advocated explicitly for quite some time. Over time, however, I have come to

find it more useful to describe and explain human praxis and practices in the context of

societal-historical activity theory because of its potential affordances to launch a critique of

Fig. 3 Two pilots (right), in the presence of the researcher-consultant, collaboratively rate videotapes
showing the performances of pilots. The pilots can directly relate what they learn to their own performances
on the flight deck
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inequities that arise within and are characteristic of society itself. I am interested in

researchers as organic intellectuals, who contribute in and through their research to rev-

olutionary social praxis by “directing the ideas and aspirations of the class to which they

organically belong” (Gramsci 1971, p. 3). This requires forms of institutional ethnography

(Smith 2005), which that combine microgenetic analyses typical of social practice theory

and critical, Marxist theory that gets at the societal nature of activities, practices, and

praxis. More so than Penuel, I insist on how the different practices of societal life are

jointed, and how or why something we do in school should or could be related to other

aspects in other parts of their lives. Societal-historical activity theory accounts for the kind

of transitions, continuities, and inequities that are at the heart of, but not explained by, the

feature article. Local theories typical of the social practice approach, because relevant

within practices, are not suited to model transitions because they do not have the tools to

model what happens between practices. Especially through its categories of subjectification
and personality, the theory affords explaining changing participation across the lifespan

and how science and engineering might figure into our personal development. To create

visions for science education we may require theories that describe and explain the

development of person as members of society engaging in multiple, ever-changing societal

practices in the very instance that they are enacted and, more substantially over longer

periods of time. We may need theories that “capture” life as a process—a contradiction,

because in a representation the life is always absent—rather than theorizing stable entities

that need to be animated by an outside force like the photographs that constitute a movie

reel. We also may need methods—e.g. auto/biography and auto/ethnography (Roth 2005)

—that allow us to learn from the life-long participation in the life of society across the

various activities that constitute it. A look at the last decade alone shows that societal

practices in a large number of areas have changed, especially those to relatively new

technologies; while older generations still exhibit competencies in practices valued yes-

teryear, the younger generations often exhibit different competencies and are “weak” in

those characteristic of the older generations. This continuous change of activities, prac-

tices, personalities, or life is not modeled in the “vision” that the feature article presents us.
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Abstract This article establishes the importance of ‘‘context’’, a concept that underpins

the academic contributions that John Falk and Lynn Dierking have made in building the

field of informal/free-choice learning in science education. I consider, in turn, the indi-

vidual contributions made by each of them prior to their seminal co-authored work, entitled

The Museum Experience. I then document their joint contributions to the field, pointing out

that although their interests and skills overlap in complementary ways to produce their

jointly authored works, both have continued to make their individual contributions; Falk in

his work on identity and impact, and Dierking in her work on community, youth, family

and equity. Finally I come to the present, describing how they each continue their research

and publication in lifelong, life-wide, and life-deep learning, with a particular focus on

free-choice learning and the role it can play in addressing critical issues in the world.

Keywords Free-choice � Informal science education � Life-long learning

In November 1997, I was preparing for a brief visit to Washington DC and thought it

would be a great opportunity to visit the Institute for Learning Innovation, often called

‘‘ILI’’ by those in the field, in nearby Annapolis, Maryland. I emailed John Falk and Lynn

Dierking (Director and Associate Director, respectively), and they generously invited me to

offer a seminar there. Lynn sent instructions for the train journey, but having never been to

Washington Union Station, I was a bit confused by information about signage to platforms
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and asked for clarity. ‘‘Don’t worry’’ replied Lynn, ‘‘you’ll understand when you get there.

Context is everything!’’ And, I discovered, it was. My journey was completed without

incident.

Context is a theme that both unites and underpins a truly remarkable body of work by

John Falk and Lynn Dierking, the two researchers who have done most to illuminate our

understanding of life-long learning in science. The importance of context will unfold

throughout this article, but first it is appropriate to introduce John and Lynn separately, to

provide the foundations for their separate and joint contributions to the field of science

education.

John H. Falk

John Howard Falk completed his bachelor and master’s degrees in zoology at the University

of California, Berkeley, and his interest in out-of-school, lifelong learning, initially focused

on outdoor education, soon found him leading tours for visitors to the University’s Botanical

Garden. John’s first article (Falk 1971) was published even before he was awarded his

master’s degree. However, the paper that more clearly demonstrates John’s future trajectory

appeared in 1974: ‘‘Estimating experimenter induced bias in field studies: A cautionary tale,’’

in Oikos, an international peer-reviewed journal focused on ecology. This paper challenged

the assumption that biologists in general, and ecologists in particular, could ignore the impact

they have as experimenters/researchers on the systems they study. The prevailing assumption

at the time, and by and large still today, was that as long as an investigator made an effort to

be careful and tried to ‘‘tread lightly’’ on the system s/he was studying s/he was justified in

totally ignoring any distorting impact s//he might have on that system through its study. The

Oikos paper demonstrated that this was not true and that not only did investigators regularly

influence the systems they studied, it was possible both theoretically and practically, to

quantitatively measure the impact. This paper, written by John while still a graduate student,

represents an early example of Falk’s lifelong effort to step outside of everyday practice, to

view not only his own practice, but that of others as well, from a sufficiently ‘‘critical

distance’’ to ascertain the potential distortions that practice, in this case research, may be

creating. It also demonstrated his ability to develop new methods and approaches in an

attempt to better capture the context and reality of a situation.

It was through Berkeley’s Botanical Garden that John met Watson M. (Mac) Laetsch,

then Professor of Botany and Director of the Garden; he was also the soon-to-be Director

of the Lawrence Hall of Science (LHS). Mac Laetsch explained that John

subsequently entered the Graduate Group in Science and Mathematics Education

(SESAME), an interdisciplinary PhD program in Science and Mathematics Educa-

tion; and I became his thesis advisor. A large NSF-funded Program at LHS called

‘‘Outdoor Biology-Instructional Strategies’’ (OBIS) was getting started, and John

joined the staff. His PhD thesis concerned the biology of urban lawns, one of the

most common ecosystems worldwide, but John’s work to study it from a biological

perspective and to use the knowledge for broad educational purposes was pioneering.

