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The Next Generation Science Standards (NGSS) are a recent set of standards 

that leverage decades of research to present an innovative and coherent image for K-

12 science education in the United States. Major themes in the NGSS include the 

intertwining of learning and doing science, addressing connections across scientific 

disciplines, developing coherent learning progressions across the K-12 spectrum, 

integrating engineering, and coordinating science standards with the Common Core 

State Standards for English Language Arts and Mathematics (Bybee, 2014; Pratt, 

2013).  An additional key focus of the standards, particularly relevant to this study, is 

providing students the opportunity to engage in the practices authentic to the 

discipline of science (Xiang & Passmore, 2014).  However, developing teaching 

practices that embrace this ambitious orientation toward science teaching and learning 

will require a significant shift of instructional practices for many teachers (Reiser, 



 

 

2013).  This study, presented as two manuscripts, explores the beginning of the 

implementation process in a K-12 school district by characterizing teachers’ response 

to the NGSS, and the ways in which that response is systemically mediated. 

  The first manuscript studies and characterizes teachers’ classroom practice in 

light of the adoption and implementation of the NGSS in a K-12 school district.  

Classroom observations were conducted over a two-year period guided by the 

Practices of Science Observation Protocol (P-SOP) (Forbes, Biggers, & Zangori, 

2013) to characterize the ways in which teachers provided students opportunities to 

engage in scientific practices.  Findings discussed in this manuscript include patterns 

of teachers’ classroom practice as it relates to the inclusion of scientific practices, and 

the activity structures teachers used to facilitate student participation in scientific 

practices.  Notable patterns include the prevalence of some dimensions of scientific 

practice, and the limited occurrence of other dimensions of practice.  Additionally, 

some classroom activity structures were found more likely to be used by teachers to 

engage students in scientific practices than others.  Implications of these findings 

regarding opportunities for teacher learning related to the NGSS are also discussed. 

The second manuscript documents and describes the unfolding of the NGSS 

in the school district, and explores the ways in which the complex work of 

negotiating the implementation of the new standards by teachers is systemically 

mediated.  Using qualitative research methods and cultural historical activity theory 

(CHAT) (Engeström, 1987), component parts of activity systems were identified that 

influenced teachers’ work related to the NGSS.  Using a third-generation CHAT 

framing, tensions among the activity systems’ levels were identified that influenced 



 

 

the outcome as teachers’ negotiated the NGSS, and its potential influence on their 

classroom practice. Main findings include the identification of three levels of activity 

systems that impact teachers’ response to the NGSS.  Further, tensions among the 

differing objects of activity systems, and tensions regarding key points of contact 

among the levels of activity systems were found to mediate teachers’ response to the 

standards.  Implications of these findings for facilitating the implementation of the 

NGSS are also discussed. 
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Introduction 

  

In this dissertation, I explore the ways the introduction of the Next Generation Science 

Standards influences teachers’ practice in a K-12 school district that has adopted these new 

science standards. In order to situate this study in the broader context of science education 

research, I will first provide a brief overview of the development of the Next Generation Science 

Standards as this reform effort is at the center of this study. I then provide an overview of 

implementation research used in studying education reform efforts.  Lastly, I provide rationale 

for why this particular study is pertinent and timely, and an overview of the research framework 

that informs this study, before finally turning to the significance of this study. 

 

Background 

 

Overview of the Next Generation Science Standards 

 

The Next Generation Science Standards (NGSS) are an innovative set of K-12 science 

standards that draw on decades of research regarding the teaching and learning of science, and 

are designed with the goal of preparing all K-12 students for the challenges they will face in our 

increasingly technological society (NGSS Lead States, 2013). The standards build on the 

Framework for K-12 science education: Practices, crosscutting concepts and core ideas, written 

in 2012, that both synthesized the research base informing K-12 science education, and provided 

a detailed explication of a vision of science teaching and learning in the K-12 context (National 

Research Council, 2012).  Major themes in the NGSS include the intertwining of learning and 

doing science, addressing connections across scientific disciplines, developing coherent learning 



2 

 

 

progressions across the K-12 spectrum, integrating engineering, and coordinating science 

standards with the Common Core State Standards for English Language Arts and Mathematics 

(Bybee, 2014; Pratt, 2013).  

Additionally, unlike previous K-12 standards efforts, in which individual states 

developed state standards based on documents such as the National Science Education Standards 

(NRC, 1996), the NGSS were developed with the intention of all states adopting them in their 

entirety as written (Pruitt, 2014).  The standards document itself contains sets of performance 

expectations that intertwine key disciplinary core ideas, scientific practices, and crosscutting 

concepts to describe what students should be able to do.  For instance, one middle school 

physical science performance expectation states, “Use mathematical representation to describe a 

simple model for waves that include how the amplitude is related to the energy in the wave” 

(NGSS Lead States, 2013).  (see Appendix A for full performance expectation as it appears in 

the NGSS document).  This performance expectation describes what middle school students 

should be able to do in relation to their science learning regarding the concept of waves, and 

demonstrates the intertwining of the scientific practice of modeling, the disciplinary core idea of 

waves, and the crosscutting concept of patterns. 

Development of the NGSS was coordinated across 26 “lead” states, most of whom, to 

date, have adopted or are in the process of considering adoption.  While a state’s adoption of the 

standards is a move of support of teaching and learning envisioned in the standards, it is largely 

through legal and political processes that educational standards are adopted (Pruitt, 2014). The 

process of adoption of standards is a distinct process from the enactment of the standards in the 

classroom.  Introducing standards into the actual site of instruction, the classroom, occurs 

through the process of implementation.  Bybee (2014) describes the process of implementation 
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and highlights many of the contextual and systemic factors that influence this process (see Figure 

1).  This schematic is a useful frame in that it depicts the targeting of student learning as the 

 

goal of standards adoption and implementation, but also highlights the variety of the entities and 

multiple systems that mediate this goal, including teacher learning, curriculum, and assessment. 

There are a number of ways in which researchers have taken on work related to further 

understanding the process of implementation in educational systems, and an overview of these 

perspectives will be discussed briefly below. 

 

 

 

Figure 1: A model of systemic components influencing the implementation of new 

standards (from Bybee, 2014) 
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Overview of implementation research 

 

While a full overview of policy implementation research and all its concomitant 

complexities is beyond the scope of this dissertation, it is useful to at least briefly characterize 

common perspectives found in implementation research as a means of situating this particular 

study. Implementation research concerning education policies has a long history dating back to at 

least Pressman and Wildavsky’s (1979) foundational study of an Economic Development 

Administration project that went poorly in Oakland, California (O’Toole, 2000).  In 

characterizing ensuing implementation research, three broad waves have been identified (Honig, 

2006; Odden, 1991; Goggin, M., Bowman, A.O., Lester, J. & O’Toole, L., 1990).  First wave 

studies of implementation were typically large-scale studies of the policies, and almost 

universally found as an outcome a failure to achieve significant implementation as envisioned by 

the policy (Honig, 2006).  Early studies in policy implementation identified barriers of local 

factors such as intra-organizational relationships, commitment to change, and organizational 

complexity.  Collectively these barriers are often talked about as matters of “capacity and will” 

(Odden, 1991), and viewed as potential impediments to successful implementation (McLaughlin, 

1987).  The offered solution to these perceived problems of implementation was assumed to rest 

in the policy design itself, and its potential to exert a successful combination of pressure and 

support to potential implementers (McLaughlin & Pfiefer, 1988).  

The second-wave of implementation studies concerning education policy moved beyond 

identifying impediments to reform.  While fidelity of implementation and ways to reduce the gap 

between the envisioned changes of the policy and the actual outcomes continued to be a strong 

theme in this wave of implementation research, there was also recognition that “variations 
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among policy, people, and places” mattered to implementation (Honig, 2006, p. 6), but the ways 

in which they mattered remained largely undertheorized.  Innovations of this wave of research 

included lists of “pitfalls” (Elmore, 1983) policy-makers could avoid in order to have their 

policies implemented with more fidelity.  Inherent in this wave of implementation is a continuing 

top-down orientation toward the understanding and characterization of policy implementation 

that is problematic in that it fails to relate teachers’ classroom practices to the broader contexts in 

which teachers’ operate (Matland, 1995).  

To move beyond some of the limitations of the previous waves of implementation 

research, a third-wave has developed that views implementation in a less top-down manner, and 

uses analytic frames to study implementation more holistically and contextually (McLaughlin, 

1987).  Further, specific to education reform, this perspective takes seriously the idea that 

teaching is complex and always occurring within multiple levels of larger systems. Further, these 

systems have become increasingly complex with increased policy demands particularly in the 

form of accountability mandates (Honig, 2006).  Despite significant movement in 

implementation research toward a third-wave of studies, a common paradigm that counters this 

movement, fidelity of implementation, lingering since the first wave, is often found in 

implementation research (Dhillon, Darrow, & Meyers, 2015), and is driven by the central 

argument that higher fidelity of implementation is associated with more significant intended 

outcomes (Dane & Schneider, 1998).  While research into the fidelity of implementation has 

been helpful in elucidating the incredible variety of factors involved in implementation, this 

framing has limitations in addressing some of the complex interactions that exist between those 

that implement reform, such as teachers, and the contexts in which these implements exist.  It is, 

in part, these types of limitations that provide a motivation for this study.  
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Rationale for the study 

 

As described previously, the NGSS are a well-evidenced and broadly supported set of 

standards that carry with them a particular vision of K-12 science teaching and 

learning.  However, there is forecasting of potential challenges to implementing the NGSS from 

a variety of stakeholders including scientists, science educators, and education policy makers 

(e.g. Stage, Asturias, Cheuk, Daro, & Hampton, 2013; Kumar, 2013; Bybee, 2014; Pruitt, 

2014).  Some of the larger grain-sized identified challenges range from navigating complicated 

political climates in the wake of the adoption of the Common Core State Standards to addressing 

persistent inequalities in science education that result in poor educational opportunities for 

underrepresented populations of students.  While still relating to systemic concerns, other 

challenges that are more related to this study include the development of aligned curricular 

materials and assessments.  Additional smaller-grained challenges, that are more specific to the 

work of this project, include changes to teaching and learning necessitated by the vision of the 

NGSS, which represents a significant departure from the teaching and learning that occurs in 

many science classrooms (Reiser, 2013). Pruitt (2014) argues that, in fact, “If these aspects [of 

NGSS] are implemented with fidelity, there should be significant change in classroom practice” 

(p. 148).  Changes to classroom practice, which could be necessitated by the NGSS, include what 

science content is covered or the types of practices/strategies that teachers use in the 

classroom.  One key change to classroom practice that is uniquely articulated in the NGSS, and 

that this study takes as its focus, is the need for teachers to engage students in the epistemic 

practices authentic to the discipline of science (Xiang & Passmore, 2014, Pruitt, 2014).  
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The focus on scientific practice is a novel component of the NGSS that derives from a 

science-as-practice stance (Pickering, 1992), and is a new and consequential orientation for 

science education standards that have previously tended to separate science learning into content 

and process (Ford, 2015). The new commitment toward the science-as-practice orientation 

makes studies, such as this dissertation, that investigate the ways in which this stance exists in 

the science classroom particularly timely. Additionally, although significant work in science 

studies and rich descriptions of scientific practice as practiced by communities of scientists exist 

(eg., Latour, 1999; Latour & Woolgar, 1979; Knorr-Cetina, 1999),  there is less clarity in the 

science education community regarding how scientific practice should be enacted and negotiated 

in the science classroom (Duschl, 2008, Manz, 2015).  Stroupe (2014) argues that many features 

of local contexts and resources either afford or limit opportunities for student engagement in 

scientific practice such instructional frameworks, and the ways that these frameworks position 

students as learners in the classroom.   

This study seeks to contribute to lines of inquiry related to science practice in the 

classroom by investigating the ways teachers’ include scientific practices in their classrooms in a 

district that has adopted the Next Generation Science Standards. While the commitment toward 

science-as-practice embodied in the NGSS provides a partial rationale for the focus on the 

inclusion of scientific practice in the classroom, there is an additional reason to highlight this 

particular dimension of the NGSS.  The implementation plan for the state in which this study 

occurs called for a focus on scientific practices as the first part of the NGSS to be implemented 

in the classroom (see Appendix B).  Therefore, while the NGSS ultimately calls for the 

integration of scientific practice, disciplinary core ideas and cross-cutting concepts, this study 

affords the opportunity to better understand the range of ways in which teachers are enacting 
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scientific practices in their classroom as well as surface some features of their classroom 

practices that provide opportunities for students to engage in scientific practice.  While it is 

helpful to “zoom-in” on classroom practice as influenced by the introduction of the NGSS, and 

attend to the reality of the significant change that must occur at the classroom level, this work 

additionally seeks to continually recognize the complexity of the system in which these 

classrooms exist.   

While this study investigates the potential impacts of NGSS at the micro, or classroom, 

level, this study does not intend to separate the micro level from the larger macro level in which 

classrooms exist and teachers practice.  Rather this study is an investigation that simultaneously 

affords a close look at what occurs in the classroom, and also attends to the larger systems to 

which these classroom practices may be responsive to. These larger systems, or macro scale 

considerations, are often explored through a framing of implementation.  Therefore, an additional 

motivation for this study is drawn from the orientation of third-wave implementation research 

that seeks means to elucidate interaction among multiple systems levels.  Honig (2006) captures 

this aim in her argument:   

Rather implementability and success are the product of interactions 

between policies, people, and places - the demands specific policies place 

on implementers; the participants in implementation and their starting 

beliefs, knowledge, and other orientations toward policy demands; and the 

places or contexts that help shape what people can and will 

do.  Implementation research should aim to reveal the policies, people, and 

places that shape how implementation unfolds and provide robust, 

grounded explanations for how interactions among them help explain 

implementation outcomes (p.2). 

 

In seeking to understand the ways in which the NGSS influence teachers classroom practice, the 

study attends to Honig’s (2006) argument by elucidating outcomes in terms of teachers practice, 

identifying influential components of multiple levels of systems, and providing potential 
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explanations drawn from both empirical observation and theoretically derived constructs.   In 

addition to being motivated by aims of third-wave implementation studies, this study also 

attempts to move away from understandings of implementation strictly in terms of fidelity. In a 

recent study regarding the implementation of a science teaching intervention, Buxton, et al. 

(2015) found that a fidelity of implementation perspective failed to capture the complexity of the 

work involved in enacting and negotiating the reform strategies attempting to be 

implemented.  Rather, these researchers sought alternate explanations that position individuals as 

“actors engaged in cultural and social productions, but those productions still take place within 

powerful structures (p. 491)” to offer a more complete explanation of the observed outcomes of 

the intervention.  Ultimately, this study seeks such as repositioning that has the potential to move 

towards a view in which implementation can be studied as complex social interactions rather 

than fixed top-down mandates with clear and measurable outcomes (Guiterrez & Penuel, 2014).  

 

Overview of the study  

 

This dissertation addresses the following research questions:  

1. What patterns of teachers’ engagement of students in scientific practices aligned 

with the Next Generation Science Standards are observed in a K-12 school district 

that has adopted the Next Generation Science Standards? 

2. What activities do teachers in the science classroom use to engage students in 

Next Generation Science Standards-aligned scientific practices? 

3. What systemic components influence science teaching in a K-12 school district 

that has officially adopted the Next Generation Science Standards as policy? 
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4. How are teacher responses to the adoption of the Next Generation Science 

Standards mediated across levels of the education system?  

 

 

To address these research questions, this dissertation study will be presented in two 

manuscripts.  The first manuscript addresses the first two research questions by providing an in-

depth look inside science classrooms of participant teachers in a school district that has adopted 

the Next Generation Science Standards.  This manuscript explores ways to describe and 

document teachers’ inclusion of scientific practices, a major and potentially challenging 

dimension of the NGSS, in the classroom.  In addition to surfacing a particular phenomenon, 

changes in classroom practice in light of the NGSS, this manuscript documents the types of 

classroom activities teachers use in order to engage their students in scientific practice as a 

means of further understanding the ways in which pedagogies needed to support NGSS intersect 

with teachers’ classroom practice repertoire.  

The remaining two research questions that coordinate multiple levels of systems involved 

in teachers’ interactions with the NGSS, are addressed in the second manuscript.  Specifically, 

the second manuscript uses Cultural Historical Activity Theory (CHAT) to identify the key 

components of the activity systems that are influential in teachers’ classroom practice in regard 

to the NGSS.  Additionally, interactions among and tensions within the levels of activity systems 

are identified to explore the way these interactions supported or constrained particular outcomes 

observed in teachers’ classroom practice.     
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Research Frame 

  

In engaging in the work of this dissertation, an important consideration was the 

development of a research framework.  This process was aided by Crotty’s (1998) framework of 

research that addresses four questions: 1. What epistemology informs the research? 2. What 

theoretical perspectives underlie the methodology? 3. What methodology informs the methods 

selected? 4: What methods are used? I will attend to each of these questions below.  However, 

before doing so it should be noted that while the framework is helpful for making explicit core 

commitments and assumptions that undergird the study, the upfront declaration of a framework 

does not necessarily accurately represent the chronology in which the framework was 

derived.  Rather, while some broader paradigms were drawn upon to initiate the study, others 

were developed in response to phenomenon surfaced during the study itself consistent with 

Denzin and Lincoln’s (2000) description of qualitative research. 

Epistemological perspective 

  

This research was informed by an epistemological stance in which knowledge is viewed 

as socially constructed.  Core assumptions of this position include that humans engage in 

subjective meaning making in order to understand their experiences, multiple meanings of the 

same experience can exist, and that meaning making is negotiated in community and influenced 

by social and historical contexts (Creswell, 2003).  Given this orientation, I, as a researcher, 

reject a conception of a single objective reality that can be unproblematically studied by a neutral 

observer.  Rather, I recognize that as I attempt to describe and characterize teachers’ classroom 

practice, and understand the ways in which this practice is mediated by the multiple levels of 

systems in which this practice occurs, there are multiple perspectives and experiences that inform 
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this characterization.  Therefore, as a researcher, I was intentional in seeking, valuing, and trying 

to make sense of phenomenon from multiple participant perspectives. However, as a researcher, I 

was not a neutral collector and reporter of these accounts. Rather, everything from the particular 

questions I asked to the way in which I interpreted, and theoretically framed the results are also 

mediated by the way in which I view the world in which I was working. That being said, in order 

to avoid delving into a relativistic morass in which all perspectives and framing are considered 

equally valid and useful, I instead am upfront about the epistemological stance I take as a 

researcher, and the theoretical frameworks that I use to understand phenomenon in the study in 

order to provide a measure of trustworthiness and reliability regarding both claims made and the 

evidence used to support these claims.   

 
 

Frameworks employed 

  

Two main theoretical frameworks were employed in this study as lenses through which 

phenomena were viewed and understood: practice theory and Cultural Historical Activity Theory 

(CHAT).  Briefly, practice theory stems from the work of Bourdieu (1977, 1984) and seeks to 

explain the ways in which people view and structure their world which, in turn, has significant 

consequences on their enactment of routines (Gram-Hanssen, 2010). Practice theory is 

employed, and is further explained as a framework in the first manuscript though it serves 

primarily as a means of exploring the importance of practice as both arising in relationship to the 

world in which it exists as well as a means for individuals to negotiate the complexities of the 

world to engage in productive activity. 
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 Additionally, CHAT is used in the second manuscript as a lens through which to identify 

influential components of multiple activity systems that influence teachers classroom practice, as 

well as analyze the interactions of these activity systems and tensions within that contribute 

toward noted outcomes. CHAT draws on tenets of activity theory in its recognition that activity 

as performed by subjects is mediated by artifacts such as culturally available tools.  However, 

unique to CHAT is both a focus on activity as a unit of analysis as well as a focus on the rules, 

community, and division of labor that fundamentally interact with that activity (Engeström, 

1999).  The framework will be further explicated in the second manuscript as well as a 

justification for the use of this framework. 

 Given that multiple frameworks are used in the study, it is worthwhile to the overall 

coherence of the study to briefly consider the ways in which these frameworks are conversant 

with each other.  A notable commonality between these frameworks is that while they both 

recognize and value the individual, neither make the individual or any aspect of the individual 

(i.e. cognitions, dispositions, motivations, etc) the unit of analysis for understanding 

phenomena.  Rather, practice theory focuses on practice as the key unit of analysis while activity 

theory focuses on activity.  This rather begs the question then, “What is the relationship between 

practice and activity?” for which there is not necessarily a straightforward answer. It can help to 

consider common definitions of the two constructs.  Accordingly, both Holland (2001) and 

Wenger (1998) emphasize practice as interaction with the environment through structured 

activity, and Cook and Brown (1999) expand on this conceptualization of practice by noting that 

practice carries with it the wisdom of the community in which that practice is 

situated.   Likewise, activity has been conceptualized as “a coherent, stable, relatively long-term 

endeavor directed to a definite goal or object” (Roschelle, 1998, p. 243).  Wertsch, Tulviste, & 
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Hagstrom (1993) describe human activity as a process that both influences and is influenced by 

mediating artifacts including signs and tools, and participation in activity has the dual effect of 

contributing to the development of both the individual subject and changes in the evolving 

environment. 

In considering these characterizations, there is notable intertwining of the two concepts as 

demonstrated in Lave’s (1993) observation, “Research on everyday practice typically focuses on 

the activities of the person acting, although there is agreement that such phenomena cannot be 

analyzed apart from the socially material world of that activity (p. 5).” Additionally, Halverson 

(2003) notes 

[C]ontexts are better seen as activity systems that tie the actor(s), the 

outcomes, and mediating artifacts into a unified system of action. 

Engeström claims that people engage in the tasks of work through 

participation in local activity systems. Understanding and communicating 

work practices requires making the essential aspects of the activity system 

“visible” for reflection and evaluation (p. 8).  

 

Both Lave (1993) and Halverson (2003) are arguing that practice is instantiated in the activities 

in which people engage, and that these are a part of larger activity systems that provide the 

context in which the practice occurs making the concepts of practice and activity quite related to 

each other. 

Ultimately, both frameworks draw from a common stance that shifts the unit of analysis 

away from the individual, and take seriously the interconnectedness of what humans do and the 

context in which they do it.  While subtle, studies invoking practice theory tend to have a slight 

foregrounding of particular actions while studies invoking activity theory tend to lack this 

foregrounding, and tend to focus more holistically on systems in which the activity occurs.  This 

convention is followed in the selection of frameworks for this study, with the first manuscript 
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and its tighter focus on teachers’ classroom practice using a framework of practice theory, and 

the second manuscript with its focus on levels of systems using a form of activity theory.    

 

Methodological orientation 

 

This study is most strongly aligned with a phenomenological or naturalistic stance toward 

research. Creswell (2003) describes this stance as one in which “the researcher identifies the 

‘essence’ of human experiences concerning a phenomenon” (p. 15).  Merriam (2003) further 

describes as a phenomenological stance as one which data is derived from both the participants 

and researchers first-hand experiences with the phenomenon of interest. In other words, by 

identifying a phenomenological stance, I am claiming an orientation that recognizes a particular 

phenomenon of interest and seeks to use participants’ experience as a means of understanding 

the phenomenon. There were also tenets of my methodology influenced by an ethnographic 

stance that also orient my methods particularly around the second manuscript.  These include 

foregrounding participant perspectives (Erickson, 1984), and the commitment to spend sufficient 

time in the field to gain access to multiple sources of data (Glesne, 2006).   

 These orientations are consistent with my epistemological framing of social 

constructivism as both my methodology and epistemology recognize the constructed nature of 

human knowledge via meaning-making based on experience rather than a single objective 

reality.  Additionally, my methods are influenced by my methodological orientation in that 

multiple streams of data were sought that would allow for a rich understanding and description 

of the phenomenon of interest, teacher practice as it is influenced by the NGSS.  
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Methods used  

  

While each manuscript will describe in much greater detail the specific methods used, I 

will briefly provide a brief overview here regarding participant selection and methods of data 

collection.   

Sample Population 

Consistent with both my epistemological and methodological commitments, I sought a 

sample population with which I had a relationship that would allow me the significant access to 

the many system components that influence teachers’ classroom practice.  Having a growing 

partnership with a school district in close proximity to a university with which I am affiliated, I 

sought permission from that district’s administration to engage in this multi-year study. After 

receiving consent from the district administration, via e-mail I explained my research interest and 

invited participation by all district science teachers including all elementary school 

teachers.  From this request for participation, six classroom teachers agreed to take part in the 

study.  Additionally, participants with other roles in the district were sought including the 

assistant superintendent in charge of teaching and learning in the district, and the elementary 

science kit coordinator for the district.      

Data collection 

The main sources of data that inform this study include classroom observations, 

interviews, artifact collection, and participant observation of district sponsored NGSS sponsored 

professional development.  Selection of an observation protocol to guide and structure classroom 

observation proved to be an unexpected challenge.  Given the timeframe of this study in relation 

to the recent development of the NGSS there was a limited selection of protocols that would 

surface teachers’ classroom practice in relationship to the NGSS. Protocols such as the well-
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known RTOP instrument (Sawada et al., 2002) were considered, but rejected due to their lack of 

specificity toward the NGSS.  The Equip Rubric (NGSS Lead States, 2013) was also considered 

due to its strong alignment with the NGSS.  However, the current purposes of the rubric have 

been mainly identified as a tool to evaluate curricular resources, and it proved unsuitable for an 

observation protocol. Ultimately the Practices of Science Observation Protocol (P-SOP) (Forbes, 

Biggers, and Zangori, 2013) was selected to guide data collection with regard to classroom 

observation. 

