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Abstract

Despite the potential of the Next Generation Science Standards (NGSS) to positively impact
science education, educators require time and support to learn the standards and their implications for
science teaching and learning in the classroom. The Hawai‘i Department of Education adopted the NGSS
in 2016. While schools received professional development for the NGSS, little is known about how
teachers view the NGSS or are applying the standards in their science teaching practices. In this multiple
case study, I investigated how five middle school science teachers in one complex area of Hawai‘i were
making sense of the NGSS in terms of their beliefs and practice. Using semi-structured interviews, |
investigated teachers' views and beliefs about the NGSS. Through the analysis of teachers’ lesson
descriptions, |1 examined the presence of the three-dimensional elements of NGSS in participants’ lessons.
My findings revealed that the five participating teachers attended to the three dimensions more than any
of the other conceptual shifts of the NGSS. However, although the three dimensions were present in all
participants’ lessons, the three dimensions were seldom present at the appropriate middle school grade
level. Participants also expressed a range of conceptions about phenomena when describing the
phenomenon in the lesson, which suggests participants have some uncertainty about what phenomena are
and the role phenomena play in science teaching and learning for the NGSS. Furthermore, participants
from the same school tended to espouse similar beliefs about the NGSS. While the findings should be
weighed against the limitations of this exploratory multiple case study, the results of the study may
provide useful points for discussion to those interested in supporting teachers and schools with

implementing the NGSS in science teaching and learning.
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Chapter 1: Introduction
From HCPS to NGSS: A Brief History of Contemporary Science Education in Hawai‘i

Hawai‘i’s engagement with standards-based education was formally initiated after George H.W.
Bush’s State of the Union address in 1990 (Brown, 2009). Concerns with quality and accountability in
education prompted the commission and adoption of the Hawai‘i Content and Performance Standards
(HCPS) in 1994. Commonly referred to as the “Blue Book,” the Hawai‘i standards document was
recognized nationally as a “pioneering” effort, and Hawai‘i was the first to receive federal money for
standards development in 1994 under President Clinton’s Goals 2000 legislation. Statewide educational
assessments in Hawai‘i inspired the development of HCPS 11, also known as the “Rainbow Series” due to
the different colors assigned to the 10 academic subjects. Improvements in HCPS 1l included the
reduction of standards from 1,544 to 139 and the inclusion of true performance standards as opposed to
only content standards (Brown, 2009). This second iteration of standards was adopted in 1999. When
HCPS Il received low ratings in the Fordham Foundation review of state standards, the Hawai‘i State
Auditor (2001) criticized the science standards for separating “inquiry-based content from knowledge-
based content” and for including standards that were distracting, overly broad, or overly narrow. In
response to the review, HCPS 111 reorganized the original 23 science domains into eight thematic
standards with “benchmarks” for each grade level organized under each standard. The separation of
inquiry and content in the standards was not addressed, however, HCPS 111 was characterized by an
increased focus on content and skills and the presentation of a performance rubric for each benchmark
(HIDOE, 2005). In 2005, the Board of Education of Hawai‘i approved the third and final installment of
the HCPS series.

The efforts to improve the science education standards in Hawai‘i have been met with modest
gains in science achievement in Hawai‘i schools over the past decade. Science proficiency scores for
elementary and middle school students in 2015 were substantially lower than the national average and did
not increase significantly from 2009 (The Nation’s Report Card, 2015). From the 2015 National

Assessment of Educational Progress (NAEP) reports, 30 percent of students demonstrated proficiency in



science compared to 36 percent across the nation and 24 percent in 2009. Meanwhile, 17 percent of
eighth-grade students demonstrated proficiency in science compared to 31 percent across the nation and
22 percent in 2009. In 2016, despite 48 percent of high school graduates expressing interest in STEM
majors or careers, only 16 percent of students met the proficiency benchmarks for STEM, while 30
percent of students met proficiency in science (American College Testing, 2016). Wide-scale assessments
admittedly capture only a small aspect of what many would consider science literacy (Dickinson et al.,
2020; NRC, 1999), however, they do establish a concerning trend and raise questions about the challenges
in teaching science in Hawai‘i and can serve to prompt dialogue regarding improvement.

The opportunity for restimulating discussions about improving science education in Hawai‘i was
found amidst a multi-state effort to forge a new set of science standards that could more fully represent
the goal of science literacy for all students. The Next Generation Science Standards (NGSS) was born
from the guiding document — A Framework for K-12 Science Education (Framework) (National
Research Council [NRC], 2012) — which presented an ambitious vision for science education in which
all students should have the proficiency needed to participate in the authentic practices of scientists. This
vision requires a shift in instruction in the traditional science classroom. Research has shown that
instruction that supports students’ direct engagement with phenomena in science can help students engage
with science concepts at deeper levels (Bennett et al., 2007; Harris et al., 2015; Songer et al., 2009;
Wilson et al., 2010). Students learn to do this through experiences that help them to develop proficiency
along three dimensions of scientific activity: disciplinary core ideas, scientific and engineering practices,
and crosscutting concepts (NRC, 2012; NGSS Lead States, 2013). For example, the explicit integration of
content and practice within science standards has implications for how science is taught and assessed and
represents an increase in expectations for students to apply scientific understanding to solve problems,
explain phenomena, and think critically about the natural world and the nature of science (Krajcik et al.,
2014).

With unanimous approval from the Hawai‘i Board of Education, the Hawai‘i Department of

Education (HIDOE) adopted the standards in February 2016, three years after the NGSS’s publication.



Guidance for implementing the new policy was provided in the form of a three-year timeline for the
transition from HCPS |11 to NGSS by the school year 2019-2020. The timeline faithfully attended to the
national guidelines for NGSS implementation (NRC, 2015) and emphasized six focus areas of the
educational system, which included standards alignment, curriculum and instruction, assessment,
professional development, cross-content connections, and ongoing communication across the HIDOE tri-
part system (i.e. state, complex areas, and schools). Despite a consensus that the new standards were a
step forward for Hawai‘i schools (Matayoshi, 2016), teachers in Hawai‘i schools expressed a variety of
needs and concerns. The Hawai‘i Hope Street Group (2015) found from a survey of 1,214 teachers (10
percent of teachers in Hawai‘i) that the majority of teachers were unfamiliar and uncomfortable with the
NGSS. Over two-thirds of the teachers surveyed recognized that the standards would significantly impact
their teaching. Concern was most acute over the need for new curricular materials and ongoing
professional development. Among the most challenging tasks expressed by teachers included shifting
their lesson-planning and teaching practices, building understanding about the new standards, and
preparing for new state assessments.

As a statewide school district, the Hawai‘i Department of Education consists of fifteen complex
areas; each complex area comprises a set of high schools and their respective middle and elementary
schools. As a complex area resource teacher for one of the complex areas in Hawai‘i, a significant part of
my professional role was to support the schools in my complex area with the implementation of the
NGSS. Realizing the potential of the NGSS and the need to support schools in transitioning to the new
standards, our complex area team, of which | was a part, designed a multi-year program for professional
development around teaching and learning with the new standards. The program content and design was
revisited and readjusted at the end of each year as the needs, wants, and priorities of teachers and schools
are reassessed. In the first year of implementation, | primarily worked with coaches from elementary
schools to increase coaches’ knowledge about the standards and how teaching. The training consisted of
modeled lessons, select readings, group discussions, and school-level implementation planning. However,

the more that coaches learned, the more they expressed the need for additional help; recognizing the



amount of teacher learning needed for the NGSS, the elementary school coaches felt that leading their
schools in implementing the standards was not something they could do alone.

Agreeing with our elementary school coaches' concerns, we advocated for schools to identify a
team to lead the implementation and attend training. We also extended our support to middle and high
schools, although we held two separate professional development programs—one for our elementary
schools and one for our secondary schools—as they had separate needs and infrastructures. Each school
team consisted of the coach and two or three science lead teachers from each school. Together, the team
would share the responsibility for learning about the NGSS, planning the professional learning for their
schools, and implementing their plans with each others' support. The unique contexts, priorities, and
nature of operations at each school made it clear to us that a one-size-fits-all plan would be inappropriate
for most schools. Instead, we offered guidelines for school teams to engage in discussions and planning
around the content of professional learning as well as necessary administrative and curricular support. We
felt that supporting schools to establish a school team to lead their own planning and implementation
would offer the most flexibility and benefits to schools within our capacity at the complex area. By the
end of the second year of implementation, all teachers within our complex area reported receiving formal
training on the NGSS.