OBIS is an international program, and John’s lawn activities have literally gone

around the world. (Mac Laetsch, personal communication, February 25, 2014)

In completing his doctorate in 1974, John conducted two separate but inter-related

dissertations; one on the ecology of a suburban lawn and the other on how to use lawns and
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schoolyards to teach ecology to children. His year-long scientific ecological study of a

lawn from an energetics perspective (see Falk 1976) is inspirational in the intensity of

observation, the attention to detail, and the meticulous, innovative data collection and

analysis he utilized. This work foreshadowed the depth of thought and creativity with

which his subsequent research activities are conducted. The educational part of John’s

dissertation concerned out-of-school learning; how lawns and schoolyards could be used

by youth groups to learn about nature, thus making a major contribution to OBIS. Mac

Laetsch elaborated on the out-of-school perspective in OBIS:

OBIS was what we called ‘‘informal education’’ to distinguish it from ‘‘formal’’ or

school based education. John prefers the term ‘‘free choice education’’ and he has

devoted his career to its study. He has emphasized that most people have science

related experience throughout their lives and in many different venues. He has shown

that many adults in the US know more about science than adults in other countries

where school students score higher on standardized tests. This should be required

knowledge for educators. (Mac Laetsch, personal communication, February 25, 2014)

After completing his doctorate John moved across the country and in 1974 he founded

the Educational Research program at the Smithsonian’s Chesapeake Bay Center for

Environmental Research. His first NSF grant, in 1976, was an extension of the OBIS

project. This was possibly the first NSF research grant awarded that focused on learning

outside of the classroom, specifically on learning during school field trips. In 1983 he

established and directed the Smithsonian Office of Educational Research. John continued

to publish about field trips, including the findings of significant research about the

implications of context (e.g., Falk and Balling 1982) and effect of novelty (e.g., Falk,

Martin and Balling 1978) on learning, and the relationships between time and behavior as

predictors of learning in museums (Falk 1983). With roots still in educational practice, as

well as research, he also created the Smithsonian Family Learning Project, affectionately

referred to as SFLP, which resulted in a series of calendars and books that families could

use at home to engage with science. Unfortunately, a new incoming Smithsonian Secretary

who saw no reason to conduct research or develop materials supporting learning outside of

school abolished the office.

In 1986, John founded the Institute for Learning Innovation and became its inaugural

Director. Based in Annapolis, MD, it was a not-for-profit research and development

organization focused on understanding and supporting free-choice learning. John and the

Institute staff were able to concentrate on free-choice learning research in many settings,

ensuring that research and evaluation in this field became well-established.

Lynn D. Dierking

Lynn Diane Dierking’s first degree was in biology at the University of Miami; she then

moved to the University of Florida to complete her master’s and doctorate in science

education, focusing on learning in museums. During much of this time, Lynn was a

museum educator and classroom science teacher, so science education in places like

museums was an ideal research choice. Lynn’s first publication (as Lynn Dierking-Shafer)

with the late John J. Koran, Jr., her major advisor, was entitled ‘‘Learning Science in

Informal Settings outside the Classroom,’’ in a National Education Association publication

edited by Mary Budd Rowe (Koran and Dierking-Shafer 1982). The authors argued for a
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closer relationship between schools and learning opportunities outside of them, but cau-

tioned against ‘‘transforming an informal experience into a formal school experience with

at least some of the negative connotations’’ (p. 62). They discussed the need to understand

the factors that ‘‘bring out the curiosity and spirit of discovery’’ of informal science,

concluding ‘‘that is the challenge informal education presents to us in the decade of the

80s’’ (p. 62). It is a challenge still inadequately responded to. Although this early publi-

cation was designed to serve as a resource for teachers, it included the important obser-

vation that ‘‘Museums and zoos provide a wonderful setting for families to share science’’

(p. 61). This would be a prescient statement given that Lynn would focus on this arena of

research for a good part of her scholarly career.

A further contribution to science education was ‘‘A Framework for Conceptualizing

Research in Natural History Museums and Science Centers’’ (Koran, Longino and Shafer

1983), published in the Journal of Research in Science Teaching. This article presented an

excellent synthesis of research in the field, suggested a classification of exhibits, from static

to dynamic, and proposed a conceptual model to guide future research. The conclusion

reflected the authors’ view that science education needs to include all of these sources of

learning.

All indications lead to the inescapable conclusion that the time is here for science

educators to expand their research, development, and training activities into muse-

ums and science centers and other informal learning settings around the country. This

article was designed to provide a jumping-off place to avoid the inevitable lag time

which occurs as researchers in different parts of the country vigorously work to

reinvent the wheel. (p. 366)

In 1984 Lynn moved to the Smithsonian Office of Educational Research to coordinate a

community science project, while continuing to work on her dissertation and publish with

Koran and his team. ‘‘Predicting Visitor Behavior’’ (Falk, Koran, Dierking and Dreblow

1985), published in Curator, pointed out that ‘‘museums come face to face with the

realities of ‘free choice’ learning. These realities ensure that predicting what and how

visitors learn—let alone if they learn—will be very difficult’’ (p. 249). This article pro-

vided evidence that visitors behave in predictable ways, and that the better these were

understood, the more effective museum professionals could make the visitor experience.

The first author was John Falk, who had been a visiting professor at University of Florida

(UF) in 1983. Soon another significant paper appeared in Science Education, ‘‘The Things

of Science: Assessing the Learning Potential of Science Museums’’ (Falk, Koran and

Dierking 1986), this time informing science educators of the kinds of learning opportu-

nities offered by museums compared to schools (building on the Koran and Dierking-

Shafer 1982 chapter, that was likely the first time these comparisons were made) and, as

the title indicates, describing the learning potential of these places. The importance of free

choice was discussed in these articles, partly to compare learning opportunities in museums

and schools, and partly to explain how difficult it is to ascribe learning to any specific event

or experience and, in research terms, to find out what visitors actually learn.

One of Lynn’s enduring interests is in family learning and her dissertation, completed in

1987, focused on parent–child interactions (Parent–Child Interactions in a Free Choice

Learning Setting: An Examination of Attention-Directing Behaviors). This study built on

earlier research by Judy Diamond and Sherman Rosenfeld, working with Mac Laetsch at

the Lawrence Hall of Science. By following families from the moment they entered the

museum to the moment they left (an idea contributed by John Falk when he was a UF

visiting professor), she was able to conduct a ‘‘naturalistic’’ study of families in museums,
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describing and analyzing the rich and sometimes challenging interactions engaged in by

families visiting museums. This work provided both a theoretical and empirical foundation

for subsequent research in this arena.

In 1988 Lynn became a tenure-track faculty member in science education at the

University of Maryland. Unfortunately, the timing was not right for developing, let alone

sustaining, a research program in free-choice learning, a very emergent discipline

25? years ago. Lynn returned to the Smithsonian in 1991 to direct the Science in American

Life curriculum project at the National Museum of American History, a role in which she

led an integrated middle school science and social studies effort. The irony was not lost on

her.

In 1993, she joined the Institute as Associate Director and the Falk-Dierking collabo-

ration, already well-established through journal publications and their first jointly authored

book, The Museum Experience (Falk and Dierking 1992), continued to flourish. This

collaboration was built on the recognition of the importance of context as a mediator of

learning, and the complementarity of John and Lynn’s different interests, experiences, and

perspectives about learning, particularly free-choice, life-long science learning.