Interview data was collected using semi-structured interview protocols.  Prior to 

conducting interviews, the protocols were shared with experts in the field for feedback regarding 

their utility in surfacing essential features of participants’ understanding of the 

phenomenon.  Artifact collection occurred via publically available websites. With permission of 

the district, I participated with teachers in all district sponsored professional development related 

to NGSS, and kept detailed field notes of these experiences. 

 

Ethical considerations 

  

Finally, while not explicitly included Crotty’s (1998) framework for developing a 

research frame, an additional aspect of my research frame is attending to ethical considerations 

as they unfold when working with teacher participants.  I, of course, took as a minimum my 

obligations regarding human subjects’ research as mandated by the Institutional Review Board 

(IRB).  However, beyond this minimum, a core ethical commitment I made in approaching this 

research was to avoid deficit perspectives that would position teachers as lacking in attributes or 

capabilities (Carlone, 2015). The problematic nature of deficit perspectives is well-documented 
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in the education literature both in regard to children (Garcia & Guerra, 2004), and in particular 

relevance to this study, teachers themselves (Simon & Tzur, 1999). I see a non-deficit stance as 

not only important as a matter of respect toward the participant teachers, and the challenging 

work in which they are engaged, but also as arising from my epistemological commitments 

regarding the socially constructed nature of knowledge. While this dissertation attempts to 

develop accounts of teachers’ practice in relation to the NGSS from both observation of the 

classroom work of teachers and their descriptions of this work, all descriptions ultimately are 

mediated by me as a researcher replete with the theoretical constructs I deem relevant to the 

research.  Therefore, what I may consider significant and foreground in teachers’ practice may 

not be a focal concern of the way they frame their work calling into question the idea of a deficit 

of what and according to whom? Given this realization, it seems particularly important to avoid 

notions of deficit or deficiency when attempting to describe and understand teachers’ practice, 

and I seek to avoid this perspective both in conducting research and presenting on this study. 

 

 

Significance of the study 

  

This dissertation and its study of teachers’ response to the NGSS in a district that has 

adopted the standards, offers insight into the potential influence of these standards on classroom 

practice particularly with respect to the inclusion of scientific practices.  Given the emphasis 

within the NGSS on scientific practices, descriptions of how these practices are taken up by 

teachers is useful.  This study surfaces common patterns in the ways in which teachers engage 

their students in scientific practices, and the ways in which they structure classroom activity to 

support students in this work.  By identifying these common patterns of classroom practice, 
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leverage points between current classroom practice and the NGSS are identified.  While this 

study closely examines teachers’ response to the NGSS as found in classroom practice, this study 

also provides a systemic perspective by describing the ways in which teachers’ response is 

mediated by the systems in which the teachers operate. By attending the multiple systems to 

which teachers are responsive, potential explanations of teachers’ response to the NGSS are 

provided.  
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Making Science Practice Visible in the Classroom: Characterizing Teachers’ Classroom 

Practice as it Relates to the Next Generation Science Standards 

 

Abstract  

 

 The Next Generation Science Standards (NGSS) are a recent standards document that 

leverage decades of research to present an innovative and coherent image for K-12 science 

education in the United States.  A key focus of the standards is providing students the 

opportunity to engage in the practices authentic to the discipline of science (Xiang & Passmore, 

2014).  This manuscript studies and characterizes teachers’ classroom practice in light of the 

adoption and implementation of the NGSS in a K-12 school district.  Classroom observations 

were conducted over a two-year period guided by the Practices of Science Observation Protocol 

(P-SOP) (Forbes, Biggers, & Zangori, 2013) to characterize the ways in which teachers provided 

students opportunities to engage in scientific practices.  Findings discussed in this manuscript 

include patterns of teachers’ classroom practice as it relates to the inclusion of scientific 

practices, and the activity structures teachers used to facilitate student participation in scientific 

practices.  Notable patterns include the prevalence of some dimensions of scientific practice, and 

the limited occurrence of other dimensions of practice.  Additionally, some classroom activity 

structures were more likely to be used by teachers to engage students in scientific practices than 

others.  Implications of these findings regarding opportunities for teacher learning are also 

discussed. 

 

 

 

Introduction 

 

The Framework for K-12 science education (NRC, 2012) and the resulting Next 

Generation Science Standards (NGSS Lead States, 2013) has sought to leverage decades of 
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research in science teaching and learning to set forth an innovative and coherent image of 

science education in the United States. However, the standards represent a significant departure 

from the teaching and learning that occurs in many science classrooms (Reiser, 2013). One key 

change is the engagement of students in the epistemic practices authentic to the discipline of 

science (Xiang & Passmore, 2014), or viewing science learning beyond primarily the acquisition 

of disciplinary content to including learners as active participants in the doing of science (Sfard, 

1998). This perspective views scientific practice as the ensemble of goal-oriented activities in 

which the scientific community engages (Christodoulou & Osborne, 2014). The shift toward 

practice is represented in the NGSS in both the identification of specific scientific practices as 

well as their inclusion throughout each of the specific standards.  Each standard contained in the 

NGSS weaves together a content objective with a particular scientific practice. 

While the framing of the NGSS provides clarity around an understanding of science as 

practice, research demonstrates that, historically, there is less clarity regarding the way such 

scientific practice should be translated and enacted in the K-12 classroom (Duschl, 

2008).  Further obscuring a clear image of scientific practice in schools, are features of 

classroom practice that potentially constrain student interaction with scientific practice. There is 

evidence that “suggests that students may have limited opportunities to engage in the scientific 

practices described in the NGSS” (Trygstad, Smith, Banilower, & Nelson, 2013, p. 13) due to the 

nature of activities frequently found in classroom practice such as significant amounts of time 

devoted to teacher explanation.  Further, simply engaging students in “science-like” activity has 

been shown to lead to rote performance and a focus on skill attainment (Chinn & Malhorta, 

2002; Windschitl, Thompson, & Braaten, 2008), rather than resulting in student participation in 

the process of creating and warranting scientific knowledge (Knorr-Cetina, 1999). Consequently, 
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there is the need for increased clarity regarding how scientific practices might be enacted in the 

classroom, and how these experiences may be supported or constrained by activity structured 

employed by teachers in the classroom.  

Descriptions and characterizations of the ways in which teachers employ scientific 

practice in the classroom are potentially useful for a number of reasons, including understanding 

the influence of the NGSS.  While education reform efforts, such as the development and 

adoption of the NGSS, can be viewed as “top-down” policy changes (Odden, 1991), it is 

ultimately the site of instruction, the classroom, where such interventions exist and unfold 

(Gutiérrez & Penuel, 2014).  Further, Spillane (2000) demonstrates the tendency for those 

engaged as local implementers to “gravitate” toward practices and concepts that are most 

familiar and consistent with current practices. Therefore, in seeking ways to understand the 

impact of adopting the NGSS, a means to characterize and describe change in light of this 

intervention in the classroom is important.  Given the broadness of the term change this study 

identifies teachers’ inclusion of scientific practices in the classroom as a pertinent indicator as 

change.  In addition to addressing questions related to the impact of the NGSS, this study also 

contributes to the broader, ongoing discussion of inclusion of scientific practices in the K-12 

classroom by exploring ways to identify and describe scientific practices in the classroom as well 

as understanding the activity structures teachers used in the classroom to enact the practices, and 

how these may be conversant with currently used teaching practices (Spillane, 2000).  More 

specifically this study addresses the following research questions: 

1. What patterns of teachers’ engagement of students in scientific practices aligned 

with the Next Generation Science Standards in the classroom are observed in a K-

12 school district that has adopted the Next Generation Science Standards? 
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2. What activities do teachers in the science classroom use to engage students in 

Next Generation Science Standards-aligned scientific practices? 

To address these questions, this study uses practice theory (Connell, 1987) to understand 

teachers’ patterns of engaging students in scientific practices, and the classroom activity 

structures that were leveraged to support this engagement.  This study uses classroom 

observation guided by an observation protocol, the Practices of Science Observation Protocol (P-

SOP) that describes opportunities teachers provide for student participation in scientific 

practices. While the commitment toward science-as-practice embodied in the NGSS provides a 

partial rationale for the focus on the inclusion of scientific practice in the classroom, there is an 

additional reason to highlight this particular dimension of the NGSS.  The implementation plan 

for the state in which this study occurs called for a focus on scientific practices as the first part of 

the NGSS to be implemented in the classroom (see Appendix B).  Therefore, while the NGSS 

calls for the integration of scientific practice, disciplinary core ideas and cross-cutting concepts, 

this study affords the opportunity to better understand the range of ways in which teachers are 

enacting scientific practices in their classroom as well as surface some features of their 

classroom practices that provide opportunities for students to engage in scientific practice.      

The classroom observation protocol is coupled with documenting the activity structures 

teachers leverage in the classroom to enable student participation in the practices of 

science.  Analysis of data suggests that teachers’ classroom practice includes some dimensions of 

scientific practice more commonly than other dimensions, and that these dimensions can be 

thought of as “on-ramps” to accessing NGSS.  Teachers’ current repertoire of practices, 

including their choice of activity structures, results in some of dimensions of scientific practice 

remaining underrepresented in the science classroom, and additional curricular and instructional 
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tools and resources will be necessary to support teachers’ development of routines that would 

allow students’ access to these common scientific practices. One such strategy might include 

finding ways to “bridge” these less frequently occurring dimensions of scientific to their more 

commonly occurring counterparts.  Before turning to the specifics of this study and an 

exploration of its findings, an overview of the science-as-practice lens and its development from 

the practice-turn in philosophy of science and science education is described followed by a 

discussion of theoretical framing via practice theory.  

 

Background and framework  

 

Definitions of scientific practice 

 

In order to characterize teachers’ classroom practices aimed at facilitating student 

participation in scientific practices in the classroom, it is helpful to understand what is meant by 

the term scientific practices, and how it has come to be seen as useful in articulating how science 

works.  Rouse (1996) gives a rather broad description of practice as disciplinary, goal-directed 

activity.  As such, scientific practices would be the complete set of activities used in science that 

help forward a particular aim - typically the creation of evidenced based explanations of the 

natural world (Giere, Bickle, & Mauldin, 2006) through sustained investigations (NRC, 

2012).  Stroupe (2015) furthers the characterization of scientific practices in describing them as 

the “learnable and valued dimensions of disciplinary work, both tacit and explicit, that people 

develop over time in a specific place, such as a laboratory, field station or classroom (p. 

1034).”  Stroupe’s (2015) definition, rooted in the work of scholars such as Duschl (2008) and 

Lehrer and Schauble (2006), highlights important facets of practice in that there is both a 
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material dimension (tools, specimens, settings, etc.), and a social dimension (people, values, 

norms, etc.) that work in concert to achieve a particular shared goal. 

Development of science-as-practice from science studies 

 

The understanding of science as practice as espoused by the science education 

community is strongly influenced by the “practice-turn” in philosophy of science and science 

studies.  The “practice-turn”, noted for both its significance and long-lasting contributions to 

philosophy of science (Mody, 2015), arose from earlier “Wave-One” or “golden-age” (Collins & 

Evans, 2002) science studies that utilized Mertonian (1942) sociology to identify norms that 

could account for both successful knowledge creation in science as well as the authoritative 

nature of science characteristic of this period.  While these norms collectively represented an 

“ethos” (Merton, 1942) of science, they failed to accurately represent the complexity of scientific 

practice. However, by the 1960’s and 70’s, influenced in part by the work of Kuhn (1962), 

“Wave-Two” (Collins, 2015) science studies scholars began to attend to the complexity and 

inherent messiness that exists in scientific practice, and its dependence on context.  Scientific 

practice was no longer viewed as an entity outside of the influence of human endeavors, but was 

rather a product of such endeavors.  Therefore, science studies moved from identifying universal 

norms, rules, and methods of science to creating rich descriptions of scientific practice.  Studies 

such as Latour and Woolgar’s (1979) Laboratory Life: The social construction of facts, are 

emblematic of the type of ethnographic methodology conducted to create such descriptions. A 

focus on the authentic practices of science emerged through these studies as evidenced by 

Latour’s (1999) statement that, "The only way to understand the reality of science studies is to 

follow what science studies do best, that is, paying close attention to the details of scientific 
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practice (p. 24).” The practice-turn has resulted in an epistemology that “an understanding of 

scientific knowledge requires a thick engagement in scientific practice (Mody, 2015, p. 

1026).”  In other words, a science-as-practice lens inextricably links scientific knowledge with 

the practices employed in the service of generating this knowledge. 

Science-as-practice perspective in science education 

 

The practice-turn in philosophy of science has had strong implications for science 

education, with a concomitant shift evidenced by, amongst other things, the adoption of scientific 

practices into the NGSS.  However, a science-as-practice perspective toward science learning 

does not remain entirely unproblematic for science education.  In particular, there is not 

necessarily a straight-forward translation between scientific practices that are utilized by the 

scientific community and scientific practices that would also be of use in a science classroom 

(Berland et al, 2015). While science studies identifies practice as the sum total of purposeful 

activities scientists engage in as a community, the science classroom is a distinct community that 

does not share all the features and goals of the scientific community.  Therefore, a goal in 

science education has been to identify core scientific practices that maintain fidelity with the 

work of the science community, but that also attend to the unique nature of the science classroom 

and that are likely to contribute to learners’ scientific development.   Drawing from the work of 

Klahr and Dunbar (1988) and Gierre, Bickle, and Maudlin (2006), Osborne (2011) created a  
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Figure 2: A model of the practices of science (from Osborne, 2011) 

model of scientific practice demonstrating the key dimensions and relationships necessary to 

engage in the work of science, as can be seen in Figure 2.  This model served as a blueprint for 

identifying practices pertinent to science education in the framework document upon which the 

NGSS were based (NRC, 2012).  

There are further challenges toward the development of an articulated set of scientific 

practices that have to do with the nature of practice itself. Practice, as it describes a complex 

activity carried out by a community of practitioners, in many ways defies reduction to a set of 

universal rules (Ford, 2015).  Rather, inherent within any description of practice is an 

understanding by practitioners of both the context in which such rules operate and when the rules 

should be deployed.  A characterization of practice contains not simply the agent and action, but 

also an understanding by the practitioner of the configuration of the world in which the agent and 

action operate (Rouse, 1996).  Specifically, Rouse (2007) argues that a description of practices 

always carries with it an implied understanding of when to perform a constituent practice, that 
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constituent practices are interconnected, that engagement in practice is outcome-oriented, and 

that practices are normed by the practitioner community by their usefulness in achieving this 

shared outcome.  Therefore, while identification of component practices that constitute scientific 

practice is helpful, a more robust characterization of how science works requires attending to the 

full nature and complexity of the context in which these practices are employed. 

Socio-cultural entailments in a science-as-practice framing in education 

 

Therefore, while the NGSS do articulate a set of core scientific practices, there is the 

accompanying recognition by science educators that embrace a science-as-practice perspective 

that a decontextualized articulation of component practices is neither sufficient to fully 

characterize science, nor to understand the way in which students can learn science through their 

participation in such practices (Calabrese Barton, Tan, & Rivit 2008; Berland, et al., 

2015).  Rather, Campbell (2015) argues that socio-cultural perspectives of learning are necessary 

to understand and are inherent to the NGSS.  Manz (2014) argues that sociocultural perspectives, 

“emphasize students’ participation in negotiating and adapting (rather than enacting or adopting) 

practices and explore the ways that students’ goals, established practices, and communities 

interact with the practices that are the target of instruction”  (p. 2). Without such a lens, practices 

risk becoming decontextualized and simply another list of skills rather than a powerful tool used 

to created explanations of the natural world.  Berland, et al. (2015) expand on this with the claim 

that, “The practice based approach asks that students experience their actions as purposefully 

moving toward a sense-making goal (p. 5).” This requires that students engage in scientific 

practices in scientifically contextual, coherent, and authentic ways rather than experience the 

practices as an arbitrary and disconnected set of skills to be acquired.   
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Characterization of scientific practices in the classroom 
  

Examples exist in the literature (eg. Ford, 2008; Manz, 2014) that provide in-depth 

descriptions of classrooms and the ways that teachers facilitate students’ participation in 

practices authentic to the discipline of science (Ford and Fordham, 2006).  While such studies 

are useful for providing an in-depth characterization of a context in which students engaged in 

authentic scientific practices, due to the specificity and uniqueness of each study it is challenging 

to understand the ways in which these characterizations might be conversant with one another. 

Further, they do not necessarily translate easily into more general patterns of teachers’ classroom 

practice that are likely to promote such engagement by students in the practices of science. To 

address this limitation, an emerging theme in literature is a focus on activity structures in the 

classroom, and the ways in teachers’ use these to provide framing for student participation in 

scientific practice (Campbell, 2015; Passmore, 2015, Thompson, et al., in press). This study aims 

to contribute toward the development of ways in which scientific practice in the classroom can 

be made visible by using both a validated classroom observation protocol to describe the ways in 

which teachers facilitate student engagement in scientific practices combined with a 

categorization of the activity structures used in the classroom that mediate these episodes of 

scientific practice. Such a highlighting of scientific practice in the classroom seeks to contribute 

to the ongoing disciplinary dialogue regarding translation of scientific practices into the K-12 

setting.  

Additionally, this study also seeks to leverage such highlighting of scientific practice in 

the classroom as a means of providing an initial exploration of the potential influence of the 

NGSS on science teaching and learning.  The literature reviewed thus far is helpful in 
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understanding the science-turn in science and science education, and the ways this perspective 

undergirds the development of the NGSS as well as foregrounding current issues in the literature 

this perspective faces. However, because classrooms are ultimately the site of implementation 

(Gutiérrez & Penuel, 2014) and teachers the agents (Datnow & Castellano, 2000; Elmore, 1996) 

a means of conceptualizing the relationship between the science-turn perspective and the work 

teachers do in the classroom is necessary. Practice theory, as described below, provides a lens to 

understand this relationship by describing the way in which the work people do can be connected 

to the larger context in which this work occurs. 

 

Practice Theory 

 Practice theory was used as a means of understanding the relationship between teachers’ 

classroom practice and the science-as-practice orientation embraced by the NGSS. Practice 

theory has its roots in the work of Bourdieu (1977, 1984), and his use of habitus to explain the 

ways in which people view and structure their world which, in turn, has significant consequences 

for their enactment of routines (Gram-Hanssen, 2010). A core feature of practice theory is both 

its recognition and negotiation of the structure-actor dualism.  This dualism recognizes that there 

are structures in the world that influence and inhibit the ways in which people operate in the 

world, and that people have the possibility of acting with agency by making choices. The work 

of Giddens (1984) further builds toward a theory of practice with its resolution of structure-actor 

dualism by arguing that, “practices, rather than signs or abstract structures, are key to both 

constituting and understanding the social realm” (Gram-Hanseen, 2010, p. 153).  This quote 

highlights the important role practice plays in interacting with the world both in terms of 

constructing it and understanding it.  Breiger (2000) characterizes the key argument of practice 
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theory “that the material world (the world of action) and the cultural world (the world of 

symbols) interpenetrate, and are built up through the association of each with the other (p. 92).” 

An additional fundamental tenet of practice theory views individuals as the “carriers” (Reckwitz, 

2002) of “social practices, carrying out the various activities and tasks that the practice requires” 

(Hargreaves, 2011, p. 83).  However, importantly, in practice theory individuals are not viewed 

as passive actors enslaved to enact and reenact habits, but rather “skilled agents who actively 

negotiate and perform a wide range of practices in the normal course of everyday life’ 

(Hargreaves, 2011, p. 83).  In short, practice theory illuminates the importance of practice as 

both arising in relationship to the world in which it exists as well as a means for individuals to 

negotiate the complexities of the world to engage in productive activity. 

Practice theory has been employed in a wide variety of fields including science education 

to understand human activity (e.g., Buxton et al., 2015). Particular to this study, practice theory 

is a helpful lens that allows the highlighting of teacher practice as an object of study, and does 

not atomize or decontextualize this practice from the contexts in which it occurs. In particular, 

practice theory, as a theoretical framework, is useful in that it “diverts attention away from 

moments of individual decision making, and towards the “doing” of various social practices” 

(Hargreaves, 2011, p. 83). By taking such a stance put forth by practice theory, it is the social 

enactment of teachers’ classroom practice that becomes the object of study replete with the 

entailments of the theory that recognize individuals as agents that actively negotiate the full 

complexity of their social realm to develop routine enactments of practice. Such a stance allows 

for a middle ground that does not focus singularly on either on individuals (agents) or structures, 

but rather foregrounds practice as the intermediary between these diametric poles (Hargreaves, 

2011). 
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   Adoption and full implementation of the NGSS will require changes in instructional 

practice in K-12 science classrooms, particularly engaging students in scientific practices.  In 

order to understand the ways in which the implementation of the NGSS may be influential it is 

helpful to study teachers’ practice in relation to it.  By noting patterns of classroom practice, 

routines, and types of activity structures commonly used by teachers, and looking for areas of 

overlap and conflict between these and the science-as-practice lens espoused by the NGSS, a 

more robust understanding of the impact of the NGSS can be obtained, and how its introduction 

will require both aspects of “social reproduction and social change” (Buxton, et al., 2015, p. 

492).   

 

Methods 
 

Study participants and setting 

 

This study exists within a larger study in which the influence of the NGSS on classroom 

teaching practice is studied throughout a school district.  Specific to this study, I analyzed the 

classroom practice of 6 participant teachers in a rural school district over two years. The district, 

selected due to its accessibility to the researcher, is located in the Pacific Northwest of the United 

States, and enrolls approximately 3,000 K-12 students with the vast majority of students 

educated in three elementary schools (K-5), one middle school (6-8), and one high school (9-12). 

At the outset of this study, the state in which this district is located had adopted the NGSS 

standards and developed a four year implementation plan for all districts in the state to follow 

(See Appendix B). According to the implementation timeline, year one focuses on awareness and 

capacity building, year two on changes to classroom practice with regards to implementing 

scientific practices, year three the leveraging of resources to achieve full alignment, and the final 
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year on full alignment and assessment. This study occurs in years two and three of the 

implementation plan.  

All teachers of science in the district were invited to participate in the study, and six 

teachers volunteered to participate.  The participant teachers represent a range of teaching 

experience, and are evenly distributed across the grades with two elementary school teachers, 

two middle school teachers, and two high school teachers (see Table 1 for profile of each 

participant teacher).  

 

Table 1 

Profiles of participant teachers 

Name Grade 

Taught 

Subjects Taught Years Teaching 

(at beginning of 

study) 

Educational 

Background 

Astrid 6th 6
th

 and 7th grade science 1 BS earth science with 

education minor 

Beverly 5th 5th grade curriculum 25 BA in liberal studies 

Christopher 9th 9th grade science, AP 

environmental science, 

AP physics 

15 BA engineering, MS in 

geochemistry 

David 8th 8th grade science 16 BA in geography with 

minor in earth science 

and teaching certification 

Emily 9th 9th grade science 3 BS in biology, BA in 

biochemistry 

Frances 5th 5th grade curriculum 22 BA in elementary 

education, MA in reading 
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Data collection 

 

As the use of scientific practices in the classroom was noted as a component that is 

central to NGSS (both in the literature and in the state’s implementation plan), an instrument that 

measures this aspect of teachers practice was sought.  A valid and reliable observation protocol 

(Cronbach scores ranged between .71 and .98 for each of the five dimensions and IRR = .81) 

from the literature was identified, the Practices of Science Observation Protocol (P-SOP), and is 

described in more detail below (Forbes, Biggers, & Zangori, 2013). In accordance with this 

observation protocol, in the first year of the study teachers were asked to select three science 

lessons to be observed that they felt were representative of their teaching practices overall. In the 

second year, teachers were asked to again select three science lessons to be observed, and were 

invited to highlight any lessons they felt represented changes they had made to their practice in 

response to the NGSS. Collection of classroom observations allowed for characterization using 

the P-SOP as well as identification of common classroom routines, both of which are discussed 

in greater detail below. Consistent with a practice theory perspective, this set of data is 

appropriate as it takes as its focus teachers’ actual classroom practice, and seeks to characterize 

components of interest found within the practice as well as identify commonly occurring routines 

in terms of activity structures leveraged.   

Overview of P-SOP 

 

The Practices of Science Observation Protocol (P-SOP) (Forbes, Biggers, and Zangori, 

2013) was selected for use for this study (see Appendix C), and uses as its foundation the NRC’s 

(2000) five essential dimensions of scientific inquiry. These dimensions are: engaging in 

scientifically oriented questions, giving priority to evidence, formulating explanations from 
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evidence to address scientifically oriented questions, evaluating explanations in light of 

alternative explanations, and communicating and justifying proposed explanations.  However, 

Forbes, et al.  recognize the shift in science education to characterize inquiry as the set of 

practices scientists use as sense-making tools (NRC, 2012) (see Figure 3 for list of essential 

feature and scientific practices), and therefore use the dimensions as broader categories into 

which the individual practices can fit. 