An Evolving Landscape for the Science Teacher in Hawai‘i

On August 1, 2017, the Hawai‘i Department of Education experienced a recent change in
leadership with the appointment of Dr. Christina M. Kishimoto as superintendent. As a result, the
policies, projects, and initiatives under the new direction reflected the shifts in priorities, values, and
organizational infrastructures. This is seen with the adoption of new social studies and computer science
standards as well as an encouragement for schools to enact project-based learning and Na Hopena A’o.
These are not necessarily competing initiatives, however, these are additional factors and messages that
necessarily influence schools and teachers.

With the many needs and challenges that students face in schools and beyond graduation,

“change is a requirement and not a suggestion” (Mitchell & Shoho, 2017). Teachers must constantly



reconstruct their existing models of what to teach and how to teach. Against the stream of initiatives and
the evolving nature of education, a teachers’ ability to adapt to change becomes a critical concern.
Researchers have shown that reforming instructional practices have been difficult, even when there is
convincing evidence that the practice may substantially benefit students’ learning. Many factors
complicate that learning process and prevent teachers from integrating new knowledge into their practice.
Frustration at this slow rate of change can be alleviated by acknowledging the intricacies of change at
various socio-ecological levels in which the teacher operates on a day-to-day basis. A study by Allen and
Penuel (2015) revealed barriers that inhibit teacher progress with the NGSS from an organizational
perspective; these barriers include conflicting school priorities, absence of assessment measures for the
NGSS, limited resources for teaching with the NGSS, and a lack of clarity about how to implement
instruction for the NGSS in the classroom. Researchers, such as Shoho and Woods (2007) and Pruitt
(2014), have persistently cautioned that without attention to the context-based mechanisms across
multiple levels of implementation, standards adoption can have unintended and even negative effects on
teachers and students. Teachers are expected to shift their instructional and planning practices in light of
innovations; however the reality is that some teachers make the shift, and some teachers do not
(Friedrichsen & Barnett, 2018). New initiatives and policies may be well-intentioned, however, a blind
eye to the implications for teaching and learning may result in these intentions getting lost in translation
from policy to the instruction that students ultimately receive in the classroom (Pruitt, 2014).

The reconstruction of professional knowledge can be both exciting and unsettling. An ambitious
vision of education requires a transformation that can only be accommodated by systems of professionals
in a learning organization. When initiatives require teachers to change their practice in unfamiliar ways,
teachers can experience demoralizing discomfort and frustration even with the collaborative support of
their colleagues (Dobbs et al., 2017). Additionally, some teachers when allowed to participate in
professional knowledge-building activities will prefer to forsake new learning in exchange for being told
what to do (City et al., 2009). Teachers acquire skills and expertise through years of trial and experience,

and their routine practices are likely to remain stubbornly stuck (Bowers et al., 2019). Quality teaching



and improvement requires teacher learning. Whether or not a policy has the intended effect on student
outcomes largely hinges on what the teacher decides to do differently in the classroom. As the pivotal site
of change within the instructional core, teacher learning is of great concern (City et al., 2009; Cohen et
al., 2003).

The NGSS is not without complications. Porter et al. (2007) cautioned that standards-based
reform can have disastrous results when focused on the wrong content. The quality of the NGSS as a
target for alignment appears to be that it defines high expectations for students and is grounded in
substantial evidence about how students learn (Bransford et al., 2000; NRC, 2008; NRC, 2012). Critics
swiftly point out the caveats of the NGSS in terms of the hypothetical nature of the CCCs (Osborne et al.,
2018), the difficulty of interpretation and alignment (Fulmer et al., 2018), the absence of diversity, equity,
and engagement (Rodriguez, 2015), and the lack of explicit reference to the nature of science (McComas
& Nouri, 2016). These paradoxes and oversights are often unresolved and present additional challenges
for educators. Friedrichsen and Barnet (2018) elaborated on the tensions that arise when teachers attempt
to negotiate the meaning of the NGSS in light of their practice, and how in the absence of a professional
learning network, teachers who engage in isolated professional learning communities can miss the most
significant shifts in practice intended with the NGSS.

These challenges at multiple levels that surround the science teacher paint an overwhelming and
often numbing picture of the challenges that surround the science teacher. The rationale for this study was
to gain insights into how the NGSS were influencing teachers’ beliefs and their practice in Hawai‘i.
Disregard for teacher’s descriptions of their NGSS translations in practice leaves valuable challenges and
insights unexamined, and dilemmas of implementation and change are likely to persist (McFadden, 2019).
Without understanding the ways that teachers are understanding the new standards and integrating them
into their practice, hidden opportunities and challenges that are occurring during the teacher’s
development of new skills and knowledge may go missed or unnoticed. Indeed, a lack of understanding of
how new science standards affect classroom teachers in Hawai‘i may come at the expense of science

learning for students.



A Practitioner Inquiry

This study sought to balance the lessons gleaned from both experience and the educational
literature against the constraints and affordances of the Hawai‘i Department of Education context, against
the unique realities of teachers, and the pressures and calling duty to transform our Hawai‘i science
education for our students and Hawaii’s future. As a practitioner inquiry, this process of sense-making,
whether pertaining to science or educational practice, is often at first what Pickering (1993) calls a
“mangle of practice” in which the researcher struggles for common grounds between their ideas and the
multi-faceted complexity of reality. At a later stage, usually with an emerging sense of intent and dawning
clarity, the inquiry potentially transforms into a process akin to what Alencastre (2015) describes as lei-
making, in which ideas are carefully selected and woven together for their particular significance and
contribution to our understanding.

The discourses of alignment and accountability are dominant in the discursive spaces of
educational research as well as in public education in Hawai‘i, and these voices reflect a particular yet
evolving stance on the goals, aims, and trajectory of our children’s education. While not free or absolved
of this entrenched discourse, this study sought to open the dialogue to incorporate the accounts, struggles,
and voices of our teachers who work most closely with our students as they strive for improvements in
their practice. This pragmatic stance, blending critical and conventional perspectives, was purposeful.
Even with the canonical research base on what works in education, improvement efforts guided by the
dominant educational discourse have struggled to produce significant gains in outcomes for Hawai‘i
students. Challenges that have beset our efforts to improve teaching and learning in Hawai‘i have
continued since the beginning of standards-based reform. As a practitioner-researcher navigating the rich
and contested spaces of educational research and education in Hawai‘i, I adopted this pragmatic approach
which I felt exemplified both the “care of the discipline” (Shulman et al., 2006) as well as the need for
new ways of understanding and fostering educational improvement in Hawai‘i.

By examining teachers’ accounts of their practices and reflections (Clarke & Hollingsworth,

2002) as they grapple with what it means to improve their practice in light of new science standards, this



study aimed to uncover a deeper understanding and appreciation for the process of teacher change, for me
as a practitioner and for those invested in improving science teaching and learning. | hope that this study
will contribute to expanding the conventional dialogue on improving science education to a more
inclusive one that accounts for additional elements that might make a meaningful difference for the
quality of science teaching and learning in Hawai‘i.
Purpose of the Study

The purpose of this exploratory qualitative multiple case study was to examine how middle
school science teachers within their first few years of teaching with the NGSS were translating and
integrating the standards into their instructional knowledge and practices in public schools in Hawai‘i.
This study was guided by a conceptual framework of teacher learning against the background of their
ecological settings and was based on interviews with science teachers from two middle schools in
Hawai‘i. With the additional aim of uncovering the deeper discourses of educational change in Hawai‘i,
the study also sought to more represent a more complete picture of the negotiated meanings of the NGSS
that are taken up by teachers in their reflections and teaching practice. These aspects of teacher change are
often unaccounted for that may either serve as barriers or conduits through which support for teacher
learning can be improved which has repeatedly shown up in the literature (Anderson et al., 2018) and
potentially challenge efforts to improve science teaching and learning in public education in Hawai‘i.
Research Questions

The research was guided by questions of practice reflecting a practitioner inquiry approach to
examining teacher change in response to the adoption of new science standards for improving science
education in Hawai‘i. The primary research question and sub-questions were: How are middle school
science teachers in Hawai‘i making sense of the NGSS in their teaching practices?