The importance of context in learning

The Museum Experience (Falk and Dierking 1992) described the critical role that context

plays in learning, particularly learning in and from museums. It was a notable milestone in

understanding museum learning and research and has justifiably received considerable

recognition. Per-Edvin Persson, recently retired Director of Heureka, The Finnish Science

Centre, former Director of the Federation of Finnish Scientific Societies (1987–1991) and

President of the Association of Science-Technology Centers (ASTC, in 2004–2005),

recalled

I am happy that one of the early books I had a chance to read as a Director was ‘‘The

Museum Experience’’ written by John and Lynn and published back in 1992. I

devoured it hot off the press and it changed my view on the museum and science

center field completely: I realized that the restrooms, the parking, and the restaurant

probably were more important from the visitor’s point of view than the scholarly

content of the exhibitions. And that we needed to put the visitor in the center of our

thoughts. A long way to walk for a person with a solid scientific background! (Per-

Edvin Persson, personal communication, March 22, 2014)

Indeed, when The Museum Experience was reprinted in 2011, reviewers wrote

I was amazed at how well [The Museum Experience] held up over 20 years and how

many insights I relearned. … I think it’s still an essential text for the field and one

that many people could learn a lot from in [its] present form in 2011. (Nina Simon,

Museum 2.0; http://www.lcoastpress.com/book.php?id=348)

I love this book! I still think it is one of the most read-able and applicable books in

our field. It is perfect for students or professionals, particularly those who are new to

the visitor perspective. (Kris Morrissey, Director, Museology Graduate Program,

University of Washington; http://www.lcoastpress.com/book.php?id=348)

In the introduction to The Museum Experience, John and Lynn made the importance of

context explicit by proposing a framework of three contexts—the personal, social, and
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physical contexts—as interacting components in which the experience of visitors to

museums and similar places is imbedded. Originally termed The Interactive Experience

Model, John and Lynn offered this framework as a tool to organize and interpret the

findings of research about the visitor’s experience. Eight years later, in Learning from

Museums: Visitor Experiences and the Making of Meaning (Falk and Dierking 2000), they

built upon and extended the Interactive Experience Model in two significant ways: First,

the framework became much more focused on learning, rather than just the experience had

by visitors, and second, the dimension of time was included, making explicit the notion

that learning is a cumulative process. They re-named this expanded model the Contextual

Model of Learning, focusing attention on the key interactions of three psycho-social

contexts; the personal, the sociocultural, and the physical. To emphasize the ever-changing

nature of contexts and learning, as people make meaning from their experiences, Falk and

Dierking (2000) wrote:

Learning can be viewed as the never-ending integration and interaction of these three

contexts over time in order to make meaning. Perhaps the best way to think of it is to

view the personal context as moving through time; as it travels, it is constantly

reshaped as it experiences events within the physical context, all of which are

mediated by and through the sociocultural context. (p. 11)

Each of the three contexts is discussed fully in this book, providing thorough coverage

of the network of variables that combine to influence the impact of a visit to a free-choice

setting (see Falk and Storksdieck 2005, for an example of its use).The significance of the

Contextual Model of Learning is difficult to understate, because the framework provides a

structure to ensure that all relevant factors are accounted for in planning research, and it

also furnishes a means of organizing and analyzing data, as well as reporting the findings.

Tali Tal, Associate Professor at Technion, Israel, recalled how she:

began studying students in museums only in the early 2000s right after the Con-

textual Model of Learning was offered (Falk and Dierking 2000). This highly

influential publication helped me a lot in framing my understandings of learning in

museums. Moreover, this seminal work has shown me that there is still a lot to do in

the area where schools and museums meet. In a way, I realized that the bigger body

of research was done on voluntary visits in museums, and that this literature does not

always inform research on school visits to museums. One example of how we

struggled with the idea of free-choice learning, is in our work on school visits to four

museums (Bamberger and Tal 2007), in which we argued that both free choice

learning and non-choice learning have yielded lesser evidence for learning than what

we termed limited-choice learning, which is a school visit to a museum that offers

some structure in few possible ways. Moreover, in that study, we followed Falk and

Dierking’s work on long term impacts and were able to show as well that long after

the museum visit, some learning outcomes are sustained, especially the social

learning outcomes and the motivational ones. These were stronger than the con-

ceptual ones after 16 months. Building on the previous work of Lynn Dierking and

John Falk and negotiating with Lynn over the years was great inspiration. (Tali Tal,

personal communication, October 1, 2014)

The Museum Experience (Falk and Dierking 1992) was first written in 1986, but it took

5 years to find a publisher. At that time, John and Lynn found it challenging to unearth

other shreds of research evidence to add to their own already significant work. Twenty

years later, when compiling The Museum Experience Revisited (Falk and Dierking 2013),
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the problem was more one of choosing which of many aspects of research and other

scholarly output on the topic to include. Not surprisingly, rather than a revision, this book

turned out to be at least two-thirds new material. The Contextual Model of Learning is re-

introduced in Chapter 1 and continues to underpin much research in museums. For

example, Molly Phipps (2010) analyzed 85 articles published during 1997–2007 in three

key science education journals, and 14 of these articles used Falk and Dierking’s (2000)

Contextual Model of Learning as their framework. As Falk and Dierking (2013) pointed

out

Using this framework to understand the museum experience has proven to be not

only an informative way to make sense of the complexities of the museum experi-

ence from a visitor’s perspective, but also a valid way to empirically measure the

interaction and relationship of the numerous factors that contribute to museum visitor

behavior and learning. (pp. 26–27)

Like The Museum Experience, the revised version has had enthusiastic reviews.

By updating their seminal work, Falk and Dierking have made The Museum Expe-

rience Revisited a must read for museum professionals who want to have the greatest

impact on their visitors. With new references to social and digital media, insights into

visitor motivations and learning, and suggestions for practitioners, it’s again among

the most influential of resources. (Cynthia Vernon, Vice President of Education and

Guest Programs, Monterey Bay Aquarium; http://www.lcoastpress.com/book.

php?id=3910)

The Museum Experience Revisited will be as powerful a tool for all museums and

science centre professionals for the next twenty years as The Museum Experience has

been since 1992. It has the fragrance of wisdom and the texture of common sense. I

cannot see how anyone in the museum field could possibly survive without reading

it. (Per-Edvin Persson, Director of Heureka, The Finnish Science Centre; http://

www.lcoastpress.com/book.php?id=391)

Although these three books (Falk and Dierking 1992, 2000, 2013) are aimed at museum

professionals and none focuses specifically on learning in science, all three have con-

tributed significantly to the field of science education, particularly learning science in out-

of-school settings. The first two of these books (Falk and Dierking 1992, 2000) have over

3000 citations, a very high count for books. The Museum Experience has been translated

into Japanese and Chinese, and the contextual model has found use in other countries.