 

 

NRC Essential Features  NGSS Scientific Practices 

1. Engaging in scientifically oriented 

questions 

2. Giving priority to evidence 

3. Formulating explanations 

4. Evaluating explanations 

5. Communicating and justifying 

1. Asking questions 

2. Developing and using models 

3. Planning and carrying out 

investigations 

4. Analyzing and interpreting data 

5. Using mathematical and 

computational thinking 

6. Constructing explanations 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, communicating 

information 

 

Figure 3: Comparison of NRC essential features of inquiry and NGSS scientific practices  

 

Based on Forbes et al.’s (2013) description of the development of the P-SOP, there is 

significant overlap and similarity between these two lists that make the P-SOP useful for 

observing the scientific practices included in the classroom.  The following representation can be 

helpful in visualizing the relationship as stated by the authors in their characterization of 

scientific practice (see Figure 4).  Some practices have a direct correlation with the essential 

features while other practices such as modeling and argumentation encompass many of the 
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essential features.  While Forbes et al. (2013) do not explicitly address the practices of 

investigations and using mathematical and computational thinking, similarly to modeling and 

argumentation, it can be argued that these encompass multiple aspects of the essential features of 

inquiry. For instance, in analyzing and interpreting data obtained from investigation in order to 

generate evidence, mathematical thinking is frequently utilized. 

 
 

Green = NRC essential feature 

Blue = NGSS scientific practice 

 

Figure 4: Relationship of NRC essential features and NGSS scientific practices 

 

According to the P-SOP coding key, the use of the observation protocol allows for an 

aggregate score (summing to 60) for the three classroom observations from each teacher, as well 

as construct sub-scores (each summing to 12) along the five essential features or dimensions of 

inquiry (asking scientifically oriented questions, generating evidence, formulating evidenced 
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based explanations, evaluating alternate explanations, and communicating and justifying).  For 

instance, looking across the three classroom observations of a teacher, a score of 8 out of 12 

might be given for the first dimension of practice, 6 out of 12 for the second, 2 out of for the 

third, 3 out of 12 for the fourth, and 6 out of 12 for the fifth dimension.  This would result in a 

total P-SOP score of 25 out of a possible 60. 

Use and modification of P-SOP 

        While, according to the literature, the P-SOP appears to be a valid, reliable and useful 

tool for understanding the extent to which classrooms include opportunities for student 

engagement in scientific practices (Forbes, Biggers, & Zangori, 2013; Severance, Penuel, Leary, 

& Summer, 2015; Zangori & Forbes, 2014; Miller, Brickman & Oliver, 2014), several 

modifications were made to the P-SOP for this study, to both extend its use and allow for a 

potentially more fine-grained analysis of the inclusion of the scientific practices in the 

classroom.  The first change made was to extend the use of the P-SOP from elementary school 

classrooms to middle and high school science classrooms.  Given that the NGSS scientific 

practices extend across the K-12 spectrum, and that there is nothing grade specific in the P-SOP 

that would necessitate restriction to the elementary level, it is a reasonable extension of the 

protocol to apply the P-SOP across all grade bands.  A second modification made was adding a 

time component to the P-SOP scoring.  The original scoring of the P-SOP calls for a single 

aggregate score across the three lessons.  In order to allow for a potentially nuanced 

characterization of practice, each event in the classroom that contained a scientific practice was 

identified and labeled as an episode - “small, socially shared, scripted piece of behavior” 

common to most classrooms (Leinhardt & Steele, 2005).  The identification of episodes in which 

students are engaged in a scientific practice can be used to give a sense of the amount of time 
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teachers are spending engaging students in scientific practices across the three lessons.  In other 

words, by adding a time component, inclusion of the scientific practices can be characterized in 

terms of both the quantity (amount of time) and quality (P-SOP score) of their inclusion.  This 

contributes to understanding teachers’ classroom practice around the work of engaging students 

in scientific practices, and will be helpful in understanding the relationship of the NGSS and 

teachers’ classroom practice. 

A final modification was to identify the classroom activity structure that teachers 

leveraged during the episode in which they were engaging students in scientific practices given 

the previously noted importance of activities in framing the work that students do (Passmore, 

2015). Such an identification allows for further characterization of the ways in which teachers 

are engaging students in scientific practices, and allows for the identification of classroom 

activities that are more and less likely to promote the inclusion of scientific practices. To identify 

activity structures, the classroom episode coding scheme developed by Thompson, et al. (in 

press) was used that identifies episodes according to what activity is occurring, when the activity 

is occurring and who is involved in the activity (see Appendix D).  These codes include common 

activity structures used in the science classroom such as warm up, table talk (working in a small 

group to get a task done), whole class discussion, sharing out, and seat work, and are demarcated 

by who is involved in the task, when the task occurs in the sequence of the lesson, and what the 

purpose of the task is.  According, table talk can be described as an activity where small groups 

of students are working together with the teacher moving between groups.  It usually follows an 

episode of instructions, and has the purpose of providing students the opportunity to engage in 

material or intellectual work through social interactions.        
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Data Analysis 

 

Use of the modified observation protocol resulted in a score for each dimension of the P-

SOP, as well as a summed P-SOP score for each participant for each year of the study. Each 

dimension of the P-SOP is comprised of four sub-constructs that are scored 0-3.  The 0-3 scoring 

represents a range of evidence for the presence of a particular sub-construct of that dimension 

with a score of “0” indicating that there is no observable evidence for that particular sub-

construct, and a score of “3” indicating strong evidence.  The sub-construct scores are then 

summed resulting in a maximum score of 12 for each dimension, and generally a higher score 

can be conceived as more in-depth engagement with the scientific practice. The five dimensions 

are then summed to yield a maximum possible score of 60.  Using the open-source video-coding 

software, Datavyu, each classroom observation was coded to identify times when teachers used 

activity structures that allowed students opportunities to engage in scientific practices.  These 

periods of time will be referred to as episodes. Table 2 gives illustrative examples for each of the 

dimensions of the P-SOP to provide descriptions of the types of classroom episodes observed in 

the study and their resulting P-SOP scores. 

 

Table 2 

Examples of P-SOP scores from coded classroom episodes 

P-SOP Dimension 

Illustrated Episode Description 

P-SOP 

score on 

specified 

dimension Rationale for score 

Asking 

scientifically 

oriented questions 

In this episode, 5
th

 

grade students studied 

the topic of gravity and 

air.  In order to do so, 

they worked in pairs to 

4 While students are involved in a 

scientific investigation that 

addresses the question of the 

speed of falling objects, there is 

not a clear question presented to 
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design a parachute type 

device to slow down 

the fall of a binder clip.  

students nor is the question 

contextualized to address a 

specific phenomenon.  Further, 

while the goal of the lesson 

seems to be for students to gain 

evidence of the assertion that 

falling objects all fall at the 

same speed when not affected 

by air resistance, there is little 

explicit connection between the 

activity and this science 

concept. 

Working with 

evidence 

Ninth grade students 

completed an activity in 

which they counted 

simulated pollen 

samples (different color 

beads represented 

different plant species) 

that would be found in 

soil samples taken from 

different layers at an 

ancient lake site in the 

Pacific Northwest. 

6 This was an interesting 

investigation based on the 

research of a local scientist that 

studied pollen counts in core 

samples to make inferences 

about climate change over time.  

In this activity, students had an 

opportunity to work with and 

organize simulated data related 

to a particular phenomenon 

which resulted in a middle level 

score.  Students lacked the 

opportunity to potentially 

connect this experience to their 

broader unit of study, and were 

not supported to make sense of 

their data collection process in 

light of using evidence for an 

explanation. 

Formulating 

explanations 

High school chemistry 

students from this 

episode were engaged 

in a unit-long 

investigation into the 

structure of the atom.  

In this specific lesson, 

students were revising 

their initial models of 

atoms based on several 

activities they had done 

in previous days. 

9 Students worked in groups to 

come up with an explanatory 

model of the atom that would 

account for the data they had 

acquired in previous days’ 

activities.  Students had 

significant opportunities to 

formulate explanations based on 

investigations that built on prior 

knowledge, and proposed new 

understanding which resulted in 

a fairly high score. 

Evaluating 

alternate 

In this episode, 8
th

 

grade students engaged 

2 This score results from a brief 

student-to-student discussion in 
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explanations in a whole class 

discussion trying to 

make sense of results 

from an investigation in 

which water and 

alcohol were mixed 

together and volume 

was not conserved.  

which students argue for several 

molecular explanations that 

account for the unexpected 

volume data.  While alternate 

explanations are proposed by 

the students, and the teacher 

encourages them to share their 

ideas, there is little scaffolding 

of the discussion that 

intentionally supports these 

alternative explanations, 

explicitly links the explanations 

to evidence from the 

investigation, or gives guidance 

on criteria with which to 

evaluate the explanations. 

Communicating 

and justifying 

investigation 

Eight grade students in 

this episode, presented 

the results of a semester 

long independent 

science project they had 

worked on.  Students 

prepared visual and oral 

presentations to convey 

their projects, and other 

students were assigned 

the role of questioner. 

3 Students mainly shared what 

they had done, which placed a 

heavy emphasis on 

communication rather than 

justification.  With the low level 

of justification, and lack of 

consideration of alternate 

explanations this activity 

became somewhat like a “book 

report” style sharing of projects 

which results in a fairly low 

score for this dimension. 
 

 

The coding scheme resulted in a matrix-like data sheet for each lesson (see Figure 5) in 

which the P-SOP scores are recorded for a particular episode, the length of the episode is 

recorded, and the classroom activity structure during which the episode occurred is recorded. By 

breaking the observations into episodes frequency counts for participation in various dimensions 

of scientific practices can be determined. Across all classroom observations, 65 such episodes 

were identified and served as the unit of analysis for further characterization of the data. From 

the episodes, the total amount of time spent engaging students in the practices of science across 
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the data set and by each teacher could be calculated.  For more in-depth characterization of the 

engagement of students in scientific practices, episode data were analyzed using SPSS to provide 

 

Figure 5: Example of video analysis coding matrix 

 

descriptive statistics to understand how the dimensions of practice relate to each other. 

Correlation studies were undertaken to determine relationships between variables such as time 

and P-SOP score and dimension of scientific practice and classroom activity thus providing a 

descriptive link between activity structures used in the classroom and students’ engagement in 

the practices of science.  
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Limitations 

 

Common to any study, the way in which this study is framed foregrounds certain features 

of the phenomenon of interest while backgrounding others.  By viewing phenomena through a 

lens of practice theory much of the individual attributes and characteristics of the participant 

teachers remained unexplored.  This backgrounding means that no claims regarding constructs 

such as the cognition or motivation of the teachers with regard to the NGSS can be made.   

An additional limitation regarding warranting of claims relates to the nature of the 

observation protocol.  While the sensitivity of the P-SOP has not been statistically quantified, it 

is a reasonable assumption that small changes in scores could be attributed to variations in 

lessons observed, and other classroom factors not related to the inclusion of scientific practice.  

For instance, classroom observations of participant teachers covered different lessons with 

different students in years one and two. Given the variety of activities that frequently occur 

within a unit of science study in the classroom, different aspects of teachers’ classroom practices 

were captured.  Consequently, care is taken to avoid over-interpreting the significance of small 

changes seen in P-SOP scores of individual teachers. 

Additionally, the relatively small sample size of the study and the fact that it was 

conducted by a single researcher create the possibility that data regarding the phenomenon of 

interest, engagement of students in scientific practices, may not be fully represented and 

characterized.  While the set of classroom observations provide a snapshot of the classroom 

practice for each teacher, there is no claim that they represent the entirety of practices utilized by 

the participant teachers.  Therefore, rather than make claims about the representative nature of 
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these teachers’ classroom practice, this study seeks to add to the literature by describing ways 

that scientific practice can be studied in an K-12 science classroom and surfacing emergent 

common patterns of engaging students in scientific practices.  These patterns, viewed through a 

lens of practice theory, can then be linked to teachers’ choices regarding classroom practice, 

specifically the activity structures leveraged to engage students in scientific practice. 

  

Results 

  

In this section, findings are organized by response to the research questions: 1. What 

patterns of teachers’ engagement of students in scientific practices in the classroom are observed 

in a K-12 school district that has adopted the Next Generation Science Standards? 2. What 

activities do teachers in the science classroom use to engage students in Next Generation Science 

Standards-aligned scientific practices? 

 

Characterization of engagement in scientific practices 

 

PSOP Scores and changes over time 

 In order to provide an initial characterization the participant teachers’ engagement of 

students in scientific practices, PSOP scores for each of the five dimensions, and total P-SOP 

score were determined for each teacher for both years of the study (see Table 3). Taken as a 

whole, it can be seen that there is variation among the sample in overall P-SOP scores ranging 

from a minimum of 7 to a maximum of 29 though all scores represent less than 50% of total 

points possible on the P-SOP (60).  For most teachers overall P-SOP scores show an increase 

from year one to year two.   At the dimension level, of the 18 dimensions that show changes 

between the two years, 13 of these changes were increases in scores.   
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Table 3 

Summary PSOP scores 

 

 Astrid Beverly Christopher David Emily Frances 

PSOP 
Dimension 

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

1 7 7 8 . 4 6 4 10 6 8 4 8 

2 5 3 3 . 9 5 3 5 4 10 2 2 

3 0 3 8 . 2 0 8 8 0 9 1 2 

4 0 0 0 . 0 1 2 0 0 0 0 1 

5 0 0 1 . 0 0 4 2 0 2 0 2 

Total 12 13 20  15 12 21 25 10 29 7 15 

 

 

Time spent engaging students in scientific practices  

To provide a more in-depth characterization of classroom practices, classroom 

observations were broken into episodes in which teachers provided opportunities for students to 

engage in scientific practices. As previously mentioned, across all classroom observations, 65 

such episodes were identified with 40 in year one classroom observations, and 25 in year two 

classroom observations.   The total amount of time in the episodes was 774 minutes out of 1785 

minutes of classroom observation time (43%) (see Table 4).   
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Table 4 

Time teachers spent engage students in scientific practices 

 

 Year 1 Year 2 Total 

Total Class Time Observed (min) 977 808 1785 

# of Episodes 40 25 65 

Total time of episodes (min) 376 398 774 

% of classroom time spent on episodes 38% 49% 43% 

 

 

Of the 774 minutes identified as episodes in which students were engaged in scientific practices, 

376 occurred in year 1 (38%) and 398 in year 2 (49%).  The amount of time each participant 

teacher spent engaging students in scientific practices in each year can be found in Figure 6.   

  
Figure 6: Total episode time per participant in year 1 and 2 

 

From Figure 6, it can be seen that in participant teachers’ classrooms a range of time was 

devoted to engaging students in scientific practices.  Further, most participant teachers increased 

0

20

40

60

80

100

120

Astrid Beverly Christopher David Emily Frances

Ti
m

e 
(m

in
) 

Participants 

Total Episode Time 

Year 1 Year 2



47 

 

 

the amount of time spent engaging students in scientific practices between the first and second 

year of the study. 

In order to determine if a relationship existed between the amount of time spent engaging 

students in scientific practices and overall P-SOP scores, a regression analysis was performed 

(see Figure 7).  Perhaps not unsurprisingly, there is a small positive relationship between time 

spent engaging students in practice and P-SOP score.  It is not necessarily unexpected that more 

time spent working with students on scientific practices in the classroom would result in a higher 

score of scientific practices.  However, from the regression data, it can be seen that time is a 

somewhat small component of the score, with variation in time spent on practices only being 

attributable to approximately 31% of the total P-SOP score.  

 

 

Figure 7: Relationship between time spent on practices and overall P-SOP score 
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Dimensions of practice 

 In order to further describe the way in which participant teachers in this study engaged 

their students in scientific practices, the total number of episodes in which each dimension of 

practice was present across both years of the study was found (see Figure 8). Practices related to 

  
  

Figure 8: Prevalence of dimensions of practice over two years across all participant teachers 

dimension two, working with data, was the most represented practice in the 

episodes.  Additionally, the prevalence of each dimension of scientific practice in all episodes 

was found in year one and two and reported as a percentage to account for the different number 

of episodes in the two years (see Figure 9). While the frequency of episodes differs between the 

two years, the overall trend remains the same with dimension two occurring most frequently, and 

dimension four occurring least frequently. From this data, it can be seen that across all episodes 

teacher increase their use of some dimensions of practice such as asking scientific question and 

generating evidence from data between years one and two. 
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Figure 9: Prevalence of dimensions of practice by percent from all participant teachers by year 

 

 

While prevalence of the various dimensions describes how often teachers work to engage 

students in these dimensions of practice, it does not indicate the potential depth of the experience 

provided; rather, it simply indicates that the practice was present. In order to understand not just 

whether teachers engaged students in the practice, but also evidence the potential depth the 

experience provided, the mean P-SOP scores for episodes in which engagement in scientific 

practices were calculated across all episodes for all participant teachers during both years of 

study (Table 5). Again, variety is seen. However, somewhat surprisingly, frequency of a 

dimension of practice does not correspond with a high P-SOP score on that dimension. 

Specifically, while dimension two is the most commonly occurring dimension, its mean P-SOP 

score is much lower than that of dimension one.  This suggests that while teachers do not as 

frequently provide student opportunities to participate in the practice of investigating 
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scientifically oriented questions, when this opportunity is provided it is more in depth than other 

dimensions of practice. 

 

Table 5 

Mean P-SOP scores and standard deviations for all episodes from all participating teachers 

containing dimension of practice by year and total  

 Year 1 Year 2 Total 

Dimension M SD M SD M SD 

1 5.5 1.76 7.8 1.50 6.56 1.97 

2 4.33 2.50 5 3.08 4.64 2.66 

3 3.17 3.81 4.4 3.91 3.6 3.72 

4 0.33 0.81 0.4 0.54 0.36 0.67 

5 0.83 1.60 1 1 0.91 1.30 

 

 

Also of note is the increase in P-SOP scores in each dimension from years one to two, with the 

largest increase seen with dimension one which relates to asking scientifically oriented 

questions. 

 A final consideration in characterizing engagement in the dimensions of practice is 

determining the relationship of the occurrence of one dimension to the others as a means of 

determining if teachers provide students opportunities to experiences dimensions of practice as 

linked, or more as isolated events. Specifically, the data was analyzed to determine if there was a 

correlation between the presence of engagement in a dimension of practice with engagement in 

another dimension of practice (see Table 6).  Due to the relative infrequency of participation in 
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dimensions four and five, and consequently the improbability of producing statistically 

significant results, these were not included in the analysis.  

 

Table 6 

Correlation between dimensions of practice (n = 65) 

 

 Dimension 1 Dimension 2 Dimension 3 

Dimension 1 -   

Dimension 2 .47* -  

Dimension 3 -.19 -.46* - 

*p ≤ 0.01  

 

From this analysis, it was found that engagement in dimension one of scientific practice 

was statistically correlated with dimension two, meaning that if students had the opportunity to 

engage in asking scientific questions they were also likely to engage in generating evidence from 

data and vice versa.  However, engagement in dimension two of scientific practice was 

negatively correlated with dimension three meaning that if students were engaged in asking 

scientific questions and working with evidence related to these questions, they were not as likely 

to have the opportunity to use this evidence to generate scientific explanations.  Likewise, when 

teachers had students participate in the practice of generating scientific explanation, students 

were not as likely to participate in working with evidence. 

 Taken together, this set of findings provide a characterization of the ways teachers are 

engaging their students in scientific practice in a district that has adopted the NGSS. Looking 

broadly, these results show that classroom time is frequently devoted to engaging students in 
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scientific practice, however, the depth of this engagement remains fairly low though is dependent 

on the particular dimension of practice.  These findings also show that teachers more frequently 

engage students in some dimensions of practice, and that other are largely 

unrepresented.  Additional analyses highlight other common patterns of teacher classroom 

practice, and demonstrate that there are relationships among the dimensions of practice with 

some dimensions co-existing more frequently than others. 

Activities and practice 

 

Types of activities  

To address the second research question that explores the types of classroom activities 

teachers use to engage their students in dimensions of scientific practice, activity codes from 

episodes where engagement in scientific practice occurred were identified.  First, the prevalence 

of each activity structure was found across all episodes from participant teachers in both years of 

the study (see Figure 10). Of the nine possible identified activity structures, warm up (WU), 

Instructions (I), Table Talk (TT), Whole Class Discussion (WCD), Sharing Out (SO), Gallery 

Walk (GW), Seat Work (SW), Content Injection (CI), and Closing (C), eight  are represented in 

the episode data. Closing is the only type of activity not represented.  
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Figure 10: Prevalence of activity structures used during episodes of engagement in scientific 

practice across all episodes. 

 

Certain classroom activity structures such as table talk and whole class discussions are used most 

frequently in the episodes which suggests that teachers’ find them useful in for engaging students 

in scientific practices. Likewise, activity structures such content interjection and instructions 

while important for classroom practices, do not appear frequently when teachers are engaging 

their students in scientific practices.    

Relationship between activity structure and practice 

The relationship between classroom activity and engagement in specific dimensions of 

scientific practices was analyzed to identify incidence of co-occurrence (see Table 7). Data from 

all episodes in which participant teacher engaged their students in practice is included.   From  
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Table 7 

Co-occurrence of practice and classroom activity structures across all episodes 

                                                  Dimension of Practice 

Activity 1 2 3 4 5 

Warm Up 0 7 1 0 0 

Table Talk 17 23 4 0 3 

Whole Class Discussion 1 7 12 1 0 

Instructions 0 0 0 0 1 

Sharing Out 0 3 1 1 1 

Gallery Walk 0 0 0 0 5 

Seat Work 0 0 2 0 0 

Content Interjection 0 1 0 0 0 

 

this data, it can be seen that certain activity structures occur frequently alongside the engagement 

of students in scientific practices.  In particular, the use of table talk occurs quite frequently in 

episodes in which teachers engage students in multiple dimensions of scientific practice 

including asking questions, working with evidence, and formulating explanations.  However, 

despite the prevalence of table talk in engaging students in some dimensions of practice, it is less 

utilized for other less frequently occurring dimensions such as communicating and justifying and 

absent for the practice of evaluating explanations.   

Of additional interest is the co-occurrence of the activity of gallery walks and 

engagement in the practice of communication and justification.  Gallery walks and participation 

in dimension five of practice occur infrequently across all the episodes, but have a high 
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frequency of co-occurrence suggesting that this infrequently used practice could be useful in 

engaging students in this underrepresented dimension of practice.  Likewise, the other 

substantially underrepresented dimension of practice (2 episodes), evaluation of alternate 

explanations, also co-occurs with an infrequently used classroom activity structure, sharing out. 

This set of findings has addressed how specific features of teachers’ classroom practice, the 

activities structures they employ in the classroom, relate to opportunities to engage their students 

in scientific practices. 

 

Discussion and implications 

 

This study provides insight into the ways teachers provide opportunities for their students 

to participate in scientific practices in a district that has adopted and is implementing the Next 

Generation Science Standards. Specifically this study’s findings describes patterns of teachers 

classroom practice as it relates to the inclusion of scientific practices, and the activity structures 

teachers used to facilitate student participation in scientific practices.  While there are changes in 

the way teachers provide opportunities for engagement in scientific practices between year one 

and year two, with an overall increase in the time and depth of these opportunities, it should be 

noted that this study does not specifically evidence implementation of NGSS as causal to these 

changes. This particular study does not address or make claims that all observed changes in 

teachers’ classroom practice are attributable to the state’s adoption and implementation of the 

NGSS as the findings from this study do not provide evidence for or against this link. However, 

the findings from this study do have important implications when thinking about ways to 

facilitate the inclusion of scientific practices in the classroom as envisioned by 

NGSS.  Developing classroom practices that support science teaching and learning as envisioned 
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in NGSS is challenging and complex.  However, this study’s characterization of teachers’ 

classroom practice with respect to the inclusion of scientific practices in the classroom provide 

guidance in facilitating this process.  Therefore, the findings from this study will be discussed 

according to three themes that seek to further elucidate the inclusion of scientific practices in K-

12 classrooms.  These themes include access points to the NGSS found in classroom practice, 

addressing a potential barrier to the NGSS, and classroom activity structures that facilitate the 

inclusion of scientific practices. 

 

Classroom practice as access-points to the NGSS 

  

On-ramps 

The discussion of the first set of findings seeks to address noted patterns in teachers’ 

classroom practice regarding the inclusion of the scientific practices.  In addition to describing 

these patterns, suggestions for why these patterns might be important as well as the implications 

of these patterns will be discussed. 

Turning to the results from this study, across all 65 episodes that contained student 

participation in scientific practice, teachers were most likely to provide opportunities for students 

to experience dimensions of scientific practice related to working with data (Dimension 2) , 

formulating explanations (Dimension 3), and asking scientific questions (Dimension 1), in that 

order.  When looking at prevalence of dimensions of practice by year, there was increase in 

dimensions one and three from year one to two, while there was a decrease in dimension 

two.   In addition to prevalence or frequency of occurrence of episodes including student 

participation in dimensions of scientific practice, the findings from the P-SOP scores give an 

indication of the depth at which students had opportunities to experience these dimensions of 
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practice.  The three dimensions of the practice of science that teachers most commonly include in 

the classroom are also the ones that score most highly on the P-SOP across all participants. 