1. How do middle school teachers describe their understanding of the NGSS and the implications of
the NGSS on science teaching and learning?

2. How are teachers reasoning about and using the NGSS in their practice?



3. What might be some lessons learned (strengths, opportunities, challenges) from these cases of

teachers’ efforts to translate the NGSS into their practice?
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Chapter 2: Literature Review

This study sought insights into how five middle school science teachers were making sense of the
new science standards in their beliefs and practices. | begin this chapter by describing the purpose and
goal of science education in terms of what we ultimately hope students will acquire through science
instruction. An appreciation of the various perspectives on the purpose of science education serves as a
point of comparison to the image of science teaching and learning envisioned under the NGSS. The
NGSS are the content of what students are expected to learn in science. In this second section, I describe
the nuances of the standards and how they compare to previous similar national standards in terms of
expectations for students in science. Finally, | discuss the implications of these demands on the teacher in
terms of changes in their knowledge, skills, beliefs, and teaching practice. As this study pertains to
changes in teacher practice in response to new science standards, | discuss the relevant theory on teacher
change, which guided my analysis and led me to my admittedly tentative and dialogic conclusions
(Badley, 2003) within the ongoing discourse of improving science education in Hawai‘i.
Science Literacy and the NGSS
Defining Science Literacy

Science literacy is widely accepted as the goal of science education (Bybee & Pruitt, 2017). Hurd
(1958) first popularized the term “science literacy” in his critique of science education in the 1950s. In his
article, he described science literacy as an understanding of science concepts and processes as well as the
application of scientific understanding to an individual’s experience as a citizen. Despite variations and
nuances in the definition of science literacy (DeBoer, 2000; Roberts, 2007), a synthesis of the literature
on science literacy reveals that the scholars generally define science literacy along one or more of the
following categories (Bybee, 1997; DeBoer, 2000; NRC, 2008; NRC 2012; NRC, 2016): (a) foundational
literacies, (b) science content knowledge, (c) understanding of the procedures of scientific practices, (d)
identifying and evaluating scientific expertise, (e) understanding of the nature of scientific practices, (f)
an appreciation or cultural understanding of science, (g) dispositions and habits of mind. At the broadest

level, science literacy is about the level of scientific understanding an individual possesses and can access
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in the various situations of life (DeBoer, 2000; Hurd, 1958). Scientifically literate people can ask, find, or
determine answers to questions about everyday experiences; they can describe, explain, and predict
natural phenomena (NRC, 1996; Bybee & Pruitt, 2017). They possess the knowledge and understanding
of scientific concepts and processes required for personal decision making, participation in civic and
cultural affairs, and economic productivity.

Why Science Literacy is Important

Norris and Phillips (2009) argued that science literacy can be defined by both objectives and
values. In terms of objectives, science literacy is the acquisition of scientific (a) knowledge, (b)
capacities, and (c) dispositions or traits. Indeed, nearly all 74 studies on science literacy published since
2000 defined science literacy as a combination of knowledge and capacity goals; two-thirds of the studies
also included dispositions goals in their definitions of science literacy (Norris et al., 2014). The second
part of a definition of science literacy involves the type of argument made about the purpose of science
education (Norris et al., 2014). Any definition of science literacy is inextricably tied to particular values
and positions about the goals of science education. Four broad rationales have been proposed as to why
science literacy is important and necessary: (a) the personal or utilitarian rationale, (b) the economic
rationale, (c) the democratic rationale, and (d) the cultural or aesthetic rationale (Driver et al., 1996; NRC,
2016; Shen 1975). These rationales for why science literacy is important are elaborated below.

Personal Rationale for Science Literacy. The basis of the personal or practical rationale is that
scientific literacy helps people respond to issues and challenges in their individual lives. The assumption
is that an understanding of science can help them to take informed actions and lead richer, healthier lives
(Organisation for Economic Co-operation and Development, 2016). In particular, Miller (2010) draws
attention to the increased access to information and the increasing need to critically assess and interpret
information, particularly when decisions regarding that information impact community and individual
well-being.

Economic Rationale for Science Literacy. The economic argument for science literacy carries

political weight in education (Roberts & Bybee, 2014). The premise of the argument is that advanced
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economies require a scientifically and technologically skilled population to fill jobs in science-related or
technology-related professions, such as computer science and engineering. Many of the essential jobs in
today’s society also require some knowledge of science, such as nursing, physiotherapy, and construction
NRC, 2016).

Democratic Rationale for Science Literacy. The democratic rationale is an interesting one in
that it rests on the claim that democracy only functions when citizens act as informed participants in civic
decision making. Proponents of this rationale argue scientific and technological advances can at least in
part address many of the major problems in today’s societies—such as disease prevention, “clean” energy
production, potable water systems, and climate change. Therefore, a key part of being scientifically
literate is becoming involved in issues beyond the personal (Hodson, 2011; Hurd, 1998; Trefil & O'Brien-
Trefil, 2009). Only citizens who are science literate are adequately prepared to participate in civic
decision-making around contemporary societal challenges (NRC, 2016).

Cultural and Aesthetic Rationale for Science Literacy. Personal, democratic, and economic
arguments for science literacy are popular and instrumental in educational politics but not always tenable.
Scholars such as Feinstein (2010) and Randel (2010) maintain that a more defensible argument for
science literacy is simply to cultivate a particular quality of mind concerning the natural world and how
we engage intellectually with that world. From this perspective, the sciences are a powerful way of
understanding the world and, for that reason alone, are essential to a liberal arts education.

Fundamental Versus Derived Science Literacy. Researchers in science education have debated
whether the science curriculum should emphasize the subject matter itself or the application of knowledge
and abilities in life situations. The distinction between the two cases can be referred to as developing
fundamental versus derived senses of science literacy (Norris & Phillips, 2003). In a fundamental sense,
the goal is for students to develop an understanding of knowledge about the big ideas or unifying
concepts or themes of science like the nature of science, scientific inquiry, and major conceptual themes
in the biological, earth-space, and physical science. In a derived sense, science literacy should stress the

cognitive abilities, critical thinking, and habits of mind to understand the big ideas in science, to inform
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and persuade others about these ideas, and to participate more fully in the public debate about scientific
societal issues (Yore & Treagust, 2006). Both are necessary for science literacy, however, researchers
such as Norris and Phillips (2003) and Yore and Treagust (2006) argue that emphasizing fundamental
science literacy—the ability to “read and write in the subject or field of science”—will enable civic
participation in science-related issues. These researchers advocate for an education that stresses an
understanding of the core principles of science. By contrast, Roberts and Bybee (2014) caution that most
science education programs overemphasize canonical science content at the expense of addressing
relevant science-related societal issues; a Vision | curriculum emphasizes science content whereas a
Vision Il curriculum emphasizes the application of science to relevant aspects in students’ lives and
communities. Many curricula and standards are consistent with a Vision I, which aims to prepare students
to be competent workers in science- or technology-related fields (Roberts & Bybee, 2014). Feinstein
(2010) adds that the goal of preparing students to become future scientists should not overshadow the
other goal of preparing students to engage confidently in the discourses of science as a “competent
outsiders” of the field—that is, as non-scientist citizens and stakeholders. Ultimately, there are risks in
overemphasizing one vision over the other; now more than ever there is a need to develop ways to
balance both of these goals in science education (Duschl, 2008; Feinstein, 2010; Norris et al., 2014).
The Need for New Science Standards
Concerns about the Lack of Science Literacy

Concerns about the lack of scientific literacy among the public are not new in science education
research. In his argument for the importance of science education, Dewey (1934) raised concern about the
lack of access to a “scientific attitude across the nation’s schools. Cohen (1952) later but similarly
argued that formal science education at the time left students with a knowledge of miscellaneous facts but
little understanding of how science has been so successful in developing understanding of the material
world. More recently, evidence from a national survey of teachers suggests that teaching science as facts
is still pervasive in classrooms leading to a superficial understanding of the natural world (Banilower et

al., 2013).
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When it comes to understanding contemporary issues and problems, individuals tend to jump to
conclusions about scientific ideas and often lack awareness of their cognitive biases (Scheufele & Krause,
2019). These tendencies are referred to as heuristic or “fast thinking,” and can result in misinformation
about issues related to the natural world (Kahneman, 2011; Schwarz et al., 2017). People’s capacity for
“slow thinking”—weighing the evidence, considering alternative explanations, and revising one’s
understanding in light of new evidence and arguments—are often unexercised or underdeveloped when
confronted with science-related information (Kahneman, 2011; Schwarz et al., 2017). According to
Sinatra et al. (2014), these tendencies are not the result of lacking scientific knowledge but are traceable
to other dimensions such as one’s scientific identity, values, and beliefs. What often is missed in science
education is the deliberate development of epistemic cognition and scientific identity in students (Sinatra
etal., 2014). In a survey of 1,018 adults in Los Angeles, California, Falk and Needham (2013) found that
confidence in one’s scientific knowledge correlated to being male, higher income, and level of education.
Studies such as this one continue to raise concerns about whether opportunities to learn science are
sufficiently accessible despite students’ backgrounds.