Elı́zabeth Hoyos, Presidenta Ejecutiva at the Corporación Maloka in Columbia, describes

its value.

The interactive model about the experience in the museum is the most important

reference to understand our Latin American audiences. We have a very successful

frame to understand the education dynamics that happens in the museums and to be

able to think in new strategies in different directions, from marketing, to design,

operation and education programs in our scenarios. (Elı́zabeth Hoyos, personal

communication March 11, 2014)

Elı́zabeth continued with a statement of recognition of John and Lynn’s work, and the

importance of their visit to Colómbia and Maloka in January, 2009.

For us in Maloka it was a great honor and opportunity when we had them here, not

only as researchers and wise teachers, but also as honest, loving and committed
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persons, with whom we enjoyed a wonderful friendship that will last forever. As their

students, we really admire their skills as docents, and we perceive them as masters

and leaders of the future. (Elı́zabeth Hoyos, personal communication March 11,

2014)

John and Lynn have been ‘‘masters and leaders’’ in different but complementary ways.

Both continue to champion free-choice, life-long learning, together and separately, John,

through his work on identity and his cross-institutional impact, and Lynn through her work

at the community level with youth and families, all with an equity focus.

John’s work: identity and impact

John’s interest in learning and the personal processes of learning have long underpinned his

work. In 1997 he published a paper on advances in neurosciences and its implications for

visitor studies (Falk 1997), using its findings to impress upon readers the complexity of the

learning process and how a much broader view than currently employed was necessary if

museums were to better ‘‘understand why people go to museums, what they do there, and

what they take away with them from those experiences’’ (p. 237). Martin Storksdieck,

immediate past Director of the National Academies’ Board of Science Education and now

the Director of the Center for Research on Lifelong STEM Learning at Oregon State

University, described John’s fascination with this topic.

Learning as an ontological process that adjusts a (human) being to the ever-changing

social and environmental context is only a part of a deeper question: understanding

what drives us as individuals. Who are we? And who decides? Why do we prefer a

certain landscape? John’s graduate work was situated in the intersection of ecology

and science education, and it raised this seemingly innocuous question. I think the

question never left him. He continued to ask the question ‘‘but why are we doing this

in the first place?’’ What really drives us to go to a museum, or visit a national park,

or watch a NOVA show? There is a connection between landscape preferences and a

trip to the art museum, and it lies in our lifelong quest to understand who we are.

John’s recent work on Self and Identity is simply a logical extension of his previous

work, all asking the question why we do what we do, and how this relates to who we

are, or think we are, or wished we are. In that sense, as a scholar and simply curious

mind, John has made it his passion and career to ask, from a science perspective, the

questions that have puzzled us since time immemorial, and have been at the foun-

dation of religion, faith and community. (Martin Storksdieck, personal communi-

cation, May 6, 2014)

John developed the ideas of self and identity in trying to understand this process, and he

has written extensively about the concept of identity as a means of understanding the visit

experience. It was fundamental to what is arguably the most major study investigating the

impact of visitors to zoos and aquariums, which was led by John (Falk, Reinhard, Vernon,

Bronnenkant, Heimlich, and Deans 2007), and has permeated much of his work over the

last decade or so. Perhaps most significant is his 2009 volume (Falk 2009) which set out

this concept in clear terms that resonated with museum professionals.

John’s ground-breaking book of 2009, ‘‘Identity and the Museum Visitor Experi-

ence’’, which at least for me was one of those mind-boggling experiences ‘‘finally
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someone makes sense of it all’’. John came over to conduct a seminar with my

management team to help us rethink our marketing and operational strategies. (Per-

Edvin Persson, personal communication, March 22, 2014)

John’s ideas have significantly impacted other researchers and their fields, and Per-

Edvin’s reference to ‘‘John came over’’ hints at the enormous impact John has had on

others, both through his work, and personally through cross-institutional and international

consultancies. Many have led to life-long friendships and enduring partnerships. Roy

Ballantyne, a Professor in the Business School (Tourism) at The University of Queensland,

described one such partnership.

John is the consummate ideas man and I have enjoyed and shared many hours talking

and debating issues with him that relate to cutting edge theory and practice in visitor

environmental and museum learning. These discussions have influenced the direction

of my academic research and helped our Visitor Research team focus and prioritize

our research work in the area of visitor environmental learning and behavior change.

Of central importance in this regard, was hearing John’s ideas about free-choice

learning and reading his and Lynn’s book, Learning from Museums (2000) where

they proposed and discussed the Contextual Model of Learning. At this time, the area

in which I had been researching for most of my academic life, environmental edu-

cation (both formal and informal), had become ‘‘stuck’’ – going over and over the

same things – due to the fact that those trying to work toward changing environ-

mental behavior were at risk of, and often attacked for, being behaviorists or for

attempting to indoctrinate school students. John’s ideas relating to free-choice

learning were able to be used to unblock this impasse – how could one be accused of

indoctrinating people if you were designing free-choice, environmental learning

experiences aimed at facilitating visitor adoption of environmentally sustainable

behavior?

Accordingly, over the past 10 years, John has worked with our research team at the

University of Queensland (Jan Packer, Karen Hughes, Nigel Bond, Chelsea Forbes

and I), on numerous joint research projects that have arguably made, and continue to

make, a difference to the ways in which eco- and wildlife tourist attractions design

their free-choice visitor experiences to maximize the impact on visitors’ long-term

adoption of environmentally sustainable behavior. (Roy Ballantyne, personal com-

munication, March 10, 2014)

John’s ideas and skills in policy and knowing how to get things done have impacted

other organizations. He was one of the co-founders and original Co-Principal Investigators

of the Center for the Advancement of Informal Science Education (CAISE), established in

2007 with support from the National Science Foundation and housed at the Association of

Science-Technology Centers (ASTC) in Washington, DC. Its powerful influence might

best be summarized by words from its website:

The Center for the Advancement of Informal Science Education (CAISE) works in

collaboration with the National Science Foundation (NSF) Advancing Informal

STEM Learning (AISL) Program to strengthen and advance the field of professional

informal science education and its infrastructure by providing resources for practi-

tioners, researchers, evaluators and STEM-based professionals. CAISE also facili-

tates conversation, connection and collaboration across the ISE field — including in
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media (TV, radio, and film), science centers and museums, zoos and aquariums,

botanical gardens and nature centers, cyber learning and gaming, and youth, commu-

nity, and out of school time programs. (http://informalscience.org/about/about-caise)

J. Randy McGinnis, Professor of Science Education at the University of Maryland and

Past President of the National Association of Research in Science Teaching (NARST),

recalled how

when I came to work with John on the NARST Board (2010–2013), he became

someone whom I viewed as a passionate advocate of positions he held firmly, and

most important from my perspective as President of NARST, a supportive partner in

making changes in the association as a way to move it forward.