While in some ways this is not totally unexpected, as a dimension of practice has to be present in 

the classroom to receive a non-zero P-SOP score.  However, in looking more closely at the 

findings, when considering all the episodes the most common dimension (working with data) 

actually received the lowest P-SOP score of the three most commonly occurring dimensions 

whereas the highest scoring dimension was asking scientifically oriented questions.  Looking at 

changes between years one and two, the P-SOP increased for all dimensions, though the largest 

change was noted for dimension one. Taken together, these sets of findings indicate that teachers 

routinely provide opportunities for students to participate in some dimensions of scientific 

practice such as those related to asking scientifically oriented questions, and that when teachers 

do so students have opportunities to experience this dimension in depth and that this dimension 

increased the most over time.  

Therefore, the scientific practices identified in NGSS such as asking questions, planning 

and carrying out investigations, analyzing and interpreting data, and creating explanations may 

be considered likely on-ramps to NGSS-aligned teaching. These practices are more commonly 

represented in current teaching practice, and are less likely to demand radical instructional shifts 

(Duschl & Bybee, 2014).  In particular the dimension of practice related to providing students 

opportunities to ask scientifically oriented question seems to demonstrate particular strength as a 

potential on-ramp given its increasing prevalence in teachers classroom practice. From a 

perspective of practice theory, understanding what classroom practices teachers already use 

significantly is useful for identifying leverage points currently found within teachers’ 

repertoires.  Practice theory recognizes the importance of routines as a means of negotiating 
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work demands (Gram-Hanssen, 2010).  This theoretical tendency is further underscored by 

Spillane’s (2000) finding of the tendency of teachers to gravitate toward familiar practices when 

negotiating changes to classroom practice. By understanding routines that teachers use in their 

classroom practice as they negotiate the changes called for by the NGSS allows for the 

identification of on-ramps to the more full inclusion of scientific practices as envisioned by 

NGSS.  These on-ramps can be thought of as likely access points that mediate between teachers’ 

classroom practices and science teaching and learning envisioned by the NGSS.  

Bridges  

Given that the press to view science-as-practice as the whole ensemble of activities that 

make up the scientific enterprise, and avoid a view that positions scientific practices as 

decontextualized and isolated sets of skills, it is valuable to understand the ways in which 

dimensions of practice relate to each other within teachers’ classroom practice.  A science-as-

practice perspective highlights the importance of viewing science as an ensemble of practices 

that work in concert toward an outcome rather than viewing scientific practices as isolated skills. 

Bell, Bricker, Tzou, Lee & Van Horne (2012) argue that  

The practices do not operate in isolation, and we argue that part of giving 

students opportunities to participate in authentic science and engineering 

work is ensuring that they can experience firsthand the interrelatedness of 

these practices -- as an unfolding and often overlapping sequence, or a 

cascade (p. 8). 

 

Further, if students experience practices in isolation and as decontextualized skills they will have 

little opportunity to learn the contextual dependence of scientific practices - a key entailment of a 

science-as-practice perspective.  By identifying relationships among the practices, and more 

specifically how the scientific practices can relate to each other in the context and routines of the 

science classroom, the creation of bridges or connections that allow for movement among the 
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practices may be facilitated.   In this section, findings that address the ways in which the 

dimensions of practice were related to each other in the classroom will be discussed.  In this data 

set, by examining the correlation data related to the dimensions of practice and movement 

between dimensions, bridges or connections between dimensions can be identified as well as 

connections and dimensions that may need additional support and development to be included in 

teachers’ classroom practices. 

From the results of this study, a natural bridge was noted with the correlation data linking 

the dimensions of practice related to asking scientific questions and dimensions related to 

working with data connected to these questions.  In other words, the ways in which teachers 

provided opportunities for their students to participate in the scientific practices related to asking 

of questions allowed for work in the related practice of data analysis and evidence 

generation.  However, the bridge or connection between the questioning dimension of practice 

and the data dimension of practice did not typically extend to other dimensions of practice such 

as evaluating explanations. In fact, engagement in dimension of practice related to asking 

scientific questions was negatively correlated with practices related to creating evidence-based 

explanations.   

 While the identification and leveraging of specific dimensions of scientific practices as 

on-ramps is important, this study also suggests that other dimensions of practice may be more 

challenging to develop with commonly occurring instructional practices, and therefore less 

amenable to access via on-ramps.  In this study, student participation in scientific practices 

related to evaluating explanations, communicating, and justifying results were 

underrepresented.  This is of particular concern given the centrality of this suite of practices to 

the overall scientific endeavor (Ford & Forman, 2006).  Furthering this claim of importance, 



60 

 

 

Osborne (2014) argues “one of the arguments for the turn to practices is that it places the higher 

order skills of critique and evaluation at the center of teaching and learning science (p. 183).” 

Rather than seeking direct on-ramps between teachers current classroom practice and the NGSS, 

this study suggests through its findings related to the correlation of dimensions of practice that an 

alternative approach to supporting teachers’ inclusion in these practices may be via bridges that 

allow for movement between and connection of specific dimensions of scientific practice. 

Therefore, while it is important to consider on-ramps toward participation, care must also be 

taken for developing tools and resources that allow for bridging from one dimension of practice 

to another.  For instance, given that teachers in this study were able to link two dimension of 

practice together, it may be helpful to more carefully examine moments of classroom practice 

where this occurred as a means of developing a set of strategies or teaching moves that facilitate 

movement among dimensions of practice. Without bridges that help teachers connect dimensions 

of practice for their students, the scientific practices risk becoming isolated skills, and it is 

unlikely students will have the opportunity to engage in the full range of scientific practices that 

central to doing science.  

Addressing a potential barrier to the NGSS 

 

While there are a variety of potential barriers teachers may face in aligning classroom 

practice with the NGSS, one highlighted concern with regards to the NGSS is the amount of 

classroom time necessary to provide students opportunities to engage in scientific practices (Best 

& Dunlap, 2014). One pertinent set of findings from this study that addresses this potential 

concern is data regarding the amount of time teachers spent engaging their students in scientific 

practices. These data show that a fair amount of classroom work is already dedicated to work 
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related to scientific practices.  In the overall data set of all participant teachers in both years of 

the study, 43% of classroom time is spent on scientific practices and by the second year almost 

half of all science classroom time could be coded as engaging students in scientific 

practices.  This indicates that even while balancing the variety of time demands inherent in the 

work of teaching such as classroom logistics and time devoted to assessment, classroom time is 

used engaging students in scientific practice.   

Further, while increasing the amount of time spent engaging students in scientific 

practice is desirable according to the NGSS, this study suggests that it is not the sole determinant 

in characterizing the depth with which students experience engagement in scientific practices.  In 

fact, in the results from this study found that when examining teachers’ increased depth of 

students engagement in scientific practices (evidenced by the P-SOP scores) only 31% of that 

increase can be attributed to the increase in the amount of time spent engaging students in 

scientific practices.  In other words, spending more time engaging students in scientific practices 

is helpful for achieving more in-depth engagement, but it is not the only or even the major factor.  

 

Leveraging teachers’ classroom routines 

  

Finally, this study provides the opportunity to consider the activity structures as an 

instantiation of teachers’ routines that are present in the classroom that may facilitate or constrain 

student participation in particular dimensions of practice as ultimately “it was what teachers do 

that is most relevant to student learning” (Kennedy, 2010, p. 591).  Overall, this study finds that 

small group work, or table talk, is the most commonly used activity structure to engage students 

in some dimensions of scientific practice. This is consistent with the long-known and well-

evidenced benefits of small group work in the science classroom (e.g., Hogan,1999; Woodruff & 
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Meyer, 1997), but these data suggest that the benefits of table talk or group work extend to 

affording students opportunities to participate in scientific practices.   

Some classroom activity structures such as instructions, seat work, and content 

interjection are notably absent in episodes in which teachers are providing opportunities for 

students to engage in scientific practice.  These types of classroom activities tend to focus on 

teacher-directed activity, and therefore seem less likely to support student engagement in 

scientific practices, and indeed these are not strongly represented in the episode data.  Further, 

many of these types of activity structures tend to limit students ability to engage in productive 

science talk. For example, seat work as employed in the classroom typically limits the potential 

for students to engage in science talk which has been demonstrated to be necessary for students’ 

sense-making (Lemke, 1990; Mortimer & Scott, 2003).  Further, Sandoval and Morrison (2003) 

argue that students need opportunities to engage in epistemic discourse in order to develop an 

understanding of scientific practice. Others such as sharing out and gallery walk, given their 

focus on student discourse would have strong potential for engaging students in scientific 

practices, are not strongly represented in the episode data.  

In addition to noting activity structures that occur frequently in episodes in which 

teachers are engaging student in scientific practice, results from this study give indication of 

which activity structures teachers used to engage students in particular dimensions of 

practice.  While table talk was frequently utilized by teachers across multiple dimensions of 

scientific practice, it was used most commonly as a means to provide students an opportunity to 

experience dimensions of practice related to working with data to generate evidence.  Whole 

class discussion was used most frequently by teachers to engage students in the dimension of 

practice related to creating evidence-based explanations.  Interestingly, gallery walks, while not 
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used very frequently were only used with an underrepresented dimension of practice, 

communicating and justifying.    

These findings begin to give insight into the types of classroom activities teachers use 

and may find helpful in providing opportunities for engagement in scientific practice.  However, 

this study also supports Stroupe’s (2015) assertion that many activities in the science classroom 

limit students’ engagement in the full spectrum of scientific practice.  While table talk is helpful 

for engaging students in dimensions of practice related to investigations and evidence, this study 

suggests that it is not necessarily sufficient for providing opportunities for engagement in 

underrepresented practices such as evaluation of alternative explanations.  Given the noted 

complexity of this work, it is not surprising that more structured classroom activities such as 

gallery walks and share out sessions may be needed to engage students in this work.  These 

activity structures allow for the orchestration of particular types of productive science talk 

(Cartier, Smith, Stein, & Ross, 2013), and provide specific roles for students that serve as 

scaffolds to position them as producers and critiquers of explanations rather than simply 

consumers.  This study suggests that incorporating infrequently used classroom activity 

structures may be helpful for teachers in engaging students in dimensions of practice that may be 

otherwise challenging to include in the science classroom.  

 

 

 

Implications for teacher learning 

 

The findings from this study provide insight into the ways in which teachers engage their 

students in the scientific practices identified in the NGSS, and could serve as a useful starting 

place to leverage teacher learning that is rooted in practice. The identification of particular 
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practices as on-ramps, noting those that are likely to need additional scaffolding such as bridges, 

and the relationship between classroom activity and student participation in dimensions of 

scientific practice has implications when conceptualizing teacher learning related to the 

implementation of the NGSS.  By focusing on scientific practices such as conducting 

investigations for which teachers have classroom routines suggests starting points for teachers in 

their classroom as they work to learn more about and align with the NGSS. Ball and Cohen 

(1999) argue that teacher learning should leverage “strategic documentation of practice” in order 

to facilitate teacher learning.  Additionally, Ball and Cohen (1999) argue for the tight connection 

between classroom work and professional development to ensure that pertinent problems of 

practice are addressed.  This further supports the finding that “What teachers were able to do in 

their classrooms was a function of how closely coupled the PD experience was with their 

classroom experience and how their classroom experiences were treated within the context of 

PD” (Kazemi & Hubbard, 2008, p. 435).  This study and its emphasis on describing teachers’ 

classroom practice with regards to inclusion of scientific practice provides valuable information 

for informing professional development opportunities that are likely to contribute to significant 

opportunities for teacher learning. 

 

 

 

 

Conclusion 
 

This study used an established classroom observation protocol (P-SOP) as a means of 

analyzing the ways in which teachers create opportunities for student engagement in scientific 

practices congruent with the vision of science teaching and learning advanced by the Next 

Generation Science Standards.  Through this study, specific dimensions of practice were found 
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to occur frequently, and can be considered on-ramps to facilitate teacher learning around the 

scientific practices.  Other crucial dimensions of practice remain underrepresented, and may need 

additional resources developed that can serve as bridges to more commonly occurring 

practices.  Finally, findings from this study point to the need to include additional types of 

activity structures in the classroom that would facilitate student engagement in underrepresented 

dimensions of practice.     

While this study can be characterized as an initial exploration in the description of 

engagement in scientific practices, challenges remain in the continuation of this endeavor. While 

the P-SOP was a useful tool in analyzing classroom practices, its use presents some logistical 

constraints. For instance, while significant alignment between dimensions of practice of the 

instrument and the scientific practices delineated in NGSS there is not a direct 

correspondence.  This results in potential ambiguity in the ways in which to characterize some 

practices, and leads to the potential exclusion of others such as the use of mathematical and 

computational thinking (NGSS practice 5) and literacy related practices such as obtaining 

information (included in NGSS practice 8).  Additionally, it is unclear how this instrument 

attends to engineering practices and their integration in the science classroom - a key component 

of NGSS.   

In addition to the logistical challenges present with this particular observation protocol, a 

larger challenge is also noted, namely the limited ability of an observation protocol to surface the 

epistemological meaning students are making through engagement in practices. As discussed 

previously, practice and its characterization is an inherently complicated task as it involves not 

only observable actions, but also an understanding of the world in which these actions make 

sense and contribute toward a particular purpose. Ford and Fordham (2006) have taken up this 
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aspect of engagement in scientific practice by seeking to understand ways in which learners are 

changed by engagement in practice.  Sandoval (2005) considers this perspective through a lens 

of practical epistemologies, while Berland, et al. (2014) propose an epistemology in practice 

framework.  The presence of these additional frameworks points to the need to be able to 

incorporate additional aspects of practice such as epistemological meaning making in order to 

attain an even more robust description of student engagement in scientific practice in the K-12 

classroom.  

 

 

 

  



67 

 

 

Systemic Mediation of Teachers’ Response to the Next Generation Science Standards 

 

 

Abstract 

 

The development, widespread adoption, and ongoing implementation of the Next 

Generation Science Standards (NGSS) represent an exciting opportunity to more equitably 

provide experiences for students to engage in the authentic practices of science.  Developing 

teaching practices that embrace this ambitious orientation toward science teaching and learning 

will require a significant shift of instructional practices for many teachers (Reiser, 2013).   This 

manuscript documents and describes the unfolding of the NGSS in one particular school district, 

and explores the ways in which the complex work of negotiating the implementation of the new 

standards by teachers is systemically mediated.  Using qualitative research methods and cultural 

historical activity theory (CHAT) (Engeström, 1987), component parts of activity systems were 

identified that influenced teachers’ work related to the NGSS.  Using a third-generation CHAT 

framing, tensions among the activity systems levels were identified that mediated the outcome as 

teachers’ negotiated the NGSS, and its potential influence on their classroom practice. Main 

findings include the identification of three levels of activity systems that impact teachers’ 

response to the NGSS.  Further, tensions among the differing objects of activity systems, and 

tensions regarding key points of contact among the levels of activity systems were found to 

mediate teachers’ response to the standards. Implications of these findings for understanding the 

implementation of the NGSS are also discussed. 
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Introduction 

 

The Next Generation Science Standards (NGSS) are an innovative set of K-12 science 

standards that draw on decades of research regarding the teaching and learning of science, and 

are designed with the goal of preparing all students for the challenges they will face in our 

increasingly scientific and technological society (National Research Council, 2012). While the 

standards present a coherent, cohesive, and extensively studied plan for science education in the 

United States, they represent a significant departure from the teaching and learning that occurs in 

many science classrooms (Reiser, 2013) with a key change being the engagement of students in 

the epistemic practices authentic to the discipline of science (Xiang & Passmore, 

2014).  Persistent pedagogical practices that counter the vision of science teaching described in 

NGSS have been found to be widespread (Trygstad, Smith, Banilower, & Nelson, 

2013).   Further, it has been shown that even highly-qualified and motivated science teachers 

struggle to enact such reform-based teaching practices such as those envisioned in the NGSS in 

their classrooms (Capps & Crawford, 2013).   

This project describes the ways the NGSS unfolds in science classrooms in one K-12 

school district located in an early-adopting NGSS state. Currently little is known about the 

influence of the NGSS on classroom instruction partly stemming from the recentness of their 

development.  However, further impeding a robust understanding of the potential influence of 

new science standards is a “top-down” orientation toward that is frequently employed in thinking 

about education systems (Berger, 2000).   This unidirectional stance is evidenced in numerous 

studies of education reforms and the fidelity with which they are implemented (Odden, 1991), 

and is often couched in terms of an “implementation problem” (McLaughlin, 1987).  However, 
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Guiterrez and Penuel (2014) argue that studying the “social life of interventions moves us away 

from imagining interventions as fixed packages of strategies with readily measurable outcomes 

and toward more open-ended social or socially embedded experiments that involve ongoing 

mutual engagement” (p. 20). This quote represents a potential shift in orientation toward reforms 

in the education system that, rather than perpetuate a top-down fidelity stance, offer suggestions 

of alternative perspectives concomitant with the types of findings not likely to be surfaced 

otherwise. Likewise, Fink (2003) characterizes this shift in perspective with the statement, “For 

researchers it reinforces the need for educational research to be more sensitive to the work and 

lives of ‘real’ people in ‘real’ schools” (p. 107).  Fink’s argument points to the importance of 

attending to the actual teachers, and the actual, typically complex, contexts in which they work 

when considering research related to implementation of reforms. 

Aligned with the perspectives toward educational reform put forth by Gutierrez and 

Penuel (2014) and Fink (2003), this study uses cultural historical activity theory (CHAT) 

(Engeström, 1999), to understand the ways in which adoption of the NGSS impacts teachers’ 

classroom practices.  Further this project proposes potential explanations for patterns of changes 

found in classroom practice.  More specifically this study addresses the following research 

questions: 

1. What systemic components influence science teaching in a K-12 school district that has 

officially adopted the Next Generation Science Standards as policy? 

2. How are teacher responses to the adoption of the Next Generation Science Standards 

mediated across systems levels?  

Before turning to the specifics of this study, it is worth reviewing pertinent literature that situates 

this study and supports its theoretical framing. 
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Background  

 

This study seeks to understand the impact and influence of a new set of science standards 

on the classroom practices of teachers in a K-12 school district that has adopted the 

standards.   Research analyzing the effects of various educational initiatives has a long tradition 

as researchers have sought to understand the factors that impact the implementation process.  In 

order to situate this study in the context of this line of research, a brief overview of 

implementation research will be provided before expanding on the specific stance toward 

implementation research that was used to address this study’s research questions.  

 In characterizing implementation research, three broad waves have been identified 

(Honig, 2006; Odden, 1991; Goggin, M., Bowman, A.O., Lester, J. & O’Toole, L., 1990).  First- 

wave studies of implementation were typically large-scale studies of the policies, and almost 

universally found as an outcome a failure to achieve significant implementation as envisioned by 

the policy (Honig, 2006).  Early studies identified barriers to policy implementation such as 

intra-organizational relationships, commitment to change, and organizational 

complexity.  Collectively these barriers are often talked about as matters of “capacity and will” 

(Odden, 1991), and viewed as potential impediments to successful implementation (McLaughlin, 

1987).  The solutions to these perceived problems of implementation was assumed to rest in the 

policy design itself, namely the policy’s potential to exert a successful combination of pressure 

and support to potential implementers (McLaughlin & Pfiefer, 1988).  First-wave studies were 

helpful in moving the field of implementation research forward with the important recognition 

that adoption of a new policy is does not necessarily equate to its implementation.  Rather, 
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implementation was viewed as a process unique from adoption, and one that was worthy of study 

in its own right.  However, findings from this wave of implementation tend to be rather limited 

because they focus on the policy itself, and changes that could be made to the policy in order for 

it to be implemented with greater fidelity. Missing from this focus is understanding of the 

contexts in which the policy is implemented, the local agents that will be implementing the 

policy, and the ways that these factors may influence implementation.  

The second-wave of implementation studies moves beyond identifying impediments to 

reform, though fidelity of implementation and ways to reduce the gap between the envisioned 

changes of the policy and the actual outcomes continue to be a strong theme in this wave of 

implementation research.  There is also recognition that “variations among policy, people, and 

places” mattered to implementation (Honig, 2006, p. 6), but the ways in which they mattered 

collectively remained somewhat undertheorized. A strong theme in this wave of education 

implementation research is that teachers may not simply be resistant to change, but rather make 

professional judgments based on the interests of their students. Consistent with this viewpoint, 

researchers have explored individual teachers’ practice in response to policy changes linked to 

constructs such as teacher disposition and teacher learning (Spillane and Jennings, 1997). Others 

have worked to understand local contexts of implementation by developing a cognitive 

framework to understand the sense-making teachers do related to their classroom practice, and 

their attitudes and beliefs about the reform policy (Spillane, Reiser, & Reimer, 2002).  While 

these studies, and numerous others representing a second-wave stance toward implementation, 

contribute a more nuanced understanding of the complexities of education policy implementation 

by investigating features related to local implementation such as teachers, this wave of 

implementation studies continues a top-down orientation.  This top-down orientation toward the 
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understanding and characterization of policy implementation is problematic in that it fails to 

relate teachers’ classroom practices to the broader contexts in which teachers’ operate (Matland, 

1995).  

While this study seeks to investigate the potential impacts of NGSS at the classroom 

level, this study seeks to avoid viewing classroom practice as isolated from the larger systems 

levels in which classrooms exist and teachers practice.  Coburn (2001) captures this limitation in 

her argument that approaches to understanding policy implementation often:  

neglect the dynamic relationship between the environment and schools’ internal 

social processes, failing to account for the evidence – highlighted by education 

historians such as Tyack and Cuban (1995) – that teachers actively mediate 

norms, belief systems and practices that have diffused from the institutional 

environment, socially constructing and reconstructing them as they put them into 

place in their own contexts (p. 147). 

  

This quote highlights limitations common to first- and second-wave orientations that do not 

attend to the multiplicity of systemic components that mediate teacher response to policy 

implementation.  This limitation of earlier waves of implementation has long been recognized 

such as McLaughlin’s (1987) call for a third-wave of implementation studies which would use 

systems of analysis that study implementation more holistically and contextually. Consequently, 

this systemic focus is a prominent theme in third-wave implementation studies.  Honig (2006) 

captures this focus in her argument:   

Rather implementability and success are the product of interactions 

between policies, people, and places - the demands specific policies place 

on implementers; the participants in implementation and their starting 

beliefs, knowledge, and other orientations toward policy demands; and the 

places or contexts that help shape what people can and will 

do.  Implementation research should aim to reveal the policies, people, and 

places that shape how implementation unfolds and provide robust, 

grounded explanations for how interactions among them help explain 

implementation outcomes (p.2). 
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This quote is of particular note in the way it describes the orientation of third-wave 

implementation, and its focus on the interactions of the multiple components impacting 

implementation, and that investigations into these components should yield explanations that 

help understand implementation.  

However, despite movement in implementation research toward third-wave 

implementation studies, a common paradigm that counters this movement is often still found in 

implementation research. Fidelity of implementation remains a significant paradigm in 

implementation research (Dhillon, Darrow, & Meyers, 2015), and is driven by the central 

argument that higher fidelity of implementation is associated with more significant outcomes of 

the intervention (Dane & Schneider, 1998). Further, O’Donnell (2008) argues that “Today, in an 

era of accountability, the call for measuring fidelity of implementation to K–12 core curriculum 

interventions during efficacy or effectiveness studies is receiving increased attention” (p. 

35).  While research into the fidelity of implementation has been helpful in elucidating the 

variety of factors involved in implementation, there have been phenomenon documented in the 

literature for which it has been found to be less elucidating.  For instance, Buxton et al. (2015) 

found that a fidelity of implementation perspective was “inadequate for explaining the complex 

interactions and decision making that took place between ourselves as implementation 

researchers and the teachers, students, and families who participated with us” (p. 490). Rather, 

these researchers sought alternate explanations that position individuals as “actors engaged in 

cultural and social productions, but those productions still take place within powerful structures 

(p. 491).”  Such repositioning has the potential to move towards Gutierrez and Penuel’s (2014) 
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view that interventions be studied as complex social interactions rather than fixed top-down 

mandates with clear and measurable outcomes. 

Finally, it is worth highlighting an entailment that is commonly present in 

implementation research that potentially impedes a more systemic perspective on 

implementation: its focus on individual teachers.  Many of the previously cited studies take as 

their unit of analysis the individual teacher.  This focus continues to be present in recent works 

seeking to understand teachers’ response to the reform-based science teaching envisioned in 

NGSS. For example, Veal, Riley, Howell, & Peter’s (2015) recent investigation of the 

implementation of reform-based science teaching focuses on individual teacher’s normative 

beliefs.  Examples of a less individualistic view of teaching certainly exist, such as Horn’s 

(2010) view of teachers’ knowledge as “socially, culturally, and historically constructed” (p. 

228), rather than an entity existing solely in the heads of individual teachers. An additional 

example of moving beyond analysis of individual teachers analyzes professional learning 

communities as sites for negotiation and meaning making, and argues that these professional 

communities act to mediate between policy and classroom practice (Coburn, 2001). To move 

toward a more systemic understanding of complex interactions such as policy implementation 

there is need for ways of viewing the work of teaching that recognizes the individual, but also 

attends to the broader contexts and communities in which the individual works.  