Advancements in the Learning Sciences

Researchers point out two major reforms in science education in the past century (Duschl, 2008;
Bybee & Pruitt, 2017): the 1950-1970 reform efforts motivated by the launch of Sputnik, which also
marks the beginning of the National Science Foundation (NSF). The core mission of science education at
the time was to prepare students to think like scientists and place them in the pipeline for careers in
science (Rudolph, 2002). The second wave of reform was referred to as the "Science for All” movement
(Roberts & Bybee, 2014) and began in the 1980s. This period was marked by a large-scale movement
towards integrating science, technology, engineering, and mathematics (STEM) in education in addition
to influential publications in science education such as the National Science Education Standards (NRC,
1996) and the Benchmarks for Science Literacy (AAAS, 1993). During this period, the agenda in science
education expanded to include the development of a scientifically literate populace that can participate

economically and democratically in increasingly global and market-focused societies.
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Since the 1950s and 1960s, two advancements in the science education scholarship have
prompted a reexamination of the teaching and learning of science in the classroom (Duschl, 2008). The
first advancement was made in the learning sciences. In general, there was a shift from behavioral and
associative learning theories towards social, cultural, and linguistic theories of learning. Learning was
now believed to be situated and inextricably tied to context, discourse, and participation in communities
of practice and mediated over time (Bruner, 2004; Gee, 2004; Lave & Wenger, 1991; Sadler, 2009).
Advances were also made in cognitive development in infants and children, which revealed that they were
capable of abstract reasoning in mathematics and science (NRC, 2000; NRC, 2007). The implications for
the classroom was a shift towards defining and encouraging constructivist approaches and strategies,
which included defining learning progressions from novice to expert knowledge, leveraging students’
prior knowledge, scaffolding, and fading, making students' ideas and thinking processes visible,
prompting reflections about one’s learning and progress, and using manipulative to support students'
progress from concrete to more abstract understanding (Sawyer, 2014; Yager, 1991). Despite these
advances, an examination of K-8 classrooms and curricula in the U.S. revealed disconnected and isolated
instruction across science classrooms (NRC, 2007).

Advancements in Science Studies

Science is not a simple act of accepting or rejecting theory based on empirical evidence. To
reduce the scientific enterprise to a singular action is not only reductive but also inaccurate. History offers
many examples of revolutionary scientists who despite contradictory evidence hold tenaciously to their
ideas and repeatedly reshape theory until it approximates the phenomena of the natural world. These
practices imply that the nature of scientific craft is much more pragmatic and dialogic than a simplistic
program of the scientific method (McEwan & Bull, 1991).

The story of how partial and current understandings about the nature of science have developed
traces back to three periods (Collins & Evans, 2002). In the first period before the 1960s, views of science
were dominated by logical positivism; science at the time was largely considered equivalent to the

hypothetico-deductive process, also known endearingly as “scientific method” (Lederman et al., 2002).
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With his insights on the sociological, psychological, and cultural nature of science, Kuhn (1962)
dethroned the logical positivist image of science, which gave rise to a second period in which science was
viewed as a democratic process. The understanding at the time was that scientific knowledge was neither
static nor definitive: as scientific knowledge changes over time, so do the methods of inquiry and the
criteria for evaluation (Duschl, 2008; Kuhn, 1962). By the 1970s, scientific knowledge was imbued with
new qualities and was characterized as being tentative, humanism, specialized, logical, and empirical
(AAAS, 1993; Deng et al., 2011; NRC, 1996). The third period is marked by critical perspectives that
guestioned the legitimacy, construction, exclusivity, and universality of scientific knowledge (Shapin,
1995). A more sophisticated image of science emerged in which science involves situated knowledge
with localized practices for knowledge construction and evaluation (Lauer & Aswani, 2009). Each of
these three periods presents increasingly sophisticated images of the nature of science, in which the
boundaries that separate science from localized expertise and knowledge are increasingly deconstructed
and dissolved (Collins & Evans, 2002).

According to Abd-El-Khalick (2006), students continued to hold partial and fragmented views
about the nature of science despite past reforms in science education. Many science classrooms continue
to portray science as authoritative and positivistic, in which science was reduced to cookbook labs and the
linear scientific method (Duschl & Bybee, 2014; NRC, 2007; Windschitl et al., 2008). These educational
outcomes and practices are not insignificant. Much of science learning, as in any subject, is about learning
to construct one’s discursive identity in relation to the practices and discourses of discipline (Brown et al.,
2005). An oversimplified portrayal of science in the classroom promotes narrow science identities that
fail to appeal to a broad range of students (Barton, 1998). Brown et al., (2005) and Reveles et al., (2004)
found that students were more likely to gain confidence in scientific discourses and participation when
science is taught and portrayed as a social and discursive practice. Carlone and Johnson (2007) found that
the recognition of students’ participation, effort, or ideas in science related to whether the students

developed scientific or marginalized identities in science. Thus, the imperative of portraying and teaching
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science as a discursive practice is not purely an issue of accuracy, but ultimately one of access and
opportunity for students in the science classroom.

The scientific enterprise, or what we call science, is now widely understood to consist of at least
three interrelated entities: a particular body of knowledge, the practices used to cultivate that knowledge,
and the social institutions committed to those products and practices of science (NRC, 2016; NRC, 2012).
Together, these three entities represent a sophisticated and accessible view of science. Allegiance to any
one view of science, whether intentional or not, is a commitment to a partial and incomplete
understanding of the nature of science. In perpetuating a lack of consciousness about the nature of
scientific knowledge, school classrooms likely contribute to marginalizing individuals from the type of
science-informed reasoning necessary to participate in consequential decision-making and discussions
related to their lives, world, and communities (Sinatra et al., 2014). Contrary to the ways scientific
explanations are presented in the media and schools, scientific explanations are much more diverse and
interpretive (Schwarz et al., 2017). Yet, educational practices continue to inspire partial images of science
in students (Lederman, 2007). For students to gain a deeper understanding of science and its growing
relevance in daily life, new approaches are needed to ensure educational practices do not restrict access to
participation in discourses that leverage or rely on scientific knowledge (Carlone & Johnson, 2007).
Reforms in Science Education

Teachers and students benefited little from the scholarly achievements in the learning sciences
and science studies (Duschl, 2008). Since the 1900s, the teaching of science as facts prevailed in
classrooms (Duschl, 1990). Laboratory experiments were not uncommon, however, the experiments were
often disconnected from epistemic reasoning and practices of science. Schwab (1958) criticized this
portrayal of science referring to it as a “rhetoric of conclusion” as students were simply confirming ideas
that were already known from their textbooks. Lehrer and Schauble (2006) proposed three models that
characterized the ways science was taught in classrooms. The utility of these models is that they illustrate
how instruction that emphasizes a partial image of science can fail to cultivate deeper understandings

about science. In the first model, science is portrayed as logical reasoning and emphasizes the ability to
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reason about the validity of conclusions from controlled experiments. In other words, students learn that
science is equivalent to the scientific method. In the second model, science-as-theory-change, students
learn that science involves hypotheses and theories that can be accepted or rejected in light of new
empirical evidence. Although the second model presents a rounder picture of science, both models overly
privilege the role of empirical evidence in science and offer a narrow logical-positivist version of the
discipline (Holbrook & Rannikmae, 2007).