In one instance, John and I, and several other NARST board members, were invited

guests at a National Science Foundation-supported conference in the USA on

‘‘Catalyzing Research in Science Education Policy’’ (the conference developers were

Nancy Brickhouse, James Earl Davis, and Stephen Norris). For most of us science

education researchers at the conference, while we were interested in the notion of

policy, policy itself was not an area of our expertise, so we struggled in our attempts

to consider how we could interface with policy development beyond our forte of

providing research findings to policy makers. Not John, however. He was a maestro

at articulating his expertise in policy and how to take meaningful actions not limited

to conducting research and reporting findings. His carefully thought out and tested

strategies added much to the assembled group’s deliberations of bringing policy

considerations to the science education research community. I know he certainly

educated me in a significant manner in this area, and made me very pleased that on

the board that I served as presiding chair he represented our association (‘‘A

worldwide organization for improving science teaching and learning through

research’’) so well to outside constituencies as a chair of a policy committee. (J.

Randy McGinnis, personal communication, March 26, 2014)

There is no doubt that John is a big-picture thinker. His efforts to push the boundaries

and assist other researchers to do the same have advanced our conceptual understanding of

free-choice learning and learning in informal contexts in general. As Martin Storksdieck

pointed out, ‘‘John has been recognized and awarded for his groundbreaking and persistent

work on free-choice learning, in part because of his ability to synthesize scholarship from a

wide range of disciplines and translate it into accessible language and metaphors’’ (per-

sonal communication, May 6, 2014). John’s clever use of metaphor is exemplified in ‘‘The

Director’s Cut’’, his synthesizing article in the 2004 special issue of Science Education on

Museum Learning and Research, edited jointly with Lynn and Kirsten Ellenbogen.

Throughout his career, John has attempted to frame learning more holistically, both in

time and space and he has consistently pushed others to try to think this way as well.

According to John, learning always involves myriad variables that influence learning

across multiple time and spatial scales. This was the thrust of his argument in ‘‘The

Director’s Cut’’ (Falk 2004). While John has taken this holistic view, and focused on the

psychologically-based self and identity work, Lynn has utilized a bottom–up perspective

that focuses on learners and attempts to understand more deeply the ecology of their

learning from their own perspectives, particularly highlighting the sociocultural dimen-

sions of learning and identity and how they impact learner engagement, a complementary

perspective, as we see in the next section.
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Lynn’s work: community, youth, family, and equity

As seen from the perspective of one of her students, Lynn’s work draws ‘‘from a variety of

sociocultural perspectives, her research and writings have explored family-based learning,

learning conversations and discourse, and the cultural and historical contexts that afford

and constrain learning, such as race, gender, institutions, poverty, and more’’ (Scott Pat-

tison, personal communication, March 17, 2014). Her underpinning focus is on life-long,

free-choice, out-of-school time learning, and she works passionately and untiringly, as

revealed in this anecdote from Dale McCreedy, Director, Gender and Family Learning

Programs at the Franklin Institute Science Museum.

I walked into the hotel bar, looking to meet my colleague Lynn Dierking. If anyone

else had been there ahead of me, I might have expected to find them sitting at a

table with a drink or phone or computer. However, not Lynn! She had fully engaged

the bartender, was discussing issues of informal learning and was promising follow-

up emails in the future. Ever an advocate for informal learning and a people person

like few others! (Dale McCreedy, personal communication, September 5, 2014)

But Lynn’s passion does not preclude quality research. According to Ken Tobin, Pro-

fessor at City University New York, ‘‘her work is notable because it explores facets of

science education that are outside of the mainstream, using frameworks to theorize

teaching and learning of science and research methods in ways that promote innovation

and transformation’’ (personal communication, March 15, 2014). This is beautifully

illustrated in the recently completed Cascading Influences: Long-term Impacts of Informal

STEM Experiences for Girls published by The Franklin Institute (McCreedy and Dierking

2013). This publication reports the findings from an NSF-funded retrospective study of the

long-term impacts of gender-focused free-choice learning programs on 175 young

women’s lives, some 5–25? years after their experience. The study probed these women’s

interests, engagement, and continued involvement in science, in terms of both their careers

and leisure pursuits. The notion of broadly defining impacts, both in terms of undertaking

further STEM education and/or entering careers, as well as recognizing how these expe-

riences influence lifelong STEM hobbies and pursuits, was a contribution that Lynn

brought to this study from the start, as well as to the field as a whole, influencing publi-

cations like the National Research Council’s consensus study on Learning Science in

Informal Environments: People, Places and Pursuits (National Research Council 2009)

and the accompanying practitioner volume, Surrounded by Science (Fenichel and Sch-

weingruber 2010). In Dale’s view,

Lynn’s desire to embrace multiple perspectives was apparent in her advocating for a

convening prior to the completion of the Cascading Influences report. Inviting col-

leagues from a range of backgrounds to critique the findings was a wonderful

indicator of her openness to critical reflection, and commitment to the value that

comes from thoughtful and important collegial push and pull. The convening ulti-

mately allowed us to draw upon diverse areas of expertise within an environment of

mutual respect among colleagues who cared deeply about girls and women, espe-

cially in science. (Dale McCreedy, personal communication, September 5, 2014)

Finding participants and choosing credible means to measure impact are just two of the

challenges that make retrospective studies such as these logistic nightmares. Innovatively,

Dale and Lynn drew on a ‘‘community of practice’’ theoretical framework and completed a
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study of value to both practitioners and researchers, with recommendations for STEM

educators and reflective lessons on the research process. The ability to reflect on what one

does, and to learn from it is a skill Lynn has in abundance, and it pervades her work. Scott

Pattison, one of Lynn’s doctoral students, explained:

Ever since I’ve known Lynn, she has advocated that STEM educators and

researchers continuously reflect on their own assumptions and the ways that social,

cultural, and historical contexts shape not only how learning happens but the very

goals that we strive for as STEM educators.