In seeking to understand the ways in which the NGSS influence teachers classroom 

practice, the study attends to Honig’s (2006) argument by elucidating outcomes in terms of 

teachers practice, identifying influential components of multiple levels of systems, and providing 

potential explanations drawn from both empirical observation and theoretically derived 

constructs.   While motivated by aims of third-wave implementation studies, this study also 
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attempts to move away from understandings of implementation strictly in terms of fidelity, and 

utilize a unit of analysis that expands beyond individual teachers. A theoretical perspective that 

undergirds this work is discussed in the following section.  

 

Theoretical Framework 

 

In order to foreground both the work of teachers in the classroom as well as the 

connection this work has to the larger systems in which this work takes place, this study draws 

on a framework of Cultural Historical Activity Theory (CHAT).  CHAT has roots in Russian 

scholarship, most notably that of Vygotsky (1978) and continuing through the work of Leon’tev 

(1978, 1981) and Luria (1976, 1979).  Fundamental to a CHAT perspective, as with other socio-

cultural perspectives, is a commitment toward a non-isolationist stance in viewing the individual 

and the environment in which that individual exists.  CHAT draws on tenets of activity theory in 

its recognition that activity as performed by subjects is mediated by artifacts such as culturally 

available tools.  In other words, the goal-directed actions taken by agents (usually people, but can 

be extended to include organizations) are influenced, both enabled and constrained, by the tools 

that are available to facilitate that action.  Tools in this context can consist of actual material 

items or symbolic ones such as linguistic resources.  Roschelle (1998) describes the importance 

of tools from an activity perspective with the statement, “Tools import history into person-goal 

relationships, carrying a configuration of resources that both enables a task to proceed and 

constrains its possibilities” (p. 43).   This quote highlights a further important tenet of activity 

theory in that tools influence the action that agents take, but that the tools themselves are also 

influenced by human action, and thus imbue activity with a cultural history that created the 

tool.    
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While CHAT draws heavily on an activity theory perspective, unique to CHAT is both a 

focus on activity as a unit of analysis as well as a focus on the rules, community, and division of 

labor that fundamentally interact with that activity (Engeström, 1999). This moves beyond first-

generation activity theory that focuses on the individual as the unit of analysis (Engeström, 

2009), and highlights activity as embedded within organizational, political and discursive 

practices (Roth and Lee, 2007). In a move to understand the relationships of these fundamental 

components of complex activity systems, Engeström (1987) developed a model that is now 

characteristic of second-generation CHAT analyses (see Figure 11).  In this model, Yamagata-  

Figure 11: A model of an activity system from a CHAT perspective based on Engeström (1987) 

 

Lynch (2010) provides a helpful description of each of the component parts of the triangle: 

The subject is the individual or groups involved in the activity. The tool includes 

social others and artifacts that can act as resources for the subject in the 

activity.  The object is the goal or motive of the activity. The rules are any formal 

or informal regulations that in varying degree can affect how the activity takes 
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place.  The community is the social group that the subject belongs to while 

engaged in the activity. The division of labor refers to how the tasks are shared 

among the community. The outcome of an activity system is the end result of the 

activity (p. 2).   

 

While descriptions of component parts, such as those noted above, are helpful in identifying 

parts of the systems, Engeström (2009) states that in describing these component parts they are 

always characterized by “ambiguity, surprise, interpretation, sense-making, and potential for 

change (p. 55) which acts as a caution against identifying the component parts of an activity 

system in an overly simplified manner. This caution is further expanded by Engeström’s (2001) 

statement, “The object of activity is a moving target, not reducible to conscious short-term goals” 

(p. 136). Taken together, these two quotes introduce the inherently complex nature of activity 

systems, and the ways in which their complexity makes identification of key components 

challenging.  Keeping these cautions in mind, and the slippery nature of categorizing 

components of an activity system, second-generation activity theory is helpful for moving 

beyond a focus on the individual, and taking a more expansive view to include the community 

that surrounds the activity.  However, given the complexity of human activity, there are many 

instantiations of activity that cannot be adequately understood without also accounting for the 

multiple systems that exert influence. 

 A third-generation of activity theory has emerged as a means of expanding to include 

activity that occurs as a result of or is strongly influenced by multiple activity systems. Figure 12 

shows a model of a third-generation CHAT analysis that involves two activity systems  
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Figure 12: Model of multiple levels of activity systems from third-generation of activity theory 

 

interacting. The major shift in the third-generation of CHAT is the recognition of multiple 

interacting activity systems that are often present in human activity.  The utility of this 

generation can be illustrated by Engeström’s (2001) analysis of a health care system in Finland 

where multiple activity systems were involved in delivering care to children with medically 

complex conditions.  By accounting for the influence of the multiple levels of activity systems 

involved key gaps, overlaps, and discoordinations of care were able to be identified. The 

usefulness of CHAT in identifying contradictions across systems levels can be summarized with 

the observation: 

 AT is highly attuned to contradictions that can occur within an activity.  These 

contradictions can occur at multiple levels as components of the activity triangle 

become inconsistent or incompatible.  The drive for development within an 

activity is basically a drive to resolve contradictions (Roschelle, 1998, p. 244).  
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This quote highlights the usefulness of CHAT in both surfacing tensions that arise between 

components of activity systems, and how these tensions can be used to understand outcomes of 

activity systems as resolution of these contradictions is sought. 

CHAT has been used to study human activity in a wide variety of contexts, and has been 

gaining traction in the education community.  Roth and Lee (2007) note the increase in its 

prevalence in the education literature over recent years and argue that, “Because CHAT 

addresses the troubling divides between individual and collective, material and mental, 

biography and history, and praxis and theory (e.g., Cole, 1988), we believe that it is deserving of 

wider currency in the educational community” (p. 191).  The education community has been 

responsive to an increased use of CHAT as a framing perspective as evidenced by the wide 

variety of topics studied including teacher professional development (Yamagata-Lynch & 

Haudenschild, 2009), preparing teachers to work with diverse student populations (Ball, 2000), 

and literacy learning (Gutiérrez & Stone, 2000). Specific to science education, a CHAT 

perspective has been used to explore teacher induction (Saka, Southerland, & Brooks, 2009), 

representations used in science textbooks (van Eijck & Roth, 2008), and participant structures in 

the classroom (Patchen & Smithenry, 2014).  While the studies cited above represent a small 

sampling of the many studies in the education community that make use of a CHAT perspective, 

they begin to illustrate the range of phenomenon within education that are amenable to 

explanation via this perspective. Perhaps its usefulness to explore such a wide ranging set of 

educational phenomenon is not surprising when considering that activity theory at its core is a 

theory about learning and development (Roth & Lee, 2007).  

In addition to providing a strong theoretical underpinning for explaining learning and 

development, a further strength of CHAT is its ability to attend simultaneously to the parts of the 
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system, the system as a whole, and the way these parts relate to the whole.  Patchen and 

Smithenry (2014) argue that, 

Fundamentally, CHAT acts as a “bifocal” analytic lens, keeping an eye on parts, 

elements, or moments of praxis, while attending to the context in which these 

moments occur.  The strength of this type of lens resides in its capacity to reveal 

relationships between the parts and the whole, that is the interconnected nature of 

activity in the classroom as it unfolds in real time and real working praxis (p. 

607). 

 

In its ability to focus on both moments of practice and the context in which these moments occur, 

as highlighted in the above quote, CHAT is a particularly useful theory in that it holds high 

potential for proposing explanations that account for patterns of change in contextually complex 

environments such as education systems.  Yamagata-Lynch (2010) further describes strengths of 

CHAT lens in that it allows a researcher to: (a) identify a manageable unit of analysis, (b) 

identify systemic interactions, (c) understand of tensions and constraints within the system, and 

(d) communicate findings from the analysis.  

This study examines teachers’ classroom practice and the ways it may be influenced by 

the NGSS while recognizing that classroom practice is strongly influenced by the context in 

which it occurs. Therefore, specific to this project, CHAT as a “bifocal” lens affords the 

opportunity to analyze particular moments of teachers’ classroom practice without isolating or 

detaching them from the contextual whole in which the moment occurs. Such a lens allows for 

considering classroom practice in the context of system in which such practices takes place, with 

the implementation of NGSS being one component of this system. CHAT is also a perspective 

that does not relegate changes in classroom practice to specific features of individual 

teachers.   Finally, in employing CHAT as a framing perspective in this study, care is taken to 

avoid the dichotomy of viewing the activity systems as either a principle of explanation or an 
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object of study (Engestrom, 1999).   Rather, a non-dichotomous view is deployed that takes a 

view of the activity system as both an object of study as well as using an understanding of 

activity system to offer potential explanatory accounts of particular phenomenon surfaced in the 

study. 

 

Research Methods 

 

Methodology 

 

This study follows participant teachers in a K-12 school district that has adopted the 

NGSS.  Multiple streams of data were collected to learn about teachers’ classroom practice, and 

they ways in which their response to the new standards influenced the ways they engaged 

students in the scientific practices highlighted in the standards.  Additional data were collected in 

order to understand the ways in which teachers’ responses to the NGSS were mediated by the 

multiple systems that influence the work teachers do. This section will describe the context of the 

study, the types of data collected, and describe the ways in which the data were analyzed. 

The research methods used in this study were influenced by both phenomenological and 

ethnographic methodologies.  Particular tenets of ethnography that were influential in this study 

include the commitment to make meaning of behaviors in part from perspective of the 

participants in the study, and to offer explanations of behaviors that account for the sociocultural 

context in which they occurred (Erickson, 1984).  An additional tenet utilized was the 

commitment to spend sufficient time in the field sufficient to gain access to multiple sources of 

data (Glesne, 2006)   
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This study was also guided by Schoenfeld’s (1992) guidelines for maintaining 

trustworthiness in data including: providing context and description of issues, describing a 

rationale for the method, using sufficient detail in description of methods that others could 

follow similar method, providing sufficient data for reader to analyze and determine if it supports 

findings, and addressing the scope and limitations of the method.   

Research context 

This study occurs in a rural school district located in the Pacific Northwest and will be 

referred to as West School District (WSD).  The district enrolls approximately 3,000 K-12 

students with the vast majority of students educated in three elementary schools (K-5), one 

middle school (6-8), and one high school (9-12).   However, for the duration of this study, due to 

the middle school building being condemned, the middle school was operating as a “split 

campus”; students in 6th and 7th grades were housed in functional wings of the middle school 

and in portable classrooms, while students in the 8th grade were housed primarily in a wing of 

the high school building though they shared spaces such as gyms and science laboratories with 

the high school.    

In the district, 79% of students identify as white, 16% Hispanic, 3% Asian, 1% African 

American and 1% American Indian.  Thirty-nine percent of students qualify for free or reduced 

lunch, 13% qualify for special education services and 7% qualify for transitional bilingual 

services. Across the district, 79% of third graders and 56% of fifth graders score at or above 

grade level in reading.  In math, 62% of third graders and 39% of eighth graders score at or 

above grade level, and 61% of eighth graders score at or above grade level in science.  The 

district employs 163 teachers with 94% of classes taught by teachers that meet NCLB’s criteria 

for high qualified teacher (taken from WSD’s website).  While this district is certainly not 
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representative of all districts across the nation, neither is it a necessarily unique district as overall 

almost a quarter of public school students are educated in rural schools, and in half the state’s 

rural school districts educate the majority of public school students (Editorial Projects in 

Education Research Center, 2011).   

From this district, science teachers and district administrator participants were recruited 

to voluntarily participate in the study.  Six classroom teachers participated (2 elementary school 

teachers, 2 middle school teachers, and 2 high school teachers), one district administrator, and 

one elementary school teacher who served as the science kit logistics coordinator (see Table 8 

for description of participants).  In WSD, elementary school science is primarily taught using kits 

provided by the Educational Service District (ESD) that contain both the curriculum and 

materials.  Each grade level works through three kits a year covering a variety of science 

concepts such as plant growth, weather, and properties of matter.  The kit coordinator acts as the 

liaison between the district and the ESD to ensure smooth distribution and collection of the 

science kits throughout the year. 
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Table 8 

Participant profiles 

Name Grade Taught Subjects Taught 

ASTRID 6th 6th and 7th grade science 

BEVERLY 5th 5th grade curriculum 

CHRISTOPHER High school 9th grade science, AP environmental 

science, AP physics 

DAVID 8th 8th grade science 

EMILY High school 9th grade science and chemistry 

FRANCES 5th 5th grade curriculum 

GEORGIA 5th and science kit coordinator 

for district 

5
th

 grade curriculum 

HENRY District assistant superintendent N/A 

 

Data collection 

  

Multiple sources of data were used to inform this study.  One main source of data was the 

observation of teachers’ classroom practices.  Teachers’ classrooms were observed and video 

recorded a total of six times over a two-year period.  To augment video recordings of the 

classroom lessons, observation notes were also kept. In order to collect classroom observation 

data relevant to the NGSS, and particularly the inclusion of scientific practice in the classroom as 

envisioned by the NGSS, a classroom observation protocol, the Practices of Science Observation 

Protocol [P-SOP] (Forbes, Biggers, & Zangori, 2013) was used. Scientific practices were a focus 

of influence as they are both a unique component of NGSS, and the earliest change in 

instructional practices outlined on the state transition plan (see Appendix B). 
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A background survey (see Appendix E for survey) was used to learn more about the 

participants and their initial understanding and awareness of the NGSS. In order to understand 

participants’ perspective toward the introduction of the NGSS in more detail, all participants 

were interviewed using semi-structured interview protocols (see Appendix F for interview 

protocols).  All interviews were audio-recorded and transcribed.  Additionally, I attended all 

district level professional development offerings as a participant observer, and kept field notes 

from these experiences.  Finally, artifacts from the state department of education regarding the 

state’s adoption of NGSS including timelines, transition plans, policy statements, and white 

papers were collected from their publicly available website.   

Unit of analysis 

 

For this study and its systemic orientation, it was necessary to determine appropriate units 

of analyses.  A potential challenge in adopting an activity systems theoretical stance is 

determining what counts as a system, and therefore what the unit of analysis will be. In this 

particular study, concept of “systems” is too broad and poorly defined to be the object of 

research without some further considerations.  Therefore, I used several considerations in 

determining my focal units for analysis which will be discussed in greater detail below.   

The first consideration I made with respect to determining appropriate and researchable 

units of analyses was to restrict the exploration of the phenomena to those related to the research 

questions. While teachers no doubt have multiple goal oriented activities occurring in their 

classrooms simultaneously, the study focuses on activities related to a particular phenomenon of 

interest - the introduction of a new set of science standards.  Likewise, the same systems 

(teachers’ classrooms, school districts, state departments of education, etc.) can and do engage in 
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a multiplicity of activities, only those features potentially related to the NGSS were investigated 

and consequently surfaced in this study. This bounding is a methodological choice aimed at 

honing in on relevant units of analyses, rather than an implicit attempt to prioritize some 

activities over others.    

An additional consideration toward determining units related to the proximity of the 

activity systems and the resulting potential for influence.  Again when considering a teacher’s 

classroom as an activity system there are many other levels of activity systems in which this 

system is essentially nested: building, district, region, state, nation, etc.  In order to structure 

analysis, key proximal levels of the system were selected based on their ability to exert a 

significant and more direct influence.  Again, this bounding does not negate the presence of these 

other multiple levels, but rather affords a highlighting of the phenomenon under investigation.   

Finally, it is important to recognize that while multiple considerations were made in determining 

unit of analyses, there is an “unavoidable simplification process (Yamagata-Lynch, 2010, p. 33) 

that occurs in translating real-world complex activity systems into triangular representations.   

Data analysis   

 

P-SOP Analysis 

The P-SOP focuses on identifying the ways in which teachers include scientific practices 

in the classroom, a key dimension of the NGSS.  It breaks scientific practice into five dimensions 

including asking scientifically oriented questions, using evidence, formulating explanations, 

evaluating explanations, and communicating results.  For this particular study, the total P-SOP 

score as well as the sub-score for each dimension of scientific practice for each participant 

teacher for each year was found.   To determine the P-SOP scores for each teacher for each year, 

consistent with the Forbes, Biggers, and Zangori’s (2010) methods, each set of classroom 
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observations was given a sub-score along each of the five identified dimensions of the practices 

of science based on four sub-constructs of the particular dimension of practice.  Therefore, the 

scores for each dimension range from zero, indicating no evidence for that particular practice in 

the classroom to 12 which indicates strong evidence for in-depth inclusion of that dimension of 

practice.  The total P-SOP score was then found by summing the five dimensions with the 60 as 

the maximum possible score (see Manuscript 1 for a more detailed description of the P-SOP 

instrument and scoring).  

CHAT Analysis 

All interview data was transcribed and coded with the coding software NVivo10 using a 

constant comparative method (Glaser & Strauss, 1967) across different participant’s interview 

data.  Initial codes were developed inductively and organized into themes influenced by the 

constructs of CHAT through a process of categorizing and connecting (Maxwell and Miller, 

2008). Coded data were then used to construct initial understandings of the activity structures 

that were present at multiple levels in the system.  The relationships between these activity 

structures and noted outcomes were then analyzed to develop tentative explanatory research 

conjectures (Merriam, 2009; Patton, 2003) that were tested against the corpus of data by 

identifying specific evidence that supported the conjectures as well as evidence that potentially 

countered the conjecture.  Evidence and counterevidence were shared with a second researcher 

as a means to further test the interpretation of the data. As a result of this collaboration and co-

interpretation of evidence, research conjectures were modified. The research conjectures were 

then analyzed to identify further patterns that could be categorized from a CHAT 

perspective.  Throughout the analysis a study database maintained, and attention was given to 



88 

 

 

maintain a chain of evidence that documents steps taken to move from research question to 

conclusion (Yin, 2009).  Figure 13 provides a visual representation of this process. 

 

Figure 13: Steps used in analysis of data using method modified from Yamagata-Lynch 
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Operationalization of activity system components 

 This final section of analysis will describe the ways in which Yamagata-Lynch’s (2010) 

general descriptions of the components of an activity system were operationalized in the context 

of this particular study.  Consistent with a CHAT perspective subjects were identified as the 

agents involved in the activity whether they be individuals, such as teachers, or entities, such as 

the school district.  The objects were identified as the motives or goals that drove the particular 

activity the in which the subjects were involved.  Objects were investigated by considering the 

question of why the agent or subject was engaged in the activity.  So for instance, what did 

teachers identify as their goals toward responding to the NGSS, or what goals did the state 

articulate regarding the implementation of the NGSS. Again, consistent with a CHAT 

perspective, tools were identified as resources subjects leveraged in order to carry out the 

activity.  An article was considered a tool in this study if it was referenced as being a resource, or 

somehow being of use in conducting the activity. Particular to this study, the resources that 

various agents identified that could be leveraged in response to the NGSS were described as 

tools. This somewhat contrasts to a potentially similar component of the activity system, 

rules.  While rules also influence the way in which agents conduct the activity, they are not 

typically seen as a resource or useful entity as much as a mandate that typically exists often 

outside of the control of the agent.  Rules in this study were entities that agents identified as 

being beholden to in their response to the NGSS.  The final two components of the activity 

system have to do with the people involved, or the community, and the division of labor, or the 

ways in which responsibilities related to the activities were distributed.   In identifying these 

components, the answers to questions such as who is involved in or influenced by work of 

carrying out the activity and what role do various agents assume in the activity were sought. 
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Results 

Description of activity systems 

In this set of findings, I attend to the first research question which seeks to identify 

systemic components that influence science teaching in a K-12 school district that has officially 

adopted the Next Generation Science Standards as policy.  Using the multiple data sources 

delineated above, each activity system will be described in terms of its key components.  The 

first activity system describes activity related to the teachers, while the second addresses activity 

related to the district in which the teachers work, and the last activity system describes activity 

related to the state in which the district is located. 

Teacher activity system 

The activity system describes activity as related to the participant teachers in the study in 

relation to their response to the NGSS.  By investigating the data through a CHAT lens to 

identify pertinent component parts there are several notable features that are worthy of closer 

inspection (see Figure 14).  Each component, or vertex of the activity triangle, is described in 

greater detail below.  It is also worth noting that in many ways this is the most complex level of 

system analyzed in this study as it draws from the diverse perspectives of multiple participants 

that can be identified as subjects with the title “science teacher.” 

Object 

Turning to Figure 14, the first component I will discuss is the object or goal teachers express in 

relation to their teaching and the NGSS. While all participant teachers expressed awareness of 

the state and consequently district adoption and implementation of the NGSS (background 

survey data), this awareness influenced participant teachers’ expressed object with regard to their 
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teaching in a variety of ways.  One teacher characterized her classroom practice in relation to 

NGSS as: 

EMILY (Interview 12-17-15): I just want them to be able to think and do like scientists think and 

do, because that is the main point of NGSS was to think and do like scientists think and do.  

 

In this quote, Emily expressed her view of science teaching with respect to NGSS as wanting to 

identify the main point or goal of the standards, for students to think and do like scientists, and 

then develop her teaching practice in a way that allows her students access to this goal.    

 

 

Figure 14: Activity system of participating science teachers in the district 
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Contrasting this object, was that of Christopher who describes the object of his teaching as not 

particularly related to NGSS, but that addresses what can be considered important topics in 

physical science. 

CHRISTOPHER (Interview 2-19-16): Really, to be totally honest, a lot of that we probably just, 

it like we just kind of hit on some topics and we do them and that’s why we’re doing 

them.  Things acquire certain inertia, and they are good topics. 

 

In this quote, Christopher is identifying that in his teaching he is primarily responsive to what he 

has identified as key disciplinary content, and he does not necessarily identify the NGSS as 

particularly related to this goal.  A final object that participants voiced was a characterization of 

the object of their science teaching practice as covering the curriculum.   

ASTRID (Interview 1-19-16): Pretty much what the curriculum we have guides what I do. 

Teachers expressed similar ideas regarding a main object of their teaching such as: 

DAVID (Interview 12-2-15): We just are stalling our time to make that transition to the new 

curriculum.      

 

FRANCES (Interview 2-26-15): Then they, the ESD, with the kits, does a really good job trying 

to take you through the science notebook and how to set it up and all that. 

 

In the above quotes, both David and Frances highlight the important role that curriculum places 

in their teaching either in terms of waiting for a new curriculum to address the new standards or 

recognizing the importance of the ESD provided science kits in shaping classroom 

practice.  Classroom observations also provide further support that their teaching practice can be 

characterized by these objects.  Astrid, David, and Frances were observed teaching lessons 

significantly based on, and using suggested resources from the district-adopted curriculum. 

Christopher and Emily tended to rely more on material put together by themselves or other 

teachers that was responsive to their stated teaching stance.  In summary, both interviews and 
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classroom observations surfaced a variety of ways in which teachers’ describe their teaching 

practice in relation to the NGSS. 

Tools and signs 

Participant teachers also described access to several tools that they found meaningful in 

mediating their response to NGSS.  Given the identified importance of curriculum to classroom 

practice, multiple participants (Frances, Georgia, David, and Astrid) identified access to an 

NGSS aligned curriculum as an important tool for shaping their classroom practice as seen in the 

quotes in the previous section.  Additionally, professional development opportunities, some as 

department conversations during student early release days, but mainly professional development 

seminars provided by the local educational service district were identified as a tool used in 

shaping classroom practice such as David’s statement. 

DAVID (Interview, 12-2-15): I think it is still fair to say that yeah, you know, I’ve been to a few 

trainings. I understand what they’re asking us to do with the NGSS in terms of changing the 

ways that we start these dialogues. 

 

David identifies professional development experiences that have helped him understand the 

NGSS.  Astrid also identifies these trainings as useful and extends their benefit to include things 

that she can use in her classroom. 

ASTRID (Interview, 1-19-16): Definitely continuing to go to these trainings.  I think they’re 

beneficial.  And, I bring a lot of stuff back like the summary posters. 

 

These statements from participants as well as my field notes from attending the ESD trainings 

lend support to the role of professional development opportunities as a tool teachers accessed in 

carrying out activity related to the NGSS. 
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Division of labor 

An additional interesting component of the teacher activity system were the roles or 

distribution of labor participants identified in relationship to NGSS.  All participant teachers 

either directly express (interview data from FRANCES:2-26-16: line 9-26, 71-77 , GEORGIA: 

2-26-16, lines 92-93, DAVID: 12-2-15, lines 226-227, and ASTRID: 1-19-16, lines 10-12, 147-

152 ), or demonstrated in their classroom practice their agency by modifying and/or rejecting 

aspects of the curriculum (field notes of classroom observations of Christopher and Emily), a 

significant amount of autonomy in day-to-day decisions affecting classroom instruction.  Some 

participant teachers such as David (interview, 12-2-15, lines 226-227) directly linked this 

autonomy in decisions related to classroom practice to his role in making changes envisioned by 

NGSS.  Others such as Astrid (interview 1-19-16, lines 149-150) identified her role in interacting 

with the NGSS more in terms of helping to select an aligned curriculum. Given the identification 

of professional development as a tool participant teachers had access to in terms of the NGSS, it 

is unsurprising that participants such as Emily (interview 12-17-15, lines 214-215 and field notes 

from attending PD), Astrid (interview 1-19-16, lines 185-187 and field notes from attending PD), 

and David (interview 12-2-15, lines 195-200) also mentioned attending district provided 

professional development related to the NGSS as a role they valued in responding to NGSS. 