Public concern about science literacy skyrocketed when the first Sputnik was launched into space
in 1957. The legacy of this alarming event on science education cannot be overstated. The 1950s was
referred to as the “golden age” of science and mathematics education and gave rise to several programs
and organizations, some of which are still in existence today such as the Biological Sciences Curriculum
Study (BSCS) and the Lawrence Hall of Science (Anelli, 2011; Bybee & Pruitt, 2017). Since the 1960s,
science classrooms attempted to shift towards instruction in which science was a process-driven approach.
However, science was again reduced to a set of discrete actions — such as observing, measuring,
predicting — which continued to cultivate a limited understanding of science (Duschl, 1990). It quickly
became apparent that these science processes were easily ritualized and taught as routinely as the
memorization of textbook facts (Lehrer & Schauble, 2006). For decades, science curricula largely
continued to portray science as a body of unquestioned knowledge and a positivist endeavor with a
singular method (Gibbs & Lawson, 1992). It was clear that the revolutions in understanding of the nature
of science and the learning sciences were simply not translating into science programs or instruction at
any large scale (Duschl, 1985).

A missing piece in many science classrooms was a version of science that Lehrer and Schauble
(2006) refer to as science-as-practice. The model emphasizes the complicated, variable, and social nature
of scientific inquiry and represents a convergence of the scholarship from the learning sciences and
science studies into a particular vision of science instruction. However, inquiry of this form was rare in
classrooms even in cases where teachers were trained with inquiry-oriented curricula (Herron, 1971). For

a long time, the science education community has talked about the importance of using inquiry in



19

instruction to support students in learning content. Researchers have noted that most science classrooms
traditionally focus on memorizing discrete facts and vocabulary (Harris et al., 2015; NRC, 2007; Pruitt,
2014). Many science activities have changed over time in the science classroom, however, teachers’
views of the nature of science pedagogy remain stubbornly stuck (Abd-El-Khalick et al., 2004). Teachers
and textbooks deliver science explanations, but students rarely construct explanations; thus learning is
largely teacher-driven in many science classrooms and few students have opportunities to engage deeply
in the practices (Bowers et al., 2019). This is concerning in light of substantial evidence from large-scale
studies showing that student interest in science is higher in inquiry-based classrooms, and student
achievement tends to peak in moderate-inquiry classrooms (Jiang & McComas, 2015) as well as studies
that show students retain content knowledge longer with inquiry-based instruction (Schmid, 2015).

In 1983, the release of the landmark report, A Nation At Risk, restimulated interest and urgency to
increase science and math achievement (Bybee & Pruitt, 2017). It was in this context that the American
Association for the Advancement of Science (AAAS) established Project 2061, a three-phase plan to
improve scientific literacy for all students. The products of the first two phases were two documents:
Science for All Americans (AAAS, 1990) and Benchmarks for Science Literacy (AAAS, 1993). In 1996,
the NRC released the National Science Education Standards (NSES) with guidelines for states to develop
standards for science (Ames, 2014; Anelli, 2011; Bybee & Pruitt, 2017). A guide for teaching science as
inquiry was released four years later which provided powerful guidance for teaching scientific inquiry
(NRC, 2000) in ways that portrayed science-as-practice. These groundbreaking documents sought to
synthesize and translate the progress in scholarship into the educational setting and science classrooms.
However, the impacts of these efforts were unimpressive: teachers were still relying on instruction that
continued to portray scientific knowledge as straightforward and following the scientific method (NRC,
2007). Studies continued to confirm that students view scientific knowledge as fact rather than as testable,
problematic, and revisable (Smith et al., 2000; Smith & Wenk, 2006).

Activities that presented science as unproblematic and without struggle continued to pervade

science classrooms (Banilower et al., 2006; NRC, 2006; Roth & Garnier, 2007), and students' naive
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notions about science as facts and scientific method remained largely unchallenged (Duschl & Bybee,
2014). The depth, focus, and rigor of the scientific discipline were largely lacking in classrooms (Duschl,
2008; Fulmer et al., 2018). In 2009, the Carnegie Corporation published a report entitled “The
Opportunity Equation,” which argued that science, technology, and mathematics are the “engine of
democracy” and that the health and transformation of a country requires a working knowledge of the
disciplines (Carnegie Corporation of New York, 2009). As with previous efforts, the NGSS was born
from enduring concerns about the level of science literacy fostered in science classrooms (Ames, 2014).
The NGSS and the Need for a Shift in Science Teaching and Learning

According to Hodson (2011), a science education that prepares students to be scientifically
literate adults includes four major elements: a) learning the conceptual ideas of science, b) understanding
the complex nature of science, ¢) engaging in the practices of scientific inquiry and scientific problem
solving, and d) engaging in sociopolitical action by applying scientific perspectives to matters of real-
world social, economic, environmental and ethical concern (McFarlane, 2013).

Standards define learning goals in terms of content and abilities (Bybee, 2014). Standards also
specify when these content and abilities should be learned and to what level of complexity (De Lucchi &
Malone, 2011). While not prescriptions for instruction or curriculum (National Governors Association
Center for Best Practices and Council of Chief State School Officers, 2010; NGSS Lead States, 2013),
standards have implications for what gets taught and how that content is taught. Student learning is
thought to be a product of three interrelating factors: (a) teacher knowledge and skills, (b) learning
expectations or content to be learned, and (c) student engagement with that content (Cohen et al., 2003).
For standards to raise student achievement, an increase in expectation for student learning must be
accompanied by an increase in teacher knowledge and skills, as well as an increase in student engagement
with the new content (Bybee, 2013).

To raise science achievement and literacy, the development of the NGSS began with private
funding from the Carnegie Foundation to assemble a diverse committee of 18 experts and stakeholders in

science education (Bybee, 2014). Led by the National Academy of Sciences (NAS) and in partnership
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with the American Association for the Advancement of Science (AAAS), the National Science Teachers
Association (NSTA), and Achieve, Inc., the committee’s charge was to articulate what students needed to
know and demonstrate to be considered scientifically literate, which resulted in the framing document: A
Framework for K—12 Science Education (NRC, 2012). Using the Framework as a guide, twenty-six
states—which were collectively referred to as the NGSS Lead States—jointly collaborated in a process
facilitated by Achieve Inc. to develop specific grade-level standards based on the Framework. The
standards for the NGSS are referred to as the Performance Expectations (PES). In summary, while the
NSSS represented concrete statements for assessing science proficiency, the Framework embodied the
vision for science education for the twenty-first-century schools and classrooms (Bybee, 2014; Pruitt,
2014).

The NGSS sought to evade two issues with previous national science standards. The first issue
comes from how states interpreted national standards. While research-informed framework documents
such as Benchmarks (AAAS, 1993) and NSES (NRC, 1996) called for integrating science content and
practices in the classroom, virtually all states separated content and inquiry practices in their standards
and assessments and instruction largely emphasized content knowledge in student learning. The NGSS
was by contrast designed to be adopted directly rather than reinterpreted by states (Pruitt, 2014). The
second issue with previous national science standards was that although the standards clarified the
meaning of science inquiry instruction, educators continued to conflate inquiry with naive or reductivist
versions of science such as the scientific method (NRC, 2007). Thus, in addition to being designed for
direct adoption, the revised language in the NGSS was designed to encourage a common professional
language around science education across states (NRC, 2012; Osborne, 2014; Rénnebeck et al., 2016).

For students, the NGSS sought to increase coherence, focus, and rigor in science learning (Fulmer
et al., 2018). Most students in their K-12 education do not experience a science education that is
coherently organized over multiple years, that emphasizes depth over breadth, and that reflects “how
science is done” (NRC, 2012, p. 1). The proposed solution to these challenges was to focus science

education on three categories of science education that are believed to reflect the fundamental dimensions
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of the scientific field: scientific practices, crosscutting concepts, and a powerful but small set of scientific
core ideas that could be used to explain the majority of phenomena in the natural world. These three
dimensions of science are formally referred to as the Science and Engineering Practices (SEPs), the
Crosscutting Concepts (CCCs), and the Disciplinary Core Ideas (DCIs) (Krajcik et al., 2014).
The Conceptual Shifts of the NGSS

The appendix of the NGSS outlines six conceptual shifts that distinguish the NGSS from previous
national science standards (NGSS Lead States, 2016). Building on these conceptual shifts, the Primary
Evaluation of Essential Criteria for NGSS Instructional Materials Design (PEEC) clarifies “what is truly
innovative in the NGSS” (Achieve, 2017). Drawing from both the NGSS and PEEC documents, the
NGSS innovations can be summarized as the following:

1. Phenomena and Problems: Making sense of phenomena or designing solutions to
problems drives student learning.

2. Three-Dimensional Learning: Student engagement in making sense of phenomena and
designing solutions to problems requires student performances that integrate grade-
appropriate elements of the SEPs, CCCs, and DCls in instruction and assessment.