If there is one thing that Lynn is sure to bring up at any project meeting, it’s the

importance of understanding the world from the learner’s perspective. Unlike edu-

cational researchers, learners don’t compartmentalize their lives neatly into specific

topics, settings, or outcomes. Instead, they cross freely between school, work, and

life, building meaning in unique but personally relevant ways according to their own

goals, circumstances, and pathways. Although Lynn is often known for her work in

museums, much of her research has taken a much broader perspective, looking at

how individuals and families learn across settings and over time and how commu-

nities and institutions can best understand and support these complex ecosystems of

learning. (Scott Pattison, personal communication, March 17, 2014)

Jrene Rahm, Professor at the Université de Montréal, illuminates Scott’s last comment:

Like many others, I always thought of Lynn as a science museum researcher who has

been involved in so many key studies that marked the field and has contributed so

many articles and books to the advancement of the field. However, a while back,

maybe eight years, when I was looking for literature on science learning in after-

school programs, I stumbled on a very interesting position paper by Lynn that she

was asked to write by the Coalition of Science Afterschool (CSAS), in which she

tried to address the link between engagement in afterschool science programs and

STEM learning and called it ‘‘Linking afterschool programs and STEM learning: a

view from another window.’’ The perspective she offered was very rich and ‘‘another

window’’ in many ways to the discourse at the time about afterschool programs that

were supposed to fix the STEM pipeline problem. As if life were that simple! She

argued well that OST settings are important but part of a complex network of

activities and practices that constitute science literacy development. She also hinted

at life-long learning and her long passion and advocacy for new more global or

systemic perspectives on learning and in many ways talked about life-long, life-wide,

life-deep learning before it was part of another report. In that position paper, she also

referred to issues of access to quality OST programming and hinted at problems of

equity. That’s another important dimension of Lynn’s work, her concern for equity in

informal science education as her recent work with girls in afterschool programs and

the tracking of long-term impacts of informal STEM on girls-women also attests to

(McCreedy and Dierking 2013) (Jrene Rahm, personal communication, March 29,

2014)

Ken Tobin had another insightful comment about Lynn’s contribution:

An impressive feature of her way of being a science educator is her collaborative

style that exemplifies high levels of compassion and attentive listening as well as

forthright speaking in ways that are emphatic while not being pushy. It is not sur-

prising that Lynn has been successful in collaborating with others to expand the
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quantity and quality of research on free-choice learning. (Ken Tobin, personal

communication, March 15, 2014)

Lynn’s outgoing and supportive nature has developed enduring friendships and pro-

ductive partnerships. Dale McCreedy explained how, in the mid-90s, after

a fortuitous ride to the airport with John after an Advisory board meeting for Project

Astro, I was introduced to Lynn, the Institute for Learning Innovation, and her

aligned interests. Since that time, Lynn has been not only a colleague but also a

critical friend to me professionally, and a true friend to me personally. Her com-

mitment to me and to others in the field has been evident in her support of disser-

tation work (mine included) and various other professional efforts. Indeed, when The

Franklin Institute staff, immersed in various museum studies or education programs,

hear that Lynn is in the building, I have witnessed them interrupting our meetings to

introduce themselves and share what an impact John’s and Lynn’s work has had on

them personally and professionally.

In thinking about Lynn and John together as both academic colleagues and life-long

friends, it is apparent that their different – almost opposite – styles are a great asset

that has led to them being a strong and influential team – an intellectual force more

impactful than either could muster on their own. This, together with their kindness,

forthrightness and passion will be long-felt. Together they have had an enormous

impact on the field. (Dale McCreedy, personal communication, September 5, 2014)

This final comment from Dale signals a return to the joint effort of Lynn and John to

build the field of science education through free-choice learning.

Building the field of science education and free-choice learning

The establishment of the Institute for Learning Innovation in 1986 marked the beginning of

an era which recognized the importance of free-choice learning and soon research began to

grow exponentially. The Institute became both a pioneer in, and a very significant con-

tributor to research in this field, with John as Director and Lynn as Associate Director

overseeing more than 200 research and evaluation projects across a wide range of free-

choice learning institutions. Equally importantly, it nurtured a team of researchers, many of

whom have moved on to leading roles in other free-choice learning environments. One of

these was Martin Storksdieck, who reflected on the impact of the Institute.

The non-profit Institute for Learning Innovation that John founded and directed for

more than 20 years became an important institution of applied scholarship. Con-

ducting research and evaluations in museums, zoos, aquaria, parks and similar, built

learning and ‘‘experience’’ environments in which people engage with the natural

and cultural world, John and a growing team of researchers (me included) helped

with empirical evidence, practitioners who had a need for feedback and validation of

their work, particularly when they pushed boundaries and explored new avenues; but

we would also uses evaluation to advance scholarship. And because John is a Big

Picture thinker, the scholarship would not be limited to understanding what was

conducive to learning (or whether any one exhibit or program worked as intended);

John and Lynn pushed our concept of how and where learning occurred by cham-

pioning the term ‘‘free-choice learning’’ (as a positive moniker) over the term
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‘‘informal learning’’ (as a moniker that conveys something is missing). John and

Lynn were right to insist that language matters, and were correct to insist that we

should optimize our work in two complementary directions: supporting the imme-

diate with empirical research based on conceptual scholarship, and shaping our

overall understanding of the field by advancing the conceptual scholarship itself.

(Martin Storksdieck, personal communication, May 6, 2014)

One of the strategies employed by the Institute to advance the field of free-choice

learning was to seek funding from the National Science Foundation and other sources to

bring together prominent people who were able to discuss invited papers and synthesize the

outcomes of discussion into edited books. The first of these was Public Institutions for

Personal Learning: Understanding the Long-Term Impact of Museums (Falk and Dierking

1995), a volume which stimulated almost a generation of doctoral and other researchers

(including me) to improve their research knowledge and understanding of the field.

Another insightful volume was Free-Choice Science Education: How We Learn Science

Outside of School (Falk 2001), which brought together researchers, policy makers, and

leading practitioners to discuss the strengths, weaknesses, and benefits of building a better

national infrastructure for free-choice learning. Preparations for the next book, In Prin-

ciple–In Practice: Museums as Learning Institutions (Falk, Dierking and Foutz 2007),

included a preconference special issue of Science Education (July 2004, Volume 88,

Supplement 1), articles from which were rewritten after discussion and critique at the

conference to form part of the book. These were accompanied by a number of other jointly

written papers that consolidated and synthesized research findings and discussion outcomes

to improve current practices and identify avenues for further research.

Both John and Lynn have devoted their working lives to promoting learning, empha-

sizing that learning is a continuous, cumulative process that happens throughout our lives

and that there are opportunities for learning in everything we do. Apart from their con-

siderable research output, they also have worked to communicate their ideas beyond the

academy. Their easy-to-read book, Lessons without Limit: How Free-Choice Learning is

Transforming Education (Falk and Dierking 2002), illustrates how we learn over our entire

life-time. It is impossible to read this book without gaining a sense of warm and friendly,

family-loving people, right from page 1 where a delightful anecdote introduced the three

Falk children learning about the Civil War on location at the Antietam National Battlefield.