Community 

While participant teachers identified a significant amount of autonomy in their teaching 

decisions, there was also recognition that their practice was influenced by many factors including 

the community in which they practiced.  In considering community, participant teachers 

described this as an important component influencing their teaching as a whole, and in regards to 

responding to NGSS.  All participant teachers during their interviews mentioned opportunities 

for interaction with their peers in the form of department meetings, faculty meetings, and 



95 

 

 

professional learning community (PLC) time.  In describing interaction with his teaching 

community, Christopher stated: 

CHRISTOPHER (Interview 2-19-16): I mean I think we do have enough collaboration time.  A 

lot of times that collaboration time, things get taken up with other meetings and so on. But we 

did, I think, we do have some time to do that [referring to NGSS].  But again a lot of what, it’s 

nice to spend time doing is figuring out how you can teach. 

 

While Christopher expresses overall satisfaction with opportunities to collaborate with peers, he 

states his preference for opportunities to work on developing activities that can be deployed in 

the classroom, rather than what he identifies as more peripheral topics including conversations 

related to the NGSS.   

Similarly, other participant teachers expressed their desire to collaborate with peers, but 

identified constraints that challenged this desire.  David mentioned the impact of the split-

campus middle school, and its negative effect on collaboration. 

DAVID (Interview 12-2-15): And we don’t have a good peer structure set up.  We don’t within 

the science team.  We don’t really have a mentorship program for the new science 

teachers.  Like, we’ve got two new science teachers. One is a veteran teacher that is new to 

science, he’s been teaching math. And the other is just a second year science teacher.  And even 

our third in command down there in the 6/7 campus is still only a four year veteran. Really a 

very young group, and we don’t have any kind of opportunity because of this weird split campus 

to really have a dialogue. …...We still have a chance to see our colleagues, but the structure, 

because we see them so little, the structure is focused on school safety, lots of other red tape. 

 

In this quote, David is describing a particular challenge he faces in the support structure of his 

teaching community.  Not having one middle school building where all teachers practice 

constrains the amount and quality of teacher collaboration in terms of instructional support. In 

addition to constraints on levels of community engagement due to the physical environment, 

several participants expressed challenges in achieving desired levels of collaboration.  Georgia 

spoke of the value she placed in collaboration with peers, however, Georgia described 
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collaboration being restricted to her building rather than across the district mainly due to lack of 

participation.       

GEORGIA (Interview 2-26-26): There’s not a lot of buy-in on a Friday afternoon to talk about 

something that is inundating, unmotivating or confusing.  But we are finding it valuable because 

we value our team climate. 

 

Specific seeking a peer community to work with the NGSS, Emily found challenges in finding 

this in her building.  

EMILY (Interview 12-17-15) I don’t feel, I really don’t feel supported at school with my, I don’t 

talk about it basically. I don’t talk about them being an NGSS lesson.  I don’t talk about them 

being an NGSS idea.  I don’t talk about them…….I wish I had a peer group locally that I could 

just and talk with, and say here’s the challenges I’m going through, and here’s the you know. 

 

Rather, Emily reported avoiding the topic with her peers and turning to more distributed peer 

support specifically virtual communities in which she participated.   

 Overall, participant teachers in this study reported a desire for teacher collaboration in 

their community both in general and with regards to the NGSS in the way it influences their 

teaching practice.  However, several impediments to achieving a desired level of community 

interaction were also identified including not teaching in the same building, lacking district-wide 

participation in collaboration activities, and not sharing similar teaching goals with other 

teachers. 

Rules 

A final component of the activity system that represents the teacher level of activity is the 

rules that participant teachers identify that either explicitly or implicitly directed their activities 

with regards to responding to the NGSS.  A commonly mentioned rule that teachers felt they 

needed to adhere to was the creation of curriculum maps (see Appendix G for sample curriculum 

map) for the district that outline topics covered by grade level demonstrate the alignment of 
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topics to current standards.  Christopher describes the process of using collaboration time to 

develop these curriculum maps: 

CHRISTOPHER (Interview 2-19-16):On some of the early release Fridays, one of the things we 

had to do was make a curriculum map and so figured out what’s offered when and what  it aligns 

to.  And we did align them to NGSS.  It’s really easy to align anything with NGSS because NGSS 

is really broad.  So, it’s very, you can align anything with NGSS.  It’s so, so that was something 

we all did.……… But sometimes we get, “you have to create a curriculum map.” I mean those 

things are good for communication and so on, but sometimes they’re, but they don’t really 

impact your classroom teaching.” 

 

In this quote, Christopher describes how mapping teaching to standards was an assigned task that 

they were required to do, but it was not something that directly influenced his classroom 

practice.  Georgia further describes what happens with the curriculum maps once they have been 

created by teachers within the district. 

GEORGIA (Interview 2-26-16): But usually right now it’s just been on a what they call a 

curriculum map. So, will we write down the different lessons and materials we use and 

assessments….and then we would give that document, make that document available via website.  

 

Indeed, once the maps are created, the district makes these publicly available via their website 

for both teachers of other grade levels, parents, and any other interested stakeholders to 

access.  However, these curriculum maps were not consulted by the teachers and were viewed 

mainly as a means of communication. 

An additional rule that participant teachers identified that influenced their activities was 

the need to prepare their students for state mandated assessments.  Frances describes changes she 

makes in classroom activities in order to better prepare her students for the state-mandated end of 

year exams: 

FRANCES (Interview 2-26-19): That’s something that we added and made sure that we added 

extra investigations so they had to practice. So that once they see that assessment in the spring 

they know exactly what, you know, exactly what to do.  
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Likewise, Christopher mentions the need to ensure that students have access to experiences in 

the classroom that are going to prepare them for the state assessments, though he also expresses 

some frustration regarding the lack of clarity with respect to these assessments. 

CHRISTOPHER (Interview 2-19-16): There just hasn’t been any kind of consistency with 

expectations and assessment. So, I’m not feeling like, you know, gosh if we don’t do this aspect 

of the NGSS this year it’s going to totally, you know, it going to disadvantage students at 

all.   Because, I have seen no clear follow-through or timeline on it.   

 

Further, Christopher identifies this lack of clarity regarding the state assessments as a challenge 

in responding to the NGSS and one that constrains his response to the standards. 

A final implicit rule that was addressed by Astrid was the tradition of selecting 

curriculum that is supported by the Educational Service District (ESD) that services the school 

district.   

ASTRID (Interview 1-19-16): That will probably, so whatever the ESD endorses, we tend to lean 

more towards. Because then we get the support from them, from him. So if we go with one that he 

doesn’t give trainings for then we are kind of on our own. 

 

So, interestingly while both Astrid and David identify their role as choosing the curriculum along 

with the rest of the teaching team, this choice is very much bounded by the obvious advantages 

in terms of support of professional learning of selecting the curriculum that is endorsed by the 

ESD. In summary, the main rules that teachers identify are being required to fill out curriculum 

maps for the district, the need to prepare students for state-mandated assessment, and selecting 

curriculum that the ESD support.  

The results presented thus far have made apparent that each participant teacher within the 

school district has unique experiences and perspectives to draw on. However, by creating a 

representation of an activity system at this level both these individualities as well how they 

contribute to the collective experience of teaching science within the school district are 
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recognized. Additionally, as previously noted, this activity system does not operate in isolation 

but rather in relation to multiple other activity systems which will be further addressed. 

District activity system 

Similar to a description of the teacher activity system data collected via interviews and 

field notes were used to create a representation of the activity system at the district level as it 

pertains to the NGSS (see Figure 15).  As with the teacher activity system, each component part 

will be further explained and evidenced.  

Figure 15: Activity system of school district that has adopted and implemented NGSS 
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Object 

District Assistant Superintendent and Director of Teaching and Learning, Henry, 

expressed the district level perspective of the overall object as it pertains to NGSS 

implementation as:     

 HENRY(Interview, 2-10-16): So now that switch, shift in trying to get them to say, “Look the 

standards are what need to be met.”  And, our textbook or whatever else our supplementary 

materials are your tools.  

 

In this, Henry claims that, perhaps contrary to previous learning standards adoptions, an 

important goal was that the standards be understood as setting the vision of learning and that the 

curricular materials serve as a tool or resource used in service of achieving this vision.  While 

this was the object that was prioritized, Henry (interview, 2-10-16, line 8) also recognized 

another important object to be considered during the process of changing standards, namely, 

alignment of content and curriculum to the standards.  

Tools 

As stated in the previous quote, a main tool that Henry identifies in the district level 

activity system is curricular materials such as textbooks and supplementary materials. Though 

Henry did note that given the district participates in the Educational Service District’s (ESD) 

science cooperative program, so that in many ways the curriculum, and therefore curriculum 

alignment, is directed by the ESD at least for the elementary level.     

HENRY(Interview 2-10-16): And then we do hope that K5 curriculum is [aligned], from the 

ESD. And so I guess we hope that, I haven’t been into that yet, if the ESD’s keeping up those 

with the next generation science standards. Is that, I guess that we assume that they are.     

 

Here we see Henry saying that while the teaching of elementary science is tightly connected to 

the ESD and curriculum it provides in the form of science kits, the district has a more direct role 

in other grade levels.  Finally, the curriculum maps, as previously mentioned by the participant 

teachers as a rule that must be followed but that did not necessarily facilitate classroom activity, 
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from a district perspective were a tool that facilitated work toward this object.  In having teachers 

fill out the maps for the various grade levels the curriculum map became a tool that the district 

could use toward meeting its goal of alignment. 

Division of Labor 

In describing the roles regarding standard’s adoption from the district perspective, Henry, 

consistent with what the participant teachers described, left this largely up to the teachers.    

HENRY (2-10-16): I mean I kind of left that up to the science department especially at the high 

school.  

 

In conceptualizing the district role in the process standards implementation Henry stated:  

 

HENRY (Interview 2-10-16): And so, and then, finding the resources to do that. I have a lot to do 

with budgets, curriculum and professional development and different things, federal grants. And 

so, how are we to carry this out? And then, communicating that to administrators. Saying here’s 

what your teachers are doing on his early release days. And then, working with the school board 

keeping them in the loop. And saying, we need this many early release days because we have to 

do this work. And it’s hard sometimes for people in the community to understand that. So I guess 

being that go-between, being that communicator of this is what we need, but then also with 

teachers and teacher leaders we don’t always get everything we need.  

 

Henry identifies more of a facilitator type role for district administration with tasks such as 

allocating funding and communicating between various stakeholders such as teachers, the school 

board and the community as primary roles in the activity.  Interestingly, while teachers are 

considered primarily responsible for changes related to the standards with support from the 

district, building level administrators (i.e. principals, assistant principals, etc.) have been 

designated very little responsibility in the process.  Henry describes this delineation of roles as a 

consequence of other changes the district is responsible for, namely the implementation of a new 

state-mandated teacher evaluation system (interview 2-10-16, lines 137-144).  To address these 

concurrent changes, building principals were primarily tasked with work related to the new 

evaluation system while teacher were primarily tasked with work related to the new standards. 
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Community and Rules 

Finally, common to any activity system there are rules, both explicit and implicit, that 

bound work related to the activity as well as a broader community in which the activity 

occurs.  From the district perspective, this level of activity system is viewed much like a liaison 

between local interests and state requirements.  This is evidenced in the way Henry identified a 

number of stakeholders both within the educational setting including teachers, students, building 

administrators, and those on the broader context of the community including parents and town 

residents/taxpayers.  In coordinating between such a broad and diverse group of stakeholders, 

Henry identifies rules that guide these interactions as both existing in the district particularly 

with regards to school board policies and requests, and external to the district in terms of 

compliance with state regulations.  This section has provided a description of the influential 

components of the district level activity system.  Given the nested nature of school districts 

within statewide departments of education, and the identified importance of the state’s role in 

education by participants in this study, I will now move to the representation of the state level 

activity system. 

State activity system 

Similar to the previous activity levels, an important framing of the data through a CHAT 

perspective results in identification of key components of the system (see Figure 16).  However, 

the main data sources were artifacts developed by the state that outlined the state’s adoption and 

implementation plans of NGSS and therefore, lack some of the descriptive nature found in 

previous levels. In addition to white papers and documents comparing the new standards to the 

previous standards, a particularly useful source of data for understanding activities related to 

NGSS at the state level was the summary transition plan (see Appendix B) developed by the state 
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education department in which a timeline, key components of the transition, and delineation of 

roles are described.   

The main object or goal for the state level, at least in reference to the NGSS, is the 

adoption and implementation of the NGSS.  Important tools in this process (and ones that are 

common to the types of tools that a state can typically leverage) include financial resource as 

stated by Henry (Interview, 2-10-16) and policy statements and/or mandates including 

specifically those related to mandated assessments (from state transition summary 

plan).   Additionally, the main components of the community from the perspective of the state 

level of activity system are the organization structure of the state system into educational service 

districts and local school districts. The development of detailed transition plan designed to guide 

response to the state’s adoption of the NGSS acts as a rule from the perspective of the state 

activity system. Further, the transition plan also describes a division of labor across the state 

level.  The state legislature is identified as adopting policy shifts, including those related to 

assessment, that are necessary for the adoption of the NGSS.  The state department of education 

is responsible for communication policy, network building and data collection around the 

NGSS.  Finally, issues of curricular resources and professional development are the purview of 

the ESDs. Through access state documents and corroborating findings with study participants, an 

overall understanding of the state level activity system related to the NGSS has been documented 

in this section. 
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Figure 16: State level activity system in regards to the NGSS 

 

Returning briefly to Engeström’s (1999) dichotomy of CHAT in viewing the activity 

systems as either a principle of explanation or an object of study, taken collectively these sets of 

results describing the influential activity systems and their components parts are more aligned 

with viewing the activity as an object of study.  Next, after a brief characterization of noted 
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changes in the district related to the NGSS, I will move toward also using the activity system as a 

means of explanation to better understand the noted changes.     

 

Noted patterns of change within the activity system 

The results thus far have focused on understanding the systemic components of the 

school district that are related to NGSS.  This next set of results moves toward further 

characterizing the influence of the NGSS on science teaching in the school district by noting 

patterns of change in teaching practice.  While changes in teaching practice could conceivably 

address any number of aspects of teaching, for this study an observable change in teaching 

practice that could be directly related to the NGSS was considered, namely engagement of 

students in scientific practices as described by the standards. Data used to inform the 

characterization of change in practice included classroom observations structured with an 

observation protocol (P-SOP), field notes, and interviews.  In considering patterns of change 

noted in teachers’ classroom practice, I will first present the results from the P-SOP over the two 

year period in which classroom practice was observed, and then present findings from the 

teachers regarding the way they characterize their teaching 

An initial means of surfacing ways in which teachers’ practice might be influenced by the 

NGSS was through classroom observations and application of the P-SOP.  Classroom 

observations were collected for participant teachers for two years, and the P-SOP was applied to 

document the ways in which these teachers engaged their students in the practices of science (see 

Table 9).  
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Table 9 

Total P-SOP scores of participant teachers in year 1 and 2  

 

 Astrid Beverly Christopher David Emily Frances 

PSOP 
Dimension 

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

1 7 7 8 . 4 6 4 10 6 8 4 8 

2 5 3 3 . 9 5 3 5 4 10 2 2 

3 0 3 8 . 2 0 8 8 0 9 1 2 

4 0 0 0 . 0 1 2 0 0 0 0 1 

5 0 0 1 . 0 0 4 2 0 2 0 2 

Total 12 13 20  15 12 21 25 10 29 7 15 

 

 

Table 9, reports the total P-SOP score for each participant in each year of the study as well as the 

sub-score for each dimension of the P-SOP (asking scientifically oriented questions, using 

evidence, formulating explanations, evaluating explanations, and communicating results). Total 

P-SOP scores result from summing scores that document the extent teachers include a particular 

dimension of scientific practice in the classroom.  Therefore, these P-SOP scores can be thought 

of as a measure of the extent that teachers are providing opportunities for students to engage in 

the scientific practices as envisioned by the NGSS.  Looking at the total P-SOP scores for the 

teachers for year one and two, a range of changes in teachers’ practices can be seen including 

small negative changes to large and positive changes.  In particular Astrid, David and 

Christopher all had quite small changes, with Astrid’s and David’s scores increasing slightly and 

Christopher’s score decreasing slightly. The remaining teachers, Emily and Frances, exhibiting 

larger changes in P-SOP scores with both of these changes being positive.  While this data 
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supports the claim that changes in the way teachers’ engage their students in the practices of 

science can be observed, it does not ascribe any reason to these changes or help elucidate the role 

the NGSS may have had in influencing these changes. 

 To more directly address questions relating to reasons for the observed changes, 

questions addressing changes in classroom practice in response to the NGSS were included in 

post-observation interviews.  Further, since observations occurred multiple times over multiple 

years, it was possible to see changes over time and ask specifically about these 

changes.  Consistent with a range of observed changes, participant teachers varied in the level of 

influence they ascribed to the NGSS.  Christopher described his current teaching as largely 

uninfluenced by the new standards and their view of the practice of science. 

CHRISTOPHER (2-19-16): well, I’m not really heavily influenced right now by the NGSS in 

terms of, because I think they’re not super different from what we had for the [state name] state 

standards. When we kind of adapted and aligned topics for example, that’s fairly, I feel like 

we’re still pretty well aligned.  

 

In this quote, Christopher recognizes that his classroom practice is largely uninfluenced by the 

NGSS. This is consistent with what was noted in his P-SOP score in that it started out quite low 

and did not increase, meaning there continues to be little inclusion of scientific practices in his 

classroom. 

Other teachers reported using specific elements of the NGSS, and working to include 

these in the classroom.  In observing Astrid’s classroom it was noted that she had changed the 

way that she had students write conclusions about investigations, and the importance of 

including evidence.  In the follow-up interview she noted: 

ASTRID (1-19-16): So I actually did a whole two weeks on going through claims and looking at 

claims and highlighting what which ones the claim. And where is your evidence, what’s your 

reasoning. So that they would have that down, and that’s all the stuff that I learned last year. So, 

that’s definitely been a move forward with the NGSS that wasn’t, and isn’t in these books either. 
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In this quote, Astrid is identifying the inclusion in her classroom of a particular dimension of 

scientific practice that is influenced by the NGSS, and one that is not currently in the curriculum 

she is using - making evidence-based claims.  This small step toward included scientific practice 

is also reflected in her small increase in P-SOP scores, and more specifically in the three-point 

increase of dimension three which addresses formulation of scientific explanations. 

Likewise in observing David’s classroom, it was observed that evidence and data analysis 

were increasingly prominent in the second year of observations.  In the follow-up interview he 

reported working to include this practice as well as engineering, another important component of 

the NGSS.  

DAVID (12-2-15): so, the biggest, I’d say the biggest thing is in the past I’ve made an attempt to 

connect students to the engineering piece of their learning, but not maybe give them a chance to 

practice that. And in two of the 19 lessons that we do give them a chance to do a little bit of that 

engineering style, you know work to the progression of what does an engineer go through in 

terms of the problem-solving to arrive at a conclusion, and then act on it. So, but just very small 

opportunities within the lessons that just, the just present themselves naturally as part of the 

lesson. So that’s been one change. Another change has been being a little bit more deliberate 

about how I ask them to write conclusions and how I ask them to talk about the evidence needed 

and discuss data with each other.  

 

In this quote, David is highlighting changes he has been making in his classroom practice in 

response to the NGSS.  He identifies larger scale changes such as adding additional lessons to 

units that address the engineering focus of the NGSS as well as smaller scale changes that he 

makes in the moment such being more deliberate in asking students to work with data to generate 

evidence for a claim.  Both the observed prominence of the inclusion of scientific practices 

regarding the use evidence, and the related increase in P-SOP score particularly in dimension 

two that addresses working with data provide further support of the types of responses seen in 

David’s classroom practice.  Additionally, the somewhat large increase in scores related to 
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dimension one (asking scientifically oriented questions) further support the claim of increasing 

inclusion of scientific practices in David’s classroom.  

Finally, other teachers reported making changes to their teaching practice that could be 

considered consistent with providing their students more authentic scientific experiences, a major 

goal of the NGSS.  Frances is one such teacher who describes these changes as: 

FRANCES (2-26-16): You have to look at your learners, and what they come in with. I feel like 

that’s a big part. We definitely look at the objectives of the science curriculum gives us and 

really try to make it more, I don’t know if you’d say user-friendly, or scientific as we can.  

 

Frances talks about using the provided curriculum, science kits in her case as she is an 

elementary school teachers, and adapting it both to her students learning needs and trying to 

make it as scientific as possible including the practices of science.  Frances also has a fairly large 

increase in P-SOP score, again particularly with respect to dimensions one (asking scientific 

questions) which further supports this claim of increasing scientific experiences for students.  It 

should be noted that Frances stops short of directly linking this goal to the NGSS in part because 

of limited opportunities to learn about the NGSS as will be further discussed. 

However, Emily is a teacher that both had large increase in P-SOP scores, and directly 

linked these changes more explicitly to the NGSS by characterizing the practice of science as the 

significant skills that she wanted to help her students develop.   

EMILY (12-17-15): Am I able to somehow help them get those skills out of this class? And just by 

putting, switching the focus to skills, and maybe not directly align with NGSS yet, but more 

thinking about how I want them to think, how I want them to conceptualize, how I want them to 

model, you know, be able to have those skills. I think that is more influencing what I’m doing. 

And the kids seem to be responding to it. 

 

She describes her current teaching practice as mainly focusing the aspects of scientific practice 

while leaving specific attendance to content alignment as still developing. This orientation is 
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reflected in both her overall increase in P-SOP score (a 19 point increase), as well as observed 

increases in four of the five dimensions of practice measured by the P-SOP. 

This set of results has surfaced ways in which teachers’ practice has changed by 

examining P-SOP scores of participant teachers over two years. All but one teacher had an 

increase in P-SOP scores, and for the remaining teachers the amount of increase ranged from 1 to 

19.  Interview data was also used to offer insight into the reasons participant teachers for noted 

changes in classroom practice.  Again, all but one teacher described changes in practice related 

to the NGSS either in terms of small modifications to the current curriculum, or by having a goal 

for their students to be able to have authentic scientific experiences that would help them be like 

scientists.  When paired with the previous sections results aimed at identifying key components 

of pertinent activity systems, a detailed characterization of the activity systems as well as the 

influence of the NGSS in these activity systems emerges.  However, in addition to analyzing data 

from a perspective of CHAT to identify relevant component parts of activity systems, CHAT, 

particularly third-generation CHAT, affords an examination of the ways multiple activity 

systems work in concert and offers potential explanatory power regarding the outcomes of these 

interactions.  I will now turn to the results related to these interactions and in response to the 

second research question. 

 

Mediation of activity across systems’ levels 

  

In this set of findings, interactions across systems’ levels are addressed as a means of answering 

the second research question which seeks to understand the way responses to the NGSS are 

mediated across systems levels.  A strength of a CHAT perspective is that it allows for particular 

instantiations of activity to be understood and connected to the broader contexts in which they 
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occur. For this particular study, the interactions of the three identified levels of activity systems 

(teacher, district, and state) can be coordinated as a means of understanding observed outcomes 

of the activity which in this case is the introduction of a new set of science standards and the 

ways in which teachers responded in terms of classroom practice to their introduction.  Figure 17 

represents the coordination of these multiple levels of activity systems to produce the particular 

outcomes that have been previously noted. In particular, mediation of activity across the multi-

system level is addressed with respect to tensions that exist in the system.  The first tension noted 

is the variability in the objects across systems levels.  The second tension is found at the multiple 

points of contact between systems levels relating specifically to the use of tools and the division 

of labor. 
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Figure 17: Coordination of activity across multiple activity systems 
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Tensions in objects across systems level 

 As previously noted, participant teachers identified a range of objects of their teaching 

with regard to the influence of the NGSS.  Objects include not being particularly influenced by 

the NGSS, to striving to teach the curriculum, to incorporating a vision of science teaching and 

learning deemed to be espoused by the NGSS.  These objects can be seen as having more and 

less overlap with identified objects in other levels of the activity system.  Figure 18 depicts a 

representation of the range of overlap in objects. While the state and district objects have a fair 

amount of overlap with each other with regards to the NGSS, there is much more variation in the 

way in which teachers’ object overlap with this other levels of activity systems. Further, while it 

is interesting to note that the range of teachers’ objects results in more and less overlap with 

other system’s objects, perhaps more importantly is the effect the amount of overlap seems to 

have on teachers’ classroom practice.  Christopher presents a teacher object that does not 

significantly overlap with the object of other systems levels as represented on the top of the 

spectrum.  As previously stated, Christopher does not feel his teaching practice is strongly 

influenced by the NGSS, but rather by disciplinary commitments to ensure his students have 

access to important science concepts. This lack of connection of objects is further accentuated by 

Christopher’s view of the standards as mainly existing in the form of curriculum maps that are 

used to demonstrate alignment of topics to the standards.  Christopher views this rule, and 

consequently the standards themselves as mostly unrelated to his actual classroom practice. 
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Figure 18: Range of overlap of objects across activity systems 
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CHRISTOPHER (Interview 2-19-16 ): But sometimes we get, “you have to create a curriculum 

map.” I mean those things are good for communication and so on, but sometimes they’re, but 

they don’t really impact your classroom teaching.”   