3. Learning Progression: Students’ three-dimensional learning experiences are designed
and coordinated over time to ensure students build an understanding of all three
dimensions of the standards, nature of science concepts, and engineering as expected by
the standards

4. Connection to CCSS: Students engage in learning experiences with explicit connections
to and alignment with English language arts (ELA) and mathematics.

5. Depth Over Breadth: Students focus on a deeper understanding of content.

6. Equity: Science instructional materials support equitable access to science education for

all students.
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The Three Dimensions of the NGSS

I began this chapter illustrating the need for science literacy and how the NGSS seeks to address
gaps in science education and student outcomes in science through an approach to teaching and learning
that is reflective of how science is practiced in the real world: three-dimensional learning. In the
following three sections, I discuss the nature and distinguishing features of each of the three dimensions
that represent the learning goals necessary for science literacy.

Scientific and Engineering Practices (SEPSs)

The SEPs are a set of eight practices that describe the range of activities, discourses, and critical
thinking of scientists (NRC, 2012). The eight practices are: (a) asking questions and defining problems,
(b) developing and using models, (c) planning and carrying out investigations, (d) analyzing and
interpreting data, (e) using mathematics and computational thinking, (f) engaging in argument from
evidence, and (g) obtaining, evaluating, and communicating information. The practices are each distinct
but not mutually exclusive. Similarities between practices are intentional as they illustrate that scientific
inquiries often involve multiple practices that link together in logical but nonlinear ways (Moulding et al.,
2015).

SEPs Address the Shortcomings of Inquiry and the Scientific Method. While the National
Science Education Standards (NSES) emphasized inquiry as central to how students should learn science,
the inquiry standards were emphasized separately from science content standards, which led to an
emphasis on “hands-on science” at the expense of the sensemaking and dialogic aspects of science (NRC,
2007; NRC, 2008; NRC, 2012; Reiser, 2013). Windschitl et al. (2008) outlined four specific problems
related to the way the scientific method is used in classrooms. The first problem is that the question is
typically provided to students by the teacher; students rarely develop inquiries related to scientific ideas,
concepts, principles, laws, or models. The second problem is that the scientific method promotes the idea
that direct experimentation is the only method of generating data and scientific knowledge. The third
problem with teaching science as the scientific method is that students may describe relationships

between experimental variables but rarely develop the underlying scientific explanations and evidence-



24

based arguments for why natural phenomena occur. The fourth problem is that the scientific method
presents science as a linear and unproblematic process. An overemphasis on a technical procedure of
science leads to students viewing science as a process rather than a way of thinking (Duschl & Bybee,
2014; Windschitl et al., 2008).

The SEPs elaborate on previous notions inquiry and the scientific method by specifying how
scientists engage in the work of scientific inquiry and how scientific activities connect to knowledge
building in science. Instead of being characterized as a particular method or inquiry, science is more
accurately portrayed as an interconnected set of practices that span across three spheres of activities:
empirical investigation, argumentation and evaluation, and developing explanations (NRC, 2012), as
shown in Figure 1. In contrast to the linear process of the scientific method, scientists move fluidly and
iteratively among these three spheres of activities. By articulating the activities of scientists as a set of
interconnected “practices” across three categories, the SEPs stress that scientific inquiry in the classroom
requires not just empirical investigations, but also scientific knowledge building, discourse, and
argumentation (NRC, 2012; Reiser 2013; Schwarz et al., 2017).

Figure 1

The Three Spheres of Activity for Scientists and Engineers
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Note. Adapted from NRC (2012) and Reiser (2013)

While the eight SEPs encompass the range of scientific activities, confusion can arise in terms of
how the practices are connected or related to one another. McNeill et al. (2015) suggested that the SEPs
can be grouped into three categories of practices: investigating practices, sensemaking practices, and
critiquing practices as seen in Figure 2. While other groupings are possible, presenting the SEPs in this
way can promote a more integrated view of the science practices (McNeill et al., 2015).

Figure 2

Grouping the Eight Science Practices into Investigating, Sensemaking, and Critiquing Practices

Investigating Practices Sensemaking practices Critiquing practices
1. Asking Questions 2. Developing and Using Models | 7. Engaging in Argument from
Evidence

3. Planning and Carrying Out 4. Analyzing and Interpreting
Investigations Data 8. Obtaining, Evaluating, and
Communicating Information
5. Using Mathematics and 6. Constructing Explanations
Computational Thinking

Note. From McNeill et al. (2015)

SEPs as Procedural Knowledge. The SEPs represent the suite of methods scientists use to
construct and refine scientific knowledge, interact with the scientific community, and ensure that their
findings are valuable and reliable (Duschl, 2011). As standards, the SEPs are expectations for students
and not instructions or prescriptions for the science teacher (NGSS Lead States, 2013). In order to do
science, students need to learn not just the mechanics of each practice but also when a practice is useful
(Schwarz et al., 2017). While the teacher may initially take the lead on making decisions about what
practices to engage in and how to carry out the practice, this scaffolding should ultimately be removed
over time so that students increasingly take responsibility for the practices (Furtak et al., 2012).
Developing this knowledge also requires opportunities for students to reflect on what the practices entail

and how the practices contribute to the goal of the scientific activity (Schwarz et al., 2017).
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SEPs as Epistemic Knowledge. In their role of representing current understandings about the
nature of science, the eight practices are sometimes clustered into three sets of practices that represent the
three spheres of scientific activity: (a) investigating, (b) sensemaking and modeling, and (c) evaluating
and critiquing (McNeill et al., 2016; NRC, 2012). These three interrelated spheres of scientific activity
serve to connect the three often-separate images of science (Duschl, 2011): (a) science as hypothesis
testing, (2) science as model building and revising explanations, (3) and science as theory change.
Together, the eight practices represent what students must be able to do in science as well as an
understanding of how scientific knowledge is constructed and often revised — in other words, the SEPs
both procedural and epistemic knowledge that students are expected to acquire. epistemic knowledge is
knowledge about the various sets of criteria, rules, and values held in the sciences that define what counts
(Duschl, 2011).

Crosscutting Concepts (CCCs)

The explicit integration of the CCCs into science standards represents one of the most ambitious
aims of the new standards (Fick et al., 2019). While unifying themes have been included in previous
science standards (NRC, 1996), these themes were implicit and not used by students as tools for
reasoning, sense-making, and making connections. The role of the CCCs has been largely ignored,
undervalued, or dismissed in standards and the classroom (Osborne et al., 2018; Rehmat et al., 2019). As
a third dimension within the NGSS, students are now expected to use these crosscutting themes when
reading, writing, and reasoning in science (Moulding et al., 2015).

The CCCs can be seen as learning tools of scientific inquiry (Anderson et al., 2019). They
represent the linguistic and “logical thinking tools” that can enable student students to understand the
natural world as scientists do (De Poorter et al., 2017; NRC, 2012; Schmidt et al., 2011); they can also
represent how scientific knowledge and claims can be constructed, vetted, and validated (Duschl, 2012).
To be considered a CCC in the NGSS, the concept must be sufficiently broad and useful across the four

domains of science. In other words, while each CCC stands alone, the pattern of reasoning represented by
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each CCC occurs in virtually all areas of science, natural phenomena, and engineered systems (Duschl,
2012; NRC, 2012).
The Framework specifies seven CCCs as learning goals for students:

1. Patterns

2. Cause and Effect

3. Scale, Proportion, and Quantity

4. Systems and System Models

5. Energy and Matter

6. Structure and Function

7. Stability and Change

Due to the novelty of the CCCs in science standards, the role of the CCCs in science teaching and
learning is admittedly hypothetical. Much of the promise of the CCCs for science learning are still
currently grounded in theoretical conjectures and has yet to be tested (Fick, 2018). The claim that the
CCCs have the potential to support students in bridging the disciplines of science (NRC, 2012) has
garnered confusion and criticism (Fulmer et al., 2018; Osborne et al., 2018). To address the need for more
robust and coordinated knowledge about the CCCs, scholars have proposed different ways to
conceptualize the nature, role, and function of the CCCs (Cooper, 2020). The following are examples of
the progress made in the CCC research.