‘‘As a family we were committed to learning’’, wrote John and Lynn, ‘‘And learn we did’’

(p. 2). The innovative ‘‘Free-Choice Learner’s Bill of Rights’’ (Falk and Dierking 2002,

p. 134) sets out the rights that people have to become and remain life-long learners. This

may sound a little distant from science education, but it is not. Learning throughout our

lives (except perhaps when we are at school) is multidisciplinary; science is intertwined,

almost seamlessly, with mathematics and geography and art and so on. The Contextual

Model of Learning (which also underpins Lessons without Limit) is about learning all of

the things that we might encounter in any learning opportunity, and that includes science.

There was a significant increase in research in the field of free-choice learning during

the last two decades of the twentieth century, but as alluded to earlier, there remained

considerable confusion about terminology, in particular, the term ‘‘informal learning’’. It

was clear that research in science education needed to include more than just the expe-

riences of schooling, but there needed to be clarity around the idea of learning outside of

school. Lynn and John acted constructively, and inclusively. They persuaded the Board of

the National Association of Research in Science Teaching (NARST) to establish an

Informal Science Education Ad Hoc Committee. This Committee, co-chaired by Lynn and
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John, was tasked to focus on the organization’s positioning in regard to informal science

education. The NARST Board accepted the Committee’s proposed policy statement

(Dierking, Falk, Rennie, Anderson and Ellenbogen 2003) and it was published in a special

issue of the Journal of Research in Science Teaching on Informal Education (Rennie and

Feher 2003). The policy statement was a boost to the field. Not only did it define more

broadly this area of research to include a variety of out-of-school environments, it assisted

NARST in taking a leading role in building a community of researchers and facilitating

opportunities for collaboration with other research areas in NARST. As pointed out by

Dierking et al. (2003), the term ‘‘has significant limitations because it artificially delimits

efforts to describe the type of real world learning that humans engage in daily: learning that

occurs across broad spatial and temporal contexts, both inside and outside of schooling’’ (p.

108). Strand 6 in the NARST conference program, born from this initiative, continues to

grow in strength, and 11 years later, another special issue of the Journal of Research in

Science Teaching, co-edited by Lynn and Tali Tal was published (Tal and Dierking 2014).

This special issue has a theme of learning science in out-of-school, everyday situations

other than museums, a theme which, as Tali Tal explained, ‘‘allowed us to discuss some of

the more recent developments in the field of learning science in everyday life’’ (personal

communication, October 1, 2014). Lynn and John also were the founding, and until

recently, co-editors of the special Learning Science in Everyday Life section of the journal

Science Education which for more than a decade has represented a major vehicle for

disseminating scholarly research in the area of lifelong, free-choice science learning.

One of the overarching problems in research relating to learning from informal edu-

cational institutions like museums is measuring impact. Increasingly, the measurement of

impact has significant economic implications because so many of these institutions rely on

public funding and are therefore subject to pressure to demonstrate accountability. Three

decades ago, Falk, Koran, and Dierking (1986) wrote ‘‘unfortunately, because of the

unstructured nature of learning, museums never know with certainty what impact they have

on the publics they serve’’ (p. 507). John and Lynn have been at the forefront of several

initiatives to try to find answers to this problem using ideas that resonate well with the

Directors of such institutions. Per-Edvin Persson explains:

John and Lynn are very special researchers, as they have focused their research on

issues that are of prime importance to the development of the field, and that are

important from a Director’s point of view, as well. They have done research that is

directly applicable to the everyday life of an institution. A rare compliment to

academic researchers, methinks.

[One] piece of work that I think [is] particularly important… is the article by John H.

Falk, Carol Scott, Lynn D. Dierking, Leonie Rennie and Mika Cohen Jones, pub-

lished in 2004 and entitled ‘‘Interactives and visitor learning’’ (Curator, 47,

171–198). I personally think this is one of the most significant papers ever published

in the museum or science center field, as it shows that science centers have mea-

surable long-term effects related to appreciation and understanding of science. This

was the first piece of evidence showing it clearly, and I still remember that I made

my Board read the article right away (well, at least I provided them copies and a

strong suggestion). (Per-Edvin Persson, personal communication, March 22, 2014)

Much more recently, John and Lynn have been leaders of an international project to

measure the impact of science centers. Per-Edvin relates how this came about.
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John led a very important cooperative study in 2013–14, the International Science

Centre Impact Study, with 17 participating science centers from 13 countries. The

report was published in February 2014. The whole effort started from a conversation

John and I had in September 2011 in Cape Town, at the 6th Science Centre World

Conference. He said he thought he could prove that success in the formal education

system is related to science centers, to which I retorted ‘‘then we have to do it’’. I

managed to persuade enough of my colleagues to collect the money needed, and off

he went to produce the research and to prove what he intended to. (Per-Edvin

Persson, personal communication, March 22, 2014)

Elizabeth Hoyas explained the importance of this study:

The empiric evidence lets us understand the correlations between visiting an inter-

active science center, and the interest, knowledge, understanding and identity with

science and technology of the visitor. This is a valuable project not only to prove the

importance of the interactive science centers in the society, but to give us excellent

new tools to understand much better what we do and to improve our processes. Now,

we are much more conscious of the responsibility and opportunity to keep devel-

oping our field, implementing innovation in our practices, and the importance of

evaluation to keep learning and growing to serve our communities much better.

(Elı́zabeth Hoyos, personal communication March 11, 2014)

In 2006, John and Lynn moved from Annapolis and the Institute (although still retaining

links, John as President Emeritus and Lynn as Vice President for Special Initiatives) to

Oregon State University (OSU), to share the full-time tenured position of Sea Grant

Professor of Free-Choice STEM Learning. This move into the academy was an effort to

foster the next generation of learning leaders that understand lifelong STEM learning, in

particular, the free-choice learning field. At OSU they have helped to create the first

Master’s and Doctoral programs in the world focused solely on free-choice learning, in the

process assisting to transform the College of Science’s, and ultimately the College of

Education’s education programs from a focus on formal education to one focused on

learning across the entire lifespan. In this way, all of OSU has become aware of and

supportive of free-choice learning. Their move to a more formal academic role was new to

neither John nor Lynn, as Lynn had been a tenure track faculty member and both had held

visiting and/or honorary roles at several universities. Being half-time professors at OSU

allowed them to continue to work on grants and undertake consulting, nationally and

internationally, thus continuing to spread knowledge and understanding through their

research in free-choice learning. Scott Pattison, a doctoral student at Oregon State

University, explains

My first introduction to the theoretical and empirical foundations of the field of free-

choice STEM learning was through John and Lynn’s seminal works. These publi-

cations have defined and shaped the academic and professional discourse in this field

for over three decades and have helped to organize a disparate group of researchers

and educators into a more coherent field of professionals. Like so many of us, John

and Lynn’s books helped me see my work as part of a larger whole and inspired me

to question my educational goals and seek evidence for the approaches underlying

my work. Together, Lynn and John created one of the most influential frameworks

for understanding free-choice STEM learning. Their contextual model helped to put

‘‘learning’’ front and center in our work and connected free-choice learning to the
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other major disciplines of social science, including education, sociology, and psy-

chology. (Scott Pattison, personal communication, March 17, 2014)

Not only is free-choice learning connected to other disciplines, as Scott pointed out, it

occurs in a ‘‘learning landscape’’ that includes, beyond formal and informal educational

institutions, the various media, libraries and other community-based resources and people’s

hobby groups and workplaces. John and Lynn have suggested that future research should

include not only this learning landscape, but ‘‘an ecology of learning for life’’ (Falk and

Dierking 2012, p. 1074). For adults, particularly, there are so many offerings that ‘‘compete

in the leisure marketplace; all are attempting to put the learner’s needs and interests first.