 

The positioning of the standards and related rules, i.e. curriculum maps, as unrelated to what 

occurs in the classroom creates a fairly strong tension between the object of activity related to the 

NGSS as articulated by other levels of the system.  A perhaps predictable outcome of this tension 

can be seen in the limited change in classroom practice of Christopher in response to the NGSS 

as documented both by classroom observation, P-SOP scores, and interview data. 

Other participant teachers, such as Astrid and David occupy a more middle position on 

the spectrum as they articulate objects of their teaching that share some overlap with the stated 

objects in other activity systems levels.  David and Astrid both identify a major object in their 

teaching as covering the curriculum, and while that object shares some overlap with objects 

specified by other levels of the activity system it does not completely overlap particularly the 

district level object of teachers developing a strong vision of teaching based on the standards 

themselves rather than relying solely on the curriculum.  David reiterates the importance of 

curriculum in guiding changes to his teaching practice with this statement: 

DAVID (Interview 12-2-15): The biggest transition is just really going to be when we do 

get a curriculum adoption, pocket of money, a fund, that we choose correctly.  

 

Given the stated importance of the curriculum and the fact that teachers are still using an older 

curriculum, some changes were noted in both Astrid and David’s classroom practice, as 

evidenced by classroom observation and small increases in P-SOP scores. While these changes 

demonstrate an influence of the NGSS, both teachers commitment to teaching the curriculum 

suggest that more substantial influences are likely with the adoption of an NGSS aligned 

curriculum. 
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Finally, Emily and to a certain extent Frances, articulate objects that share more 

significant overlap with stated objects in other activity systems levels as represented at the 

bottom end of the spectrum.  Both Emily and Frances articulate objects of their teaching related 

to a general vision of the NGSS that allows for student participation in scientific practice.  For 

reasons that will be discussed further below, Emily has a much more specific description of what 

this entails, and is more heavily influenced by the specific scientific practices articulated in the 

NGSS.  This orientation towards the standards as a vision of teaching and learning science shares 

a much stronger alignment of objects than previously discussed orientations.  Interestingly, both 

teachers with this object were found to have the most significant changes in classroom practices 

with respect to engaging students in the practices of science as evidenced with classroom 

observations, P-SOP scores, and interview data. Additionally, in thinking about the influence her 

view of the standards has on her teaching, Emily finds the NGSS strongly related to her 

classroom practice and a potential means of improvement in her teaching. 

EMILY (Interview 12-15-15): So, I do need to improve my practice all the time.  So these 

new sets of standards, I do need to learn them.  I do need to figure out what do they want you to 

know and do when you finish high school. So, that’s, you know, I am trying to get better at what 

I’m doing.    

 

In this quote, we see Emily’s continuing stance toward the standards as articulating what 

students should know and be able to do, and this object is both strongly aligned to the state and 

district object regarding the NGSS, and is influential to Emily in making changes to her 

classroom practice. 

This section explored one outcome of the interaction of multiple levels of the activity 

system as they respond to the NGSS. This set of findings highlight a range of ways in which 

teachers’ objects intersect with objects articulated at other levels of the system, and the 
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relationship that degree of overlap has with noted changes in classroom practices.  While, this set 

of findings foregrounds one tension in the system that impacted outcome, other tensions were 

noted as well.  The next set of findings explores a set of tensions that exist at points of contact 

between levels of the activity system.   

 

Tensions in points of contact across levels of activity systems 

As teachers navigated the potential change to their practice initiated by the state’s 

adoption and implementation of the NGSS, a CHAT framing allows for the surfacing of 

particular points of contact in which activity is mediated across levels of the system.  These 

points of contact can be understood as potential connections across systems levels that have the 

potential to either support or constrain object-oriented activity.  In this study, two components of 

the activity systems were found to be particularly influential points of contact, and tensions at 

these components across systems levels were found to impact the unfolding of the NGSS in 

WSD.  These two points of contact are tools and division of labor, and each of these will be 

discussed in turn. 

Tensions related to tools 

Tools serve as an important point of contact as they carry the potential to move within 

and across levels of the system and mediate object-oriented action.  In this activity system, the 

curriculum was identified as one of these tools that was an important point of contact.  At the 

district level curriculum was viewed as an important tool though in fact for some teachers there 

was a blending of their stance on curriculum to include it as an actual object of their 

teaching.  Regardless, it was clearly viewed as an important resource for mediated activity 

related to the NGSS.  However, this created tension in the system as curriculum aligned with the 
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NGSS was not available in this district, nor was the district able to acquire such as curriculum as 

it is still under development. Both Astrid and Georgia explicitly addressed this tension:   

ASTRID (Interview 1-17-16): They [the publishers] don’t have the whole kit and we’re not going 

to make the decision until we have the whole kit. 

 

GEORGIA (Interview 2-26-16): Or, even if they know how to decipher, read, interpret, and 

apply that document [NGSS] to their lessons, where do they get the materials to extend the 

current materials that they have so the standards can be addressed, achieved, assessed or 

anything? 

 

Both teachers, point to the tension created by not having tools, either published curriculum or 

materials that would extend the current curriculum to more strongly align with the NGSS.  This 

tension, in terms of lack of access to an important mediating tool, impacts the ways in which 

teachers in the district have access to resources related to the NGSS.  

 An additional tool that served as a point of contact in the system was district provided 

professional development (PD) opportunities for teachers to both learn about the standards as 

well as have experiences that would help them translate the standards in their particular 

classrooms.  While some PD was informally provided by the district in terms of collaboration 

time during early release days, the main district-sponsored NGSS PD was provided by the 

science coordinator at the Educational Service District (ESD).  While, as previously stated, 

attending teachers found this to be a valuable tool, access to this PD experience was not 

consistent throughout the district, and thus served as source of tension in the system. Responding 

to competing claims on teachers’ time spent out of the classroom in WSD, the middle school 

principal limited participation in the PD to one teacher per grade level as explained by Astrid: 

ASTRID (Interview 1-17-16): This year she [building principal] did limits, last year we were all 

able to go.  This year she said one person per grade level to go in and bring back and share, but, 

I really enjoyed going to those trainings so, I definitely wanted to push that I want to go. 
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Consequently, this limitation of participation explained in the above quote by Astrid led to a 

reduction in the use of this tool (field notes from attending PD sessions).  Further, while middle 

and high school teachers had access to this training, elementary teachers from the district were 

entirely absent at these sessions (field notes).  Georgia and Frances (field notes and Interview, 2-

26-16, line 196), both elementary school teachers, reported being unaware of the training and not 

having received any information related to the trainings from WSD or the ESD. 

 A final tool that was surfaced in the system and identified as a source of tension was the 

state mandated science tests.  Consistent with many states, the state in which WSD resides 

mandates accountability exams including the content area of science.  However, there has been 

some confusion regarding the specifics of these tests, their content, and what the consequences of 

test scores should be.  Christopher expressed general frustration with this component of the 

activity system.    

CHRISTOPHER: I have no idea, I mean I do know what we’re doing for tests, but actually I 

don’t know.  Because every time what we said we’re to make this test a graduation requirement, 

we have changed.  So I don’t really know what students are ever going to be accountable for 

what they’re going to be accountable for… There just hasn’t been any kind of consistency with 

expectations and assessment. 

 

This lack of consistency that Christopher describes is further evidenced in the transition plan that 

requires districts to be fully implementing the NGSS by academic year 2015-2016, but does not 

develop assessments for these standards for at least one more year.  Therefore, while teachers are 

supposed to be engaging in science teaching as described in the NGSS, their students are still 

responsible for the content and concepts addressed in the state’s previous standards.  David 

addresses this tension in his comments:  

DAVID (Interview 12-2-15): I think just having that, getting a chance to really finally have a 

chance to have the state take their thumb off, and say you know [previous standards] are gone, 

and focus 100% on NGSS. We’ll develop a test around it.  We’ll use it.  We’ll put money behind 
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it.  Go 100% with it, instead of trying to run under these two systems.  I think that once that 

happens and they officially, they have officially adopted, but we’re still being tested on the 

[previous standards].  So that’s been, we’re kind of, we’re in that weird catch-22.  So, we’re 

getting directions to teach specifically in NGSS, but we’re also getting directions to teach to the 

test they’re still gonna take for science. So, it’s just very odd. Of course on paper it all makes 

sense, but in the actual classroom? 

 

In this quote David clearly addresses the tension that created by misalignments of important 

components of the systems such as assessments. While assessments are a potentially powerful 

point of contact between systems levels, and one in which that state activity system has 

significant potential for influence, a significant tension exists as they do not currently align with 

another key point of influence, the standards. The tension between the assessments for which 

teachers are held accountable and the implementation of NGSS creates a confusing situation 

where students are being tested on one set of standards, but teachers are directed to align their 

teaching to a different set which impacts the extent to which they make changes to their 

classroom practice. 

Tensions related to division of labor 

A final tension that was surfaced in this study relates to the division of labor or roles 

across levels of the system.  Teachers, particularly at the elementary and middle schools indicate 

some ambiguity around the division of labor or role assignments in response to NGSS.  While 

across the system it was recognized that responding to the implementation of the NGSS required 

work, there was less clarity regarding the distribution of the work load. David, describes the lack 

of a science coordinator or a particular person in charge of managing the change as limiting in 

the timeliness of the district response.   

DAVID (Interview 12-2-15): We just don’t have, the biggest reason for the lag is we just don’t 

have a dedicated curriculum director for science…...The reason that there is a lag typically, or 

that it’s a slow process here in the district, you know, you go to other districts and they have a 

curriculum director or TOSA, teachers on special assignment, specifically for that content 

area.  So, it’s not just thrown on the teachers.  They ask us to do this, these curriculum adoptions 
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or changes as part of our job.  It is within our team. It’s just not something that we have 

somebody driving the process. 

 

David highlights the tension in the system in that teachers are asked to take on the role of 

curriculum evaluator and adopter while continuing their work as a teacher which limits the ways 

in which they can attend to the new standards. Georgia expands on this idea with the concern that 

there isn’t anyone who really leads science instruction within the district and across all the 

grades.  She in fact, wonders at times if she is supposed to be doing something with the NGSS, 

but has not received this role nor does she feel prepared to take it on. 

GEORGIA (Interview 2-26-16 : Maybe I’m supposed to be taking point as the science 

coordinator?  But that hasn’t been….If I’m supposed to be training people on something that 

hasn’t been made clear.  Nor has it been implied.  I don’t feel that I would be ready to train 

anybody on anything…..So I don’t feel as science coordinator that I’ve been given that job or 

duty. 

 

Georgia recognizes the need for leadership in terms of helping prepare teachers to work with the 

new standards, but expresses some uncertainty regarding her role as WSD’s elementary science 

kit coordinator as she feels neither prepared to nor instructed to take on this work.  Finally, 

district administrator, Henry, also notes the lack of the district’s specific attention and role 

assignments when it comes to NGSS.   

HENRY (Interview 2-10-16): We haven’t done that.  I mean I kind of left that up to the science 

department especially at the high school.  But, we definitely need to do, I mean there’s kind of 

this calm after the storm. ...And then we kind of, the NGSS we know they’re there, we’re not 

really sure when they need to be implemented and when the test is coming.   Where are we at 

with that? It’s kind of like we’re taking a deep breath, but I know that is something that needs to 

be addressed. 

  

This quote again points to the lack of specificity regarding roles within WSD in regards to the 

implementation of the NGSS.  Schools in WSD such as the middle and high school that have a 

science department have been somewhat implicitly tasked with this work and while this 
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approach may be functional at the middle and high school level Georgia notes the challenges 

found at the elementary level. 

GEORGIA (2-26-10): We don’t have a science committee or anything.  I imagine it’s happening 

more at the middle and high school level because they have time to work as a department, and 

that would be a focus for them. But at the elementary level we have seven departments in one 

classroom so that doesn’t work quite as well. 

 

Georgia’s comment highlights that while the science department model works for middle and 

high school it does not address the needs of the elementary schools and the multi-disciplinary 

work for which these teachers are responsible.  The ambiguity in roles and lack of a dedicated 

person to manage necessary changes impedes the outcome of the activity in that there is no 

reliable mechanism for flow of information across levels of the system.  By not attending to this 

role, teachers are left to negotiate this work with more and less success.  

 

Discussion 

 

This study was an investigation into an innovative set of science standards, particularly 

the ways that teachers responded to the standards and in what the ways their response was 

mediated by the multiple system levels with which teachers interact.  In this section, I will 

discuss the findings presented in the previous section in light of the research questions that 

guided this study which were:  1. What systemic components influence science teaching in a K-

12 school district that has officially adopted the Next Generation Science Standards as policy? 

2. How are teacher responses to the adoption of the Next Generation Science Standards mediated 

across systems levels?   
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Identification of systems components 

  

In addressing the first research question, activity systems at three levels were identified as 

influential to the ways in which teachers in WSD responded to the NGSS.  These identified 

activity systems include teachers, the district, and the state.  A particular affordance of CHAT is 

its ability to identify and construct relationships among components of activity systems.  In 

identifying components of these activity systems, a number of features of the education system 

were surfaced such as curriculum, assessments, curriculum maps, professional development 

experiences, teacher communities, etc.  The fact that these very common elements of the modern 

day education system exist, and are influential in activity related to teaching should in no way be 

surprising.  However, when viewed through a lens of CHAT, the findings that identify systems 

components can be helpful in illuminating the role that these components play in the system 

which begins to offer potential understanding of what ways they are influential toward the 

intended goal or object of the activity.   

 Of particular interest in this study were components that appeared influential in multiple 

activity systems but that played different roles.  Examples of components playing multiple roles 

across the system levels include the curriculum and curriculum maps.  For some teachers in 

WSD teaching the curriculum was identified as a main object of their teaching where the district 

and state viewed curriculum as an important tool, but not a goal in and of itself.  Likewise, the 

district identified curriculum maps as an important tool that strongly influences the goal of 

aligning teaching to the standards.  However, teachers at WSD described the curriculum maps as 

a rule to be followed.  They felt that they were required to fill out the maps to satisfy district 
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requirements, but that they served no role in influencing their instructional decisions other than 

communicating what it was they were teaching and when.   

While components of an activity system playing multiple roles at different levels of the 

system is not inherently problematic, when these differing roles assigned to the same component 

remain unaddressed potential miscommunications that affect the activity outcome may 

exists.  Indeed, from the findings presented above this seems to have occurred in the 

WSD.  Lacking clarity around the role of curriculum as related to teaching the NGSS, curtailed 

teachers response to changing classroom practice such as David and Astrid who made small 

changes to their practice in response to the NGSS such as adding an emphasis on evidence, 

ultimately it was a change in curriculum that they felt would most significantly impact their 

teaching.  Likewise, the lack of clarity around the curriculum map impacted Christopher’s 

response to the standard. Viewing the curriculum map that the district assumed to be a tool as a 

rule, seemed to influence Christopher’s downplaying of the importance of standards in teaching, 

so that as long as the rule was being met in terms of curriculum mapping he considered his 

teaching consistent with district expectations. 

Important to teachers in WSD and their work related to the NGSS were at least three 

levels of the education system: the level of classroom teacher, the district, and the state. Using a 

framing of CHAT components of these levels of systems including tools, division of labor, rules, 

community, and objects were described in relation to the ways they potentially enabled or 

confined teachers’ practice.  While identification of these influential levels of the education 

system and their component parts allows for a more contextual understanding of participant 

teachers’ classroom practices as well as some insight into the way they mediate teachers’ 
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response to the NGSS, interactions among the levels must also be addressed to provide a more 

full accounting of their influence on teachers’ practice. 

Coordination across systems levels 

  

As described in the preceding section, multiple levels of the education system were found 

to be influential in participant teachers’ classroom practice in regards to the NGSS were 

documented.  In addition to merely documenting their existence as a means of recognizing the 

context in which teachers practice, this study’s findings also speaks to the ways in which 

activities were coordinated across the levels of the system and the resultant outcomes for 

teachers in WSD.  Two main tensions were noted and will be further discussed: misalignment of 

objects across levels of the system and some weaknesses at potential points of contact among the 

levels of the system. 

Alignment of goals 

Particular to the participants in this study a range of objects, or goals, with regards to the 

NGSS were articulated.  These goals ranged from a maintaining of status quo teaching with a 

mapping of the NGSS onto current practices, to a commitment to teach NGSS aligned 

curriculum once available, to a desire to adopt a vision of teaching and learning put forth by the 

NGSS. As state level goals were articulated in terms of the full implementation and alignment of 

teaching to the NGSS and the district supported this goal, participant teachers goals had more or 

less overlap with the goal found at these other levels.  In cases where the overlap in goals was 

larger changes in teachers’ classroom practice noted, and where there was less overlap there was 

less noted change in classroom practice.  These finding demonstrates that this tension with 

regard to object very much mediated teachers’ response to the NGSS. When no overlap in goals 

existed, this tension created a struggle to maintain current teaching practice, but created the 
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perceived burden of filling out more paperwork to demonstrate alignment to levels of the system 

such as the district and state.  Additionally, this tension created confusion for teachers regarding 

how to change classroom practice without access to a curriculum that would map more directly 

to the NGSS.    

Given that engagement in joint activity is not sufficient to guarantee development of joint 

goals regarding the activity (Yamagata-Lynch, 2009), this study points to the significance in 

developing mutually agreed upon objects with regard to joint activities across levels of 

systems.  This finding supports Roth and Lee’s (2007) assertion that: 

When stakeholders themselves have opportunities to participate in determining 

their teaching and learning settings, it permits greater control over aspects of their 

life conditions and the expansion of action possibilities in personally relevant 

ways. In a nutshell, it would stimulate a greater congruence between individual 

and collective motives, resulting more often than not in win-win situations (p. 

217). 

 

Roth and Lee (2007) describe a “win-win” situation that results from a mutual negotiation of 

determining important aspects of teaching and learning that allow for a stronger alignment of 

individual and systemic goals. Specifically, findings from this study point to the importance of 

aligning objects across levels of the system, and allowing for opportunities of negotiating these 

at the outset of engaging in joint activity such as the adopting of new standards. 

 

Points of contact across systems’ levels 

The findings from this study also illustrate the need to attend to points of contact and 

potential points of contact among levels of the system.  Points of contact that were influenced by 

tensions across systems levels in this study included access to community, appropriate tools, and 

the division of labor.  Turning first to tension among access to community, participants in this 

study did not have equal access to participation in professional development opportunities with 
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other teachers related to learning about the NGSS.  These limitations arose either from lack of 

communication throughout the system, or by limited opportunities to attend based on restrictions 

imposed by administrators.  Halverson (2003) describes the importance of participation in local 

networks of teacher to develop “systems of practice” that support teacher professional learning.   

A second of point of contact that was mediated by tensions within the system is the 

access to appropriate tools that would support teaching aligned with the NGSS.  Trygstad, Smith, 

Banilower, & Nelson (2013) argue that, “Teachers cannot be expected to successfully implement 

the NGSS without the resources to carry out instructional activities that provide students with 

opportunities to use the scientific practices in the standards” (p. 23).  This quote demonstrates the 

importance of resources in mediating teachers’ practice, and in WSD, as is common (Rogan & 

Grayson, 2003), curriculum is seen as a primary tool or resource.  In WSD the district 

superintendent discussed curriculum and other material resources as a main tool mediating 

teachers’ classroom practice with regards to the new standards.  Likewise, multiple participant 

teachers, focused on the importance of the upcoming curriculum adoption for primarily 

influencing the way their teaching may change in response to the NGSS. However, given the 

lack of commercially available NGSS aligned curricular materials equivalent to the science kits 

and textbooks that teachers currently use to guide their classroom practice, teachers are left 

severely under-resourced when it comes to the new standards.  This tension among systems level 

created a sense of waiting among participant teachers which is not inherently problematic, 

however, it is in tension with the state’s implementation plan which expects full alignment to the 

NGSS to be achieved during this current school year.  Further, Pruitt (2014) warns that “there is 

a potential danger to an extended implementation timeline.  That danger is that momentum or the 

sense of urgency will be lost” (p. 155).  Therefore, lack of available appropriate resources creates 
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a de facto extended timeline that is both in tension with the state level vision for implementation, 

and creates the potential for problematic response to the NGSS via loss of momentum.    

This tension found across systems level with regards to tools is compounded when 

considering the role of state mandated assessments.  The lack of NGSS aligned state-mandated 

assessments creates not only a sense of waiting by teachers to respond to the NGSS, but a 

significant lack of clarity regarding what is expected in the science classroom.  While the state 

has a carefully articulated implementation plan that calls for full alignment with all dimensions 

of the NGSS by the end of the academic year, students are still required to take state-mandated 

tests based on the content of the previous science standards with districts being held accountable 

for student outcomes on these tests. Taken together, these tensions across systems levels create a 

situation where teachers lack important resources to develop teaching practices responsive to the 

NGSS, and further have incentive not to significantly change their practice for fear of 

disadvantaging their students on the state assessments.  

 A final tension in coordination across levels of the system that was influential in teachers’ 

response to the NGSS was the distribution of labor or the roles of various participants in the 

district.  A strong theme that emerged in WSD was the lack of clear understanding of who was 

responsible for what with regards to the NGSS.  This was seen as the elementary science kit 

coordinator, Georgia, questioned whether she was somehow supposed to be working with 

teachers regarding the NGSS, and in comments from teachers about the lack of a dedicated 

science curriculum coordinator, director or instructional coach.  Viewed another way, what WSD 

appears to lack is brokers or boundary crossers (Wenger, 1998) that would be able to move 

throughout levels of the system. Swinnerton (2007) explores the way that instructional coaches 

can operate between the district and teachers, and the key role they play helping negotiate 
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changes across systems levels.  This aligns with Pruitt’s (2014) recommendation of designation a 

“point-person” (p. 155) to take the lead with planning regarding the NGSS as well as negotiating 

the distribution of the workload throughout the district.  Without such a person to act as broker or 

boundary crosser, teachers are left either unclear about their role in work related to the NGSS or 

unable to devote much time to this new component of the system due to their current work 

requirements. 

 

Conclusion and implications 

 

The development, widespread adoption, and ongoing implementation of the NGSS 

represents an exciting opportunity to more equitably provide experiences for students engage in 

the authentic practices of science.  Developing teaching practices that embrace this ambitious 

orientation toward science teaching and learning will require a significant shift of instructional 

practices for many teachers. This study provides a “slice of life” (Merriam, 1998) description as 

teachers in one school district in an NGSS early-adopting state begin the process of this complex 

and challenging work.  This research sought to document and describe the unfolding of the 

NGSS in one particular district, and explore the ways in which the complex work of negotiating 

the implementation of the new standards by teachers is mediated across levels of systems while 

simultaneously avoiding some limitations of previous research approaches to studying 

implementation.  While it may be expedient to attempt to directly connect a new education 

policy to a change or lack thereof in classroom practice, such an approach will likely encounter 

challenges already noted with first- and second- wave perspectives of implementation.  Namely, 

such an approach fails to account for the complexity of context in which the work of attending to 

new policies, such as the NGSS, occurs.  Without such a perspective that accounts for context, 
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undue focus is placed on the particulars of individual implementers, teachers in this case, and the 

fidelity with which they achieve implementation.  Further, variation in implementation is linked 

to, at worst, a lack of capacity and will on the part of teachers, and at best the exercising by 

teachers of some component of professional judgement that counters intended effects of the new 

standards.   

Rather, than maintain this somewhat singular focus on the teacher as sole implementer, 

this study provides a perspective, more aligned with third-wave implementation perspectives, 

that illustrates both the specific influential components of the contexts in which teachers operate 

and the multiplicity of systems to which teachers must be responsive.  Further, by intentionally 

attending to the broader contexts in which teachers in WSD were negotiating the relationship 

between their classroom practices with regards to including scientific practices, this study 

addresses a common challenge described by Spillane and Burch (2006): 

The challenge, then, is to develop an understanding of what people do, 

how they do, why they do it, while simultaneously attending to the 

institutional structures at various levels of the system that enable and 

constrain that activity. The challenge here is that scholars working in 

education often confined their work to one level of the system.  For 

example, research on teaching practice, often treats teachers’ development 

of their instructional practices as occurring in an institutional vacuum, 

ignoring or treating lightly the broader school and school systems contexts 

(p. 97). 

 

This quote highlights the difficulty in simultaneously paying careful attention to teacher practice 

and avoiding reducing this focus to an overly myopic view, and that much of education research 

does not attempt to address this tension.  The findings from this study demonstrate a way that 

this tension can be potentially be negotiated.  While a focus of this study was on teachers’ 

classroom practice particularly regarding the inclusion of scientific practices and the ways this 
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might have been influenced by the NGSS, an equally important focus was surfacing the multiple 

levels of systems that influenced practice.  

This work may be of interest to those supporting teacher learning related to the 

NGSS.  This study points to the need to situate teacher practice in the context in which this 

practice actually occurs.  While a close focus on components of teacher practice is surely 

necessary, if this focus comes at the exclusion of awareness of greater systemic and contextual 

concerns it is less likely to be effective. Further, this study suggests that teacher learning related 

to the NGSS, and in general, is more likely to be impactful if care is taken to attend to the 

establishment of mutual goals regarding the implementation of the NGSS.     