CCCs as Epistemic Heuristics. One important and immediate value of CCCs is their ability to
highlight different aspects of phenomena. By examining phenomena through different lenses, students can
develop a fuller picture and a deeper understanding of why phenomena occur (Fick et al., 2019). The
Framework originally proposed that Patterns, Cause and Effect, and Systems were primary CCCs that
could serve or organize the seven CCC. Rehmat et al. (2019) refined on that model offering a more
complete picture of how the CCCs can operate in science learning as seen in Figure 3. According to the
model, all phenomena can be characterized as a system (the overarching CCC). Within a natural or

defined system, scientists seek to explain cause and effect relationships, which requires proposing a
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mechanism involving energy, matter, structures, and functions. These relationships can be established
through patterns in data and observations, which are refined through reasoning about scale, quantity,
proportions, and stability and change in the system. Moulding et al. (2015) also offer a different but
similar organization of the CCCs. With a heuristic framework to support scientific reasoning, students
have a roadmap for engaging in scientific inquiries and can ultimately seek answers to the three
fundamental questions of science across all phenomena and designed systems (NRC, 2012; Osborne et al,
2018): a) what exists, (b) why it happens, and ¢) how we know.

Figure 3

A Proposed Interrelationship of the Crosscutting Concepts (Rehmat et al., 2019)

o

e SYSTEMS AND SYSTEM MODELS i e

o What exists? Why does it happen? R
ll.ﬁ’ _‘——-\.__‘H ' .‘
.l; (" . b
k “ause and v
/ Patterns 1
! Effect \
II II
| - |
I'l How do we know? .'I
i r
1 [
N Stability and Energy and
k Change Matter
Scale, Structure and
X Quantity, and Function o
s Proportion -

CCCs as Epistemic Knowledge. In addition to being able to use the CCCs in constructing ideas
about phenomena, students are expected to develop knowledge about the nature and function of the CCCs
in science (NRC, 2012). In addition to serving as cognitive tools, the CCCs represent linguistic and

epistemic criteria involved in constructing and legitimizing scientific claims to knowledge (Anderson et
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al., 2019; Rivet et al., 2016). The Framework is explicit about how the nature of science is embedded in
both the SEPs as well as the CCCs. Fick et al. (2019) proposed a set of ways that students might
demonstrate increasing sophistication of understanding and use of the CCCs in science learning.
According to this model, students who demonstrate an understanding of the CCCs may be able to a)
background and foreground particular CCCs as appropriate for the task, phenomenon, or goal of the
investigation, b) reason about the similarities and differences of particular CCCs across disciplines or
phenomena, c) use particular CCCs in combination with SEPs (and DCls) to make sense of phenomena,
and d) recognize and reason about the interplay between the CCCs and culturally different ways of
knowing and approaching science or problems. While the CCCs should generally not be taught separately
from the other dimension or separately from sense-making about a phenomenon, these four defined
interim student learning goals for the CCCs offer concrete ways to assess student progress along this
dimension as well as specific strategies that the teacher can use to support students in making progress
with this dimension.

CCCs Increase Cognitive Demand by Bridging Content and Practices. In the science
classroom, students can frequently engage in activities that teach scientific content and practices
separately or in superficial ways. The CCCs can be conceptualized as the missing bridge between content
and practice that can foster deeper learning and scientific reasoning (NRC, 2012). For example, Fick et al.
(2019) found that students could engage in activities using scientific modeling practices and learning
about the role of water on Earth’s surfaces; however, when students were not guided to reason about
inputs and outputs in their models (CCC of systems), students were less successful in their explanations in
demonstrating a deeper understanding of the principle of conservation of matter. In another example, De
Poorter et al. (2017) illustrated how the classic physics “electric train” investigation (i.e. a magnet-battery
system moving through a long copper coil) can easily be downgraded into a simple demonstration without
prompting students to reason about the CCC of patterns in different configurations and their relationship

to concepts about electricity and magnetism.
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Due to their potential for connecting DCIs and SEPs in science learning, the CCCs can function
as a key to three-dimensional learning and deepen science learning and understanding (NRC, 2012).
Classroom studies show that when students are not encouraged to explicitly use the CCCs in their
explanations of phenomena, students struggle to reason about the more complex aspects of phenomena
and scientific concepts (Fick, 2018; Jin & Anderson, 2012). Tekkumru-Kisa et al. (2015) developed a
more formal task analysis guide to show how tasks that more fully integrate content and practice result in
greater cognitive demand for students in science. Tasks that are more cognitively demanding are not
necessarily more difficult or less accessible to students. Contrarily, the CCCs elevate the demands for
students but simultaneously serve as familiar touchstones or access points at which students can begin to
structure their thinking about natural phenomena scientifically and productively (Lee et al., 2013;
Moulding et al., 2015; NRC, 2012).

CCCs as Access to Discursive Practice in Science. An important theme of the Framework and
the NGSS has been an emphasis on broadening access to science learning in the K-12 classroom. To this
end, the Framework takes a sociocultural approach to science learning that is more inclusive of students’
strengths and backgrounds as opposed to a purely cognitive approach (Anderson et al., 2019; Danish &
Gresalfi, 2018; Rehmat et al., 2019). Knowing that learning is a social process (NRC, 2008), the CCC
serves an important role in learning through science talk and discourses in the classroom (Fick et al.,
2019). For example, the CCCs can operate as “rules of grammar” that enable students to identify
scientific and unscientific statements they encounter in the science classroom (Anderson et al., 2019). As
a set of linguistic features for scientific discourse, the CCCs represent a shared agreement on a particular
way of thinking that aligns with the conventional epistemic values of a scientific community. Without
some shared functional set of epistemic and linguistic principles, communities such as the science
classroom will likely struggle to interact productively and construct disciplinary knowledge (Anderson et
al., 2019; Oshorne et al., 2018).

The idea of learning as language acquisition is not new and is closely tied to identity

development. Gee (1999) suggests that students enter the classroom with a set of primary or everyday
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discourses and, through learning, develop fluencies with secondary discourses, such as the disciplinary
discourse of science. From this perspective, the science classroom is a discourse community and science
learning is about learning how to interact and engage productively within that scientific community (Duff,
2010). As students develop the ability to participate in increasingly sophisticated scientific discourses,
they are more likely to see themselves as individuals that can competently engage with scientific ideas in
various spheres of their lives. This sense of competency in engaging with a topic or subject is what Brown
et al. (2005) refer to as “discursive identities.” The goal of the science classroom is not for students to
replace everyday discourses or identities with scientific ones, but rather to develop different tools for
different communicative purposes (Gonzalez et al., 2005; Lee et al., 2013). In this view, the scientifically
literate adult can be seen as "scientifically bilingual” or “scientifically multilingual” as they can activate
the capacity to engage productively in different discursive spaces, which include the science-related
communities (Anderson et al, 2019; Gee, 1999; Lave & Wenger, 1991). Functional understanding and
fluency with the CCCs are likely to equip students with the tools to engage with discourse communities
(Duff, 2010) beyond the science classroom, such as their families, work, neighborhoods, and other social
networks.

The CCCs also serve as one way to make scientific discourses more accessible to students.
Students often enter the science classroom with intuitive ideas about phenomena and how the world
works that involve reasoning related to the CCCs (Bransford et al, 2000; Chi et al., 1994; Gentner &
Stevens, 1983; NRC, 2007; Vosniadou & Brewer, 1992). Because of their broad and intuitive nature, the
CCCs serve a particular and intentional role in expanding and legitimizing multiple sense-making
repertoires that students are likely to bring into the classroom as students work towards greater fluency
with disciplinary discourses (Lee et al., 2013; Rehmat et al., 2019). For example, students can readily use
the CCCs to ask scientific questions about the different aspects of new phenomena that they encounter,
look for meaningful patterns, and develop initial ideas about underlying causes (DePoorter et al., 2017).
When prompted to use the CCCs flexibly across classroom-based and everyday phenomena, the CCCs

can expand the number of access points for students in bridging the ideas of science to their everyday
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world. The CCCs enable students to draw upon and prior understandings and diverse funds of knowledge
(Moll et al. 1992) to make sense of unfamiliar phenomena and situations in science inside and beyond the
classroom. When treating students’ linguistic, cultural, experiential resources as strengths rather than
deficits, students are more likely to engage productively in disciplinary discourses about science in the
classroom (Moje et al., 2004).

Disciplinary Core Ideas (DCIs)

Science concepts had to meet at least two of the following four criteria for inclusion as a DCI in
the NGSS (NGSS Lead States, 2013):

1. Have broad importance across multiple sciences or engineering disciplines or be a key
organizing principle of a single discipline.

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

3. Relate to the interests and life experiences of students or be connected to societal or
personal concerns that require scientific or technical knowledge.

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

Using this process, DCIs were identified for all the four domains of science as specified by the
Framework: physical sciences, life sciences, earth and space sciences, and engineering, technology, and
applications of science (NRC, 2012). The thirteen DCls organized by domains are shown in Table 1. Each
DCl is further broken down into two to five sub-ideas that further specify the content elements that
students are expected to know within each DCI (NGSS Lead States, 2013). To increase the rigor of
content, elements of each core idea were parsed and specified for each grade band. Students are expected

to develop deeper understandings of each core idea across K-12.
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Disciplinary Core ldeas (DCls) of the Next Generation Science Standards (NGSS)

Life Science

Physical Science

LS1: From Molecules to Organisms: Structures
and Processes

LS2: Ecosystems: Interactions, Energy, and
Dynamics

LS3: Heredity: Inheritance and Variation of Traits

LS4: Biological Evolution: Unity and Diversity

PS1: Matter and Its Interactions

PS2: Motion and Stability: Forces and Interactions
PS3: Energy

PS4: Waves and Their Applications in
Technologies for Information Transfer

Earth and Space Science

Engineering, Technology, and the Application of

Science

ESS1: Earth’s Place in the Universe
ESS2: Earth’s Systems
ESS3: Earth and Human Activity

ETS1: Engineering Design

Note. Disciplinary ideas are grouped into four domains: PS = physical sciences; LS = life sciences; ESS =

earth and space sciences; and ETS = engineering, technology, and applications of science.

The distillation of scientific concepts into DCls serves several purposes. First, DCls were

intended to be a selective set of concepts, laws, theories, and principles that are considered to be useful to

students for explaining a broad range of science phenomena and approaching engineering design

problems (NGSS, 2013; Moulding et al., 2015). In this sense, they are a set of intellectual tools. Second,

the limited set of core ideas were intended to provide increased time or opportunities for students to

engage in a deeper understanding of these ideas in science by applying them to investigate and explain

diverse phenomena. Third, the DClIs are designed to increase in sophistication in each grade band—

namely across Grades K-2, 3-5, 6-8, and 9-12. The standards also specify the level of complexity and

understanding expected at each level, as well as the boundaries by indicating which aspects of the core

idea may be more appropriate at a higher grade level. Adjustments to when particular ideas are taught

were made to reflect new understandings of science learning progressions (Duncan & Rivet, 2013;
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Krajcik et al., 2016; NRC, 2007). While students can be expected to use DCI elements below the grade
band, the majority of instructional time should be dedicated to developing the target grade-band elements.
Lastly, the DCIs were not intended to be learned separately from the other dimensions. Student
performances with the DCI should be tied to the other dimensions. A teacher should not, for example,
have students learn about kinetic energy and then follow a step-by-step experiment simply to demonstrate
that scientific concept (Krajcik et al., 2016). Since the NSES was published in 1996, updates to the
content standard were needed to reflect the new scientific understandings about the natural world. For
example, the effects of global climate change were added as a central component to the core idea of Earth
and Human Activity (Krajcik et al., 2016).

A deep understanding of the limited set of DCls arguably represents what it means to have expert
knowledge in the subject of science (Cooper et al., 2017; NRC, 2000; Willingham, 2009). Whereas
experts tend to conceptualize phenomena and new scientific ideas in terms of a set of connected core
ideas, novices will tend to see pieces of scientific information as separate facts and topics. A meaningful
implication of the DCIs is that instruction should move away from a topical and fragmented treatment and
coverage of content. Instruction should instead return to and make connections to the core ideas as often
as possible to strengthen the connections and help students develop a coherent and sophisticated
understanding of the discipline (Cooper et al., 2017; NRC, 2000). Learning a set of powerful ideas to this
depth will enhance students’ ability to use this knowledge as needed throughout their lives in making
civic and personal decisions, and for some, in future learning or for careers (Krajcik et al., 2016).

While the DCIs may look similar to previous science content standards, an important difference is
in the way the standards are framed to illustrate productive and meaningful connections between
concepts. As an example, the NSES (NRC, 1996) emphasized that idea that energy can take many forms
(eg. light, kinetic, potential). While the idea that energy can take different forms is important in science,
the reason why this idea is important is not explicit in the standard. By contrast, the corresponding DCls
stresses that “interactions of objects can be explained and predicted” as energy changes forms (NRC

2012, p. 120). While previous standards emphasized a descriptive understanding of energy, the DCls
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encourage a deeper understanding through connecting core ideas, which can result in students having a
deeper understanding of science concepts and increase their capacity to apply that understanding within
and beyond the classroom (Krajcik et al., 2016).
Science Teaching and Learning with the NGSS

Realizing the shortcoming of previous national standards and guidelines for inquiry teaching, the
Framework and NGSS sought to clarify what “good” science instruction and learning looks like, and
operationalized this clarification through the three-dimensional vision of science teaching and learning
that is directly embedded into the standards themselves. Standards define the expected outcomes for
student learning, and therefore have implications for what and how content is taught. Neither the NGSS
nor the Framework contains the exact blueprints and specifications for teaching, however, the documents
together suggest non-negotiable parameters for science teaching and learning that are believed to be
consistent with the new vision of science education (NGSS Lead States, 2013).
Teaching Science as Inquiry

Traditional approaches to science run counter to what researchers know about how students learn
science. Persistent but untenable beliefs about how students learn in science include that: 1) students
should learn facts and ideas first before practices, 2) students should learn ideas and practices separately,
then learn to apply them together, 3) integrating content and practice is very advanced thinking, 4)
application of scientific ideas is something only some advanced students need to be able to do (NRC,
2007; NRC, 2008). An overemphasis on content in standards, state assessment, and science instruction
has led to a form of science learning that is reliant on textbooks, with too few opportunities to engage in
critical thinking, evaluate competing explanations or design experiments and solutions to practical
problems (Banilower et al. 2013).

The Inquiry and the National Science Education Standards (NRC, 2000), a companion volume to
the NSES, attempted to translate the research synthesis into clear guidelines for science teaching. The
document elaborates on the definition of “inquiry” by describing scientific inquiry as having five essential

features:
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1. Learners are engaged by scientifically oriented questions.

2. Learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically oriented questions.

3. Learners formulate explanations from evidence to address scientifically oriented
questions.

4. Learners evaluate their explanations in light of alternative explanations, particularly those
reflecting scientific understanding

5. Learners communicate and justify their proposed explanations.

Well-structured investigations and sustained scientific inquiries can transform students’ views
about science, and support students in developing more sophisticated understandings about science and
the nature of scientific injury (Lehrer et al., 2008). However, even with national guidelines for inquiry,
science teaching and learning in the twenty-first century have not reflected the advances research (NRC,
2007; NRC, 2008). Asay and Orgill (2010) found that between 1998 to 2007, the majority of submitted
lessons and teaching articles in a popular science teaching magazine seldom asked students to engage in
sense-making aspects of scientific inquiry. While gathering evidence and analyzing data were present in
81% and 64% of the articles respectively, the sense-making features of inquiry such as explaining the data
(24%), connecting investigations to scientific concepts (19%), and communicating reasoning (11%) were
largely underrepresented in typical science activities. Only three of the 248 articles addressed all the
essential features of inquiry. With the assumption that the lessons and activities being submitted
represented what authors considered as worthwhile and even exemplary classroom practice, these
findings suggest that