This changed learning landscape makes historical top-down models of science learning

research as obsolete as the institutions sponsoring them’’ (p. 1075). Also obsolete, John and

Lynn suggest, are narrow notions of learning conceptualized in academic contexts. Instead,

they argue, ‘‘we need a more learner-centered approach to science education research that

places issues of learner motivation and identity at the center of inquiry’’ (p. 1075). This

enables us

to situate the learner at the center rather than the periphery of the learning process; as

an active co-contributor, not merely a passive recipient. In order to meaningfully

understand what learning is but even more importantly, why it happens, studies also

should frame learning within the larger ecological context of an individual’s life and

the learning landscape in which he or she participates. (Falk and Dierking 2012,

p. 1076)

They also have continued efforts at OSU that they had initiated earlier through the

Institute. For example, in August 2009, they hosted a National Science Foundation-funded

international invitational conference, 2020 Vision. The meeting was specifically designed

to examine the opportunities, challenges, and barriers to developing cross-cutting research

questions and paradigms that integrate better understandings of learning as a personally

constructed, life-long process of making meaning, as well as to propose a range of new

visions for possible future research directions. Researchers investigating K-12, collegiate

teaching and free-choice learning were invited to participate; this issue represents the

culmination of that effort.

John and Lynn do not merely argue for these more holistic approaches to research; they

demonstrate them. Together, in April 2013, they delivered an Education & Human

Resources Distinguished Lecture at the US National Science Foundation, an honor in

recognition of their leadership within the STEM education field. This lecture provided an

overview of their recent contributions to the field, with Lynn first detailing thinking about

where, when, how, why, and with whom learning happens and focusing on the bottom-up

perspective, efforts to deeply understand learning and learning ecologies from learners’

own perspectives. Lynn illustrated her theme from the NSF Cascading Influences project,

completed with Dale McCreedy (McCreedy and Dierking 2013) and described earlier. In

the second part of this presentation, John talked about the top-down view that focuses on

understanding the structure and functioning of existing, as well as potential, interrela-

tionships between actors and agents in a broad learning landscape, using findings from his

longitudinal study of the contribution of science learning resources in Los Angeles (Falk

and Needham 2013) and review of the science education community in the United

Kingdom (Falk, Dierking, Osborne, Wenger, Dawson and Wong 2015).
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A final note

John Falk and Lynn Dierking have published together for three decades, so it is not

surprising that their names are often mentioned together, and sometimes it is easy to think

of them as one. However, as is often the case with people working well together, the sum is

more than the parts. They work jointly in complementary ways, but also separately, making

significant and valued contributions to both research and practice. John and Lynn were

both named to the Centennial Honor Roll of the American Association of Museums, as

members of the 100 most influential individuals in the museum community, 1906–2006,

and both were recipients in 2010 of the John Cotton Dana Award for Leadership from the

American Association of Museums, the highest honor bestowed on persons outside the

museum field who exhibit outstanding leadership and promote the educational responsi-

bility and capacity of museums. These honors, and the contents of their leadership pre-

sentation described above, emphasize that John and Lynn are about quality learning,

particularly in STEM, both free choice as it happens in institutions like museums but also

in other out-of-school situations, for the whole of life. Jrene Rahm describes this com-

mitment to a quality education for all (one that she shares), a commitment

that everybody on this planet should have access to quality opportunities to engage

with science and have fun with it. … something we tend to forget, that most of us do

engage with science in genuine ways and ways that mark us for life, yet such ways

are not necessarily recognized by the system or sometimes not even by us as doing

science. Yet, they are part of life-long learning and our identity or who we are and

are becoming, while they also attest to our creativity and potential as learners and

actions that may one day make for a revolution of the learning landscape! (Jrene

Rahm, personal communication, March 29, 2014)

John and Lynn continue as Sea Grant Professors at OSU. Lynn is also currently

Associate Dean for Research in the College of Education. In 2012, John founded and was

initial Director of the university-wide Center for Research on Lifelong STEM Learning.

This Center recognizes the multiple STEM-related issues faced in the current century and

has a mission to help individuals become life-long STEM learners and practitioners across

all settings through applied research and evaluation geared at answering questions that

emerge from practice and policy. Through both free-choice learning and discipline-based

education research, the Center ‘‘works to advance these capacities by initiating new,

foundational lines of research, coordinating existing activities across disciplines, curricular

levels and research areas and by providing a forum for the cross-pollination of ideas with a

wider-base of expertise to address cross-cutting STEM-learning-related challenges’’

(http://stem.science.oregonstate.edu/). Both John and Lynn are affiliate researchers in the

Center and continue to actively engage in research, collectively and individually, serving

as principal or co-principal investigators on several major grants relating to free-choice

STEM learning. John also serves on the Center’s National Advisory Board. In 2014, John,

Lynn and a colleague in Portland reincorporated the Institute for Learning Innovation in

Oregon. It had closed its doors in Maryland in 2012, and the re-opening was endorsed by

the former board of directors. In this re-invention, its mission has been redefined as the role

that lifelong, life-wide and life-deep learning, in particular free-choice learning, can play in

helping to address critical issues facing the world. At the time of writing, three areas of

focus have been identified: (1) The environment and sustainability; (2) health and well-
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being; and, (3) equity and public value. This promises to be another significant support to

the field of life-long learning particularly as it relates to STEM education.

As I close this article, I am reminded of a very warm night in Canberra, Australia in

February 2002. The 3rd Science Centre World Congress held its Conference Dinner in the

Great Hall of Australia’s Parliament House. There, long after people like me had retired,

exhausted, John and Lynn remained dancing together with amazing energy. I hope they

continue to dance together for a very long time, and we researchers will continue to reap

the benefits of their incredible contribution to the field of free-choice learning, especially in

science.
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