Additionally, the results from this study may be of interest to policymakers and district 

level administrators as they work to implement the NGSS.  This study identifies key points of 

contact which if attended to could be leveraged to provide a more effective transition.  In 

particular, tools and resources need to be made available in a timely manner so that there is not a 

significant lag between opportunities for teacher learning through professional development and 

the availability of resources to support this endeavor.  This study also points to the importance of 

alignment among important components of the system.  In designing implementation timelines, 

administrators may want to avoid components of the system that actively work against other 

goals such as assessments of student learning that are not aligned with the adopted standards.  A 

final point that may be of interest for administrators, is the importance of attending to the 

distribution of work throughout the system and the probable need for designated roles that can 

move between systems level and facilitate the flow of information across the system. 

Finally, this study may be of interest to scholars interested in frameworks for 

understanding policy implementation that consider both the influence of the policy both at the 
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site of instruction and the larger systems that interact with the classroom.  This study both 

demonstrates the potential usefulness of a CHAT perspective in achieving this aim as well as 

providing an example of the types of findings that can be surfaced.    
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Conclusion 

  

The Next Generation Science Standards (NGSS) are an innovative set of K-12 science 

standards that seek to influence science teaching and learning in the states in which they are 

adopted.  Major themes present in the standards include the intertwining of learning and doing 

science, addressing connections across scientific disciplines, developing coherent learning 

progressions across the K-12 spectrum, integrating engineering, emphasizing equitable access to 

science for all students, and coordinating science standards with the Common Core State 

Standards for English Language Arts and Mathematics (Bybee, 2014; Pratt, 2013). However, the 

mere existence of learning standards, no matter how well-constructed, does not 

unproblematically influence science teaching and learning at the site of instruction: the 

classroom.  This dissertation sought to provide an initial exploration into the ways in which the 

NGSS influence teachers’ classroom practice. Across the dissertation (also referred to as the 

study), two manuscripts were used to explore the influence of the NGSS from different, but 

related perspectives. The first manuscript provided a close look at teacher classroom practice and 

illuminated aspects of practice related to the NGSS, while the second manuscript provided a 

broader view of the multi-faceted contexts to which teachers were responsive, and the ways these 

contexts mediated classroom practice.  More specifically the following research questions guided 

this exploratory study and were addressed in the two manuscripts: 

 

1. What patterns of teachers’ engagement of students in scientific practices aligned 

with the Next Generation Science Standards in the classroom are observed in a K-

12 school district that has adopted the Next Generation Science Standards? 
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2. What activities do teachers in the science classroom use to engage students in 

Next Generation Science Standards-aligned scientific practices? 

3. What systemic components influenced science teaching in a K-12 school district 

that has officially adopted the Next Generation Science Standards as policy? 

4. How are teacher responses to the adoption of the Next Generation Science 

Standards mediated across levels of the education system?  

 

Taken as a whole this dissertation addresses teachers’ response to a set of reform-oriented 

science standards within a district that had adopted the NGSS, and thus speaks to the broader 

question of how these new standards may influence classroom practice.  Taken separately, each 

manuscript illuminates a unique aspect of this story which will be reviewed briefly below.    

 

Summary of findings 

 

Manuscript 1 

 

The focus of this manuscript is characterizing teachers’ classroom practice with regard to 

inclusion of the scientific practices described in the NGSS using a framework of practice 

theory.  The results include trends regarding the way teachers include scientific practices in their 

classroom, as well as the activity structures that they use to provide students with opportunities 

to experience scientific practices. These trends were surfaced using the Practices of Science 

Observation Protocol (P-SOP) that scores teachers’ engagement of students in five dimensions of 

scientific practice. Overall, teachers’ inclusion of the dimensions of scientific practice in their 

classroom was somewhat limited as evidenced by the P-SOP scores of all participant teachers in 

both years remaining below 50% of the maximum potential score.  However, a more in-depth 
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analysis of these scores and the ways they changed over time yielded further interesting 

findings.  Dimensions of science that were more frequently observed in teachers’ classroom 

practice were working with evidence related to phenomenon, asking scientific questions, and 

generating evidence-based explanations, while dimensions of scientific practice including 

evaluating explanations and communicating and justifying explanations occurred less frequently. 

In comparing year one and two of classroom observation, while the same three dimensions of 

scientific practice remained the most frequently occurring dimensions, an increase in the 

dimensions of practice related to asking scientifically oriented questions and generating 

evidence-based explanations was found.  Collectively, this set of findings address the first 

research question by characterizing the ways in which teachers include scientific practices in the 

classroom.  

To address the second research question, additional components of classroom practice 

that may influence the ways in which teachers provide opportunities for their students to 

experience scientific practice were investigated in terms of types of classroom activities that 

were leveraged by teachers.  A wide range of activity structures were used by participant 

teachers when including scientific practices in their classrooms.  These activity structures 

included warm-up, table-talk, whole class discussion, share out sessions, content interjection, and 

gallery walks.  The most common activity structures employed during inclusion of scientific 

practice were table talk and whole class discussion.  Further, this study found a relationship 

between the dimension of scientific practice included and activity structures used.  In particular, 

the activity structure of table talk was leveraged by participant teachers to include multiple 

dimensions of scientific practice including particularly work related to asking scientific questions 

and working with evidence.  Interestingly, dimensions of practice that were underrepresented in 
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the classroom such as communicating and justifying were found to co-exist with less-frequently 

used activity structures, namely gallery walks. Collectively, this set of findings provides insight 

into the type of classroom routines teachers leverage when engaging students in dimensions of 

scientific practice. 

From a perspective of practice theory, an understanding of teachers’ classroom practice is 

helpful as a means of investigating the ways in which the NGSS might interact with classroom 

practice. Practice theory recognizes the importance of routines as a means of negotiating work 

demands (Gram-Hanssen, 2010).  This theoretical tendency is further underscored by Spillane’s 

(2000) finding of the tendency of teachers to gravitate toward familiar practices when 

negotiating changes to classroom practice. Understanding routines that teachers use in their 

classroom practice as they negotiate the changes called for by the NGSS allows for the 

identification of connections between current classroom practice and those required to provide 

a  the more full inclusion of scientific practices as envisioned by the NGSS. Taken as a whole, 

this manuscript makes a contribution toward providing a description of the ways in which 

teachers include scientific practices in their classroom in relation to the NGSS as well as offering 

insight into potential connections that can be leveraged to facilitate stronger alignment of 

classroom practice with the NGSS.   

Manuscript 2 

 

The second manuscript addresses the remaining two research questions by 

identifying systemic components that were influential with regard to teachers’ response to the 

NGSS, and the ways in which teachers’ response to the standards were mediated across multiple 

levels of the education system.  Using qualitative research methods influenced by ethnographic 
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approaches, and a cultural historical activity theory (CHAT) framing, component parts of activity 

systems were identified that influenced teachers’ work related to the NGSS. Further analysis 

from a CHAT perspective was then used to locate tensions among the activity systems levels that 

mediated outcomes as teachers’ negotiated the NGSS and its potential influence on their 

classroom practice. These key findings are reviewed below. 

Three levels of activity systems were found to be influential with respect to teachers’ 

response to the NGSS.  These activity systems include teachers, the district, and the 

state.  Further, consistent with a CHAT perspective for each of these activity systems an object 

or goal relating to engagement in the activity was identified as well as tools that mediated 

subjects’ enactment of these objects.  Additionally, the rules, community, and division of labor 

within each activity system was identified as it related to the NGSS.  While this analysis yielded 

some common elements of education systems such as curriculum, assessments, professional 

development these entities were not necessarily assigned the same role in each activity 

system.  In particular, curriculum and curricular maps played multiple roles across activity 

systems which influenced the ways in which teachers responded to the NGSS with respect to 

their classroom practice. 

While identification of these influential levels of the education system and their 

component parts allows for a more contextual understanding of participant teachers’ classroom 

practices, interactions among the levels was also addressed to provide a more detailed accounting 

of systemic mediation of teachers’ practice.  Two main interactions across activity systems were 

found to be of particular consequence to teachers’ response to the NGSS.  These interactions 

include varying alignments of goals or objects and the importance of points of contact among the 

activity systems.  Teachers stated a variety of objects or goals for their teaching with relation to 
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the NGSS.  Depending on the nature of the object, some of these objects had more overlap with 

the state and district level overlap while other objects had less.  Teachers with objects that shared 

more overlap with the district and state objects had more significant changes to their classroom 

practice in response to the NGSS than those teachers with less of an overlapping 

object.  Alignment of objects across activity systems is one factor that was found to mediate 

teachers’ response to the NGSS.   

Additionally, points of contact between activity systems were also found to play a 

mediating role in teachers’ response to the NGSS. One point of contact that was influential 

across activity systems were certain tools, and the ways in which these tools specifically were or 

were not responsive to the NGSS.  For instance, while curriculum was identified as important 

component of all activity systems, teachers had no access to curricular materials that were 

aligned to the NGSS which impacted the types of changes they made to classroom practice.  An 

additional tool that was a source of tension in the system was the state-mandated science 

assessments that were also not aligned to the NGSS.  A final point of contact across activity 

systems relates to the division of labor and the resulting ambiguity of roles related to responding 

to the NGSS.  This ambiguity of roles and lack of a clear division of labor with respect to work 

related to the NGSS further mediated teachers’ responses to the standards. 

Findings from the second manuscript address the research questions focused on 

understanding the systems in which teachers function, and the ways in which these systems 

mediate teachers’ response to the NGSS.  This manuscript, therefore, illuminates some of the 

complexity of the education system as standards move from existing as a document to potentially 

existing as classroom practice.  This manuscript helps identify components of education systems 

that are influential in the ways teachers’ respond to the NGSS. In addition to surfacing 
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component features of activity systems, sources of tension among activity systems as they 

engage in mutual action toward implementing the NGSS are also highlighted, and the ways in 

which these tensions also mediate teachers’ response to the standards. By understanding activity 

system components and interactions, it is possible to more fully explain teachers’ response to the 

NGSS. 

Coordination of findings across manuscripts 

 

While findings from each manuscript illuminate particular aspects of the phenomenon 

investigated, it is also worth looking at the findings in light of the study as a whole.  In Roth and 

Lee’s (2007) argument for CHAT perspectives playing an increased role in education research, 

they offer the analogy of a rope made of intertwining strands of thread that are themselves 

composed of bits of fiber. In considering the same bit of rope which can be described by 

component parts, it is also worth recognizing that the component parts function as they do 

because they are part of the larger structure.  In other words, the individual fibers of the strands 

take their configuration due to the presence of the strands which likewise take their configuration 

due to the presence of the rope. Roth and Lee (2007) argue, “In the particular contexts that a 

dialectical orientation attempts to explain, therefore, the specific function of individual 

components cannot be understood decoupled from the function of other parts and the function of 

the whole” (p. 196).   In other words, a dialectical orientation recognizes that while the function 

of individual parts can be understood, it is only by considering the relationship of the function of 

the part to the whole system that a full explanation can be achieved.  A dialectical orientation can 

be helpful for coordinating findings across the two manuscripts that comprise this study.   
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The rope analogy and the way it describes a dialectical orientation can be applied to the 

findings from each manuscript to further understand the claims this study makes about teachers’ 

classroom practice in response to the NGSS, and it ways in which this response is systemically 

mediated. On the one hand, this study can be seen as focused on smaller-grain moments of 

classroom practice, both in terms of characterizing this practice and trying to provide an 

explanatory account for the patterns in practice.  However, on the other hand, this study can also 

be as a systems level study that attempts to characterize large-grain size implementation of 

science standards in a school district implementing the NGSS.   Rather, by adopting a dialectical 

stance, it is possible to hold both foci of the study, both the smaller-grained claims about 

classroom practice and the larger-grained sized claims about systems, simultaneously and in 

tension with one another in order to more fully explicate and understand the interactions between 

the two. This study taken as a whole is illustrative of the types of claims and knowledge that can 

be warranted when attending closely to the dialectical relationships between moments of 

classroom practice while simultaneously attending to the systems that support and constrain that 

practice. 

 

Conclusion 

 

Implications for research and practice 

 

This dissertation, with both its “zoomed-in” focus on teachers’ classroom practice and its 

“zoomed-out” focus on the systems in which the teachers practice, draws on and therefore speaks 

back to multiple lines of education research, and may be of interest to researchers with a variety 

of perspectives.  The first manuscript offers a description of teachers’ classroom practice as it 
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relates to the ways in which they provide opportunities for their students to experience scientific 

practices.  Given the focus on opportunities for students to experience scientific practice, this 

piece contributes to our understanding of the ways scientific practice can be experienced in the 

classroom. For instance, this study uncovered uneven experiences for students across the range 

of scientific practices endorsed by the NGSS which would impact the ways in which students 

come to know and understand scientific practice.  In particular, scientific practices that allow 

students to take on the role of “critiqor” (Ford & Fordham, 2006) of explanation remain largely 

absent, which has implications for the ways in which students come to know what science is and 

how science is done.   

Further, this work is potentially useful to teacher educators as they work with teachers to 

understand and respond to the vision of teaching and learning set forth by the NGSS and the 

significant changes to classroom practice it necessitates.  Findings from this study help highlight 

connection points between teachers’ current practices regarding including scientific practice and 

additional teaching practices that may need to be enacted.  Ball and Cohen (1999) argue that 

teacher learning should leverage “strategic documentation of practice” in order to facilitate 

teacher learning.  The findings regarding the characterization of scientific practice in teachers’ 

classroom could serve as a useful starting place to leverage teacher learning that is rooted in 

practice.  Additionally, Ball and Cohen (1999) argue for a tight connection between classroom 

practice and professional development to ensure that pertinent problems of practice are 

addressed.  This further supports the finding that “What teachers were able to do in their 

classrooms was a function of how closely coupled the PD experience was with their classroom 

experience and how their classroom experiences were treated within the context of PD” (Kazemi 

& Hubbard, 2008, p. 435).  This quote argues for professional teacher learning opportunities that 
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are rooted in teachers’ classroom practice. This study and its emphasis on describing teachers’ 

classroom practice with regards to inclusion of scientific practice provides valuable information 

for informing professional development opportunities that are likely to contribute to significant 

opportunities for teacher learning. 

Finally, this dissertation contributes to the broader field of educational policy 

implementation. This would be of particular interest to scholars that orient toward a perspective 

on implementation that seeks to understand the contextual complexity, move beyond a 

framework of fidelity, and avoid top-down unidirectional explanations (i.e., third-wave 

implementation research). Multiple frameworks have been leveraged to understand 

implementation from this third-wave perspective including Coburn and Stein’s (2006) use of 

communities of practice and Spillane, Reiser, and Gomez’s (2006) use of distributed cognition. 

However, despite CHAT’s strong potential to address Honig’s (2006) vision that implementation 

research should “reveal the policies, people, and places that shape how implementation unfolds 

and provide robust, grounded explanations for how interactions among them help explain 

implementation outcomes” (p. 2), it is remains underutilized in implementation literature.  While 

there are some examples of the use of CHAT to understand implementation particularly from 

technology education such as Romeo & Walker’s (2002) study of an elementary school 

implementing a new technology program and Bracewell, Sicilia, Park, & Tung’s (2007) of the 

implementation of information and communication technology, this study provides further 

demonstration of the usefulness of a CHAT for providing a systemic perspective in 

understanding the implementation process in a way that both captures.  
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Limitations of overall study 

 

In addressing the limitations of this study, two broad categories of limitations are 

relevant: those that arise from the theoretical framing of the study and those that arise 

methodological choices that were made in order to conduct the study.  The framing of any study 

limits aspects of the phenomenon that are investigated and constrains the nature and type of 

claims that can be made.  By conducting this study from a perspective of practice theory 

and CHAT, much about the individual teachers with regards to their cognition and motivation 

regarding the new standards, remains unsurfaced. By focusing on very much on outwardly 

embodied constructs such as practice and activity, there is much regarding more individual and 

inward attributes that remains obscured. Critics of perspectives such as CHAT and practice 

theory, such as Toomela (2000), recognize this limitation in their argument that “externally 

similar activities may be supported by structurally qualitatively different mental operations.  The 

analysis of activity alone cannot tell us, for example, why and how a person is engaged in some 

specific sort of activity” (p. 357). In this quote the author argues the observation of outward 

actions does not give information regarding how or why the individual actor engaged in these 

particular actions. This argument points to a fundamental limitation of practice and activity 

oriented perspectives in that they do not allow for claims regarding aspects of the individual, 

such as their cognition and motivation, and this study does not make such claims.     

Additionally, methodological choices made during this study limit claims that can be 

made.  One methodological limitation is the sample size included in this study.  As this study 

addresses one school district and draws on the classroom practice of six participant teachers, 

claims of generalization and representation remain inappropriate for this study. Rather, this study 
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describes patterns of classroom practice and attempts to provide a reliable and trustworthy 

account of these patterns as well as positing a potential explanatory account of ways in which 

teachers classroom practice was influenced by the NGSS.   

In critiquing this account a further issue that should be addressed is the completeness of 

the data collected that would address my research questions. Potential limiting factors include the 

fact that teachers invited me to observe particular days in their classroom which influences the 

aspects of classroom practice to which I had access.  Their awareness of my research into the 

NGSS may have potentially influenced their decision making regarding when they invited me to 

observe. This creates the potential that the classroom sessions I observed over-represented the 

ways in which teachers’ classroom practices was influenced by the NGSS.  In order to minimize 

this possibility, I triangulated classroom observations with interview data in which teachers 

characterized changes in classroom practice. Also, a final important limitation of my 

methodology is that while I was interested in the influence of the NGSS on classroom practice, 

my study was bounded by its focus on only one dimension of the NGSS: scientific practices. So, 

had teachers chosen to make significant changes to the science content they taught in order to 

align their teaching to NGSS’s disciplinary core ideas, there is little about the design of this 

study that would have measured this.  In response to this limitation, care was taken to specify 

that patterns and changes in classroom practice were noted in respect to the inclusion of the 

scientific practices and not other dimensions of the NGSS. 

A final limitation to consider in this study is also one that is potentially generative of 

continuing research, a topic to which I will turn shortly. This study, with its focus on teacher 

practices and the mediating systemic components, does not speak directly to student experience 

of practice or the impact on student learning.  Presumably having experiences with and access to 
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opportunities to engage in scientific practice is an important part of NGSS’s stance of learning 

science by doing science.  However, given the complexity of scientific practices, it would be 

helpful to have access to data that would help understand student sense-making in regard to the 

use of scientific practices.  A major impetus in the development of the NGSS was to improve 

student science learning outcomes.  While this study offers some initial insight into the ways the 

standards are unfolding in one school district, it does not directly address the impact this 

unfolding has on student learning which would be helpful in more fully describing the influence 

of the NGSS. 

 

Directions for continuing research 

 

This study resulted from two-years of working with a particular district during the early 

stages of implementing the Next Generation Science Standards.  However, implementation is an 

ongoing process with some scholars estimating a ten-year time frame for implementation 

(Duschl, 2016).  Further, not all influential components of the system are fully in place including 

those identified in the study such as NGSS aligned curriculum and assessments.  Therefore, in 

some ways this study can be thought of as a snapshot of teachers’ classroom practice taken 

during the complicated process of responding to a new set of standards.  It would certainly be 

interesting and informative to revisit participant teachers’ classrooms as the process of 

implementation continues to unfold to see both the continuing ways that teachers’ negotiate 

including scientific practice in the classroom as well as ways that the systems in which this 

classrooms exist continue to be influential. 

 In addition to continuing this investigation over time, the study also opens opportunities 

for additional lines of inquiry. A firmer understanding of some of the ways in which teachers’ 
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classroom practice is influenced by the Next Generation Science Standards as presented in the 

first manuscript serves as a potential launching off point for several potentially productive 

avenues of inquiry regarding teacher practice.  Having surfaced the unequal opportunities for 

students to experiences the range of scientific practices from the NGSS, it would be interesting to 

learn investigate further some of the underrepresented practices.  Additional work here might 

include learning from teachers why these particular scientific practices occur less frequently in 

their classroom as well as investigating teaching practices that potentially facilitate their more 

frequent inclusion.  Further, in identifying that teachers find ways within their classroom routines 

to link together or bridge between multiple scientific practices, it would be interesting to focus 

further on these moments of transition to investigate specific teaching practices that allow for 

successful movement among the scientific practices. 

 Finally, this study offers an example of using a CHAT framework to understand issues of 

implementation while avoiding both “top-down” and fidelity entailments that are frequently 

present in this type of research.  Given the ways CHAT was useful in this particular study 

investigating the influence of the NGSS on teachers’ classroom practice, this study supports an 

argument that CHAT is an additional useful framing that can be included in the repertoire of 

implementation research and it thus potentially generative of new ways of understanding the 

complex phenomenon of implementation.  
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Appendix A: Sample performance expectation from Next Generation Science Standards 

(NGSS Lead States, 2013) 
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Appendix B: State transition plan (from state department of education website) 
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Appendix C: Practices of Science Observation Protocol (Forbes, Biggers, Zangori, 2013) 
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Appendix D: Classroom episode descriptions (Thompson, et al., in press) 
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Appendix E: Teacher background survey 

 
Teacher Background Survey 

1. What is your educational background (ie, degrees obtained, major)? 
2.  What subject(s) and grade level(s) do you teach? 
3.  How long have you been teaching? 
4.  On a scale of 1-10 with 1 being no choice and 10 being complete choice, how much choice do you 
have in the selecting the science content you teach? 
5.  On a scale of 1-10 with 1 being no choice and 10 being complete choice, how much choice do you 
have in the selecting the methods you use to teach science? 
6.  What are the primary factors that influence the science content you teach and the methods you use 
to teach science? 
7.  On a scale of 1-10 with 1 being never heard of them and 10 being I use them regularly in my 
classroom, how familiar are you with the Next Generation Science Standards (NGSS)? 
8.   What opportunities, (such as department meetings, professional development workshops, personal 
research, curricular materials) have you had to learn about the NGSS? 
9.  How would you describe the NGSS to a parent curious about them? 
10.  On a scale of 1-10, with 1 being no influence and 10 being significant influence, how much influence 
do the NGSS currently have on your teaching? 

  



165 

 

 

Appendix F: Interview protocols 

 

Teacher Interview Protocol 

 

Prior to beginning interview, I will introduce myself, review the aims of the project, answer any 

questions the participant may have, and obtain informed consent. 

 

1.    Can you tell me a bit out how you make instructional decisions and what influences these 

decisions? 

 

2.    I noticed x in your teaching (where x describes a pertinent moment related to the 

inclusion of scientific practices from the classroom observation) can you tell me more about 

what influenced your decision to do that? 

 

3.    Can you describe how you see your teaching aligns, if you feel that it does, with NGSS [: 

if teaching practice isn’t mentioned, follow-up making the focus apparent]? 

 

4.     What do you think your role/responsibility, if any,  is in making changes in the 

classroom in order to align to NGSS? 

 

5.     Are there additional changes that you anticipate making to increase alignment?  Why or 

why not and how will you go about making these changes? 

 

6.    What do you find challenging about aligning your teaching to NGSS? 

 

7.    What changes, if any, have you noted in your school or districts’ science teaching in 

response to NGSS? 

 

8. What resources, tools, and materials, if any, do you have access to in support of your teaching  

with regards to NGSS? 

 

9. Are there additional resources that you wish you had that would help with aligning your 

teaching to NGSS? 

 

10. Is there anything else you would like me to know about your teaching and NGSS? 

 

Superintendent Interview Protocol 

 

Prior to beginning interview, I will introduce myself, review the aims of the project, answer any 

questions the participant may have, and obtain informed consent. 

 

1. Can you please describe how the district generally develops implementation plans for new 

standards (ie Common Core, NGSS). 
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2. Can you please give me an overview of the NGSS implementation plan that the district 

has?  Is it the same across all levels, K-12? 

 

3. What role do you have in NGSS implementation planning? (If there is a significant role 

proceed with following questions). 

 

4. Can you please describe the process the district used for developing the plan? 

 

5. What resources, state-provided or otherwise, does the district have to develop and carry-out an 

implementation plan? 

 

6. How far into the implementation plan is the district currently? 

 

7.  How is the implementation process going from your perspective?  

 

8. What challenges have you seen or do you foresee in implementing NGSS? 

 

9.  What additional resources or tools would be helpful for implementing NGSS in the district? 

 

10. Is there anything else you want me to know about a district level perspective on NGSS? 

 

Science Coordinator Protocol 

 

1. Can you please describe the role you play in helping the district and its teachers prepare for 

NGSS? 

 

2. What opportunities are there that you are aware of for teachers to receive professional 

development about NGSS? 

 

3.  Are these opportunities the same across all levels K-12? 

 

4.  In addition to planned professional development sessions, are there other resources that you 

are aware of for teachers to get help in implementing NGSS and are you aware of if and how 

they are accessed? 

 

5.  From your perspective how is the implementation process going? 

 

6.  What are some challenges that you are aware or foresee in the district’s implementation of 

NGSS? 

 

7. Are there additional resources, materials, etc that you feel would be helpful for implementing 

NGSS? 

 

8.  Is there anything else you think I should know about NGSS and professional development 

about its implementation? 
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Appendix G: District curriculum maps 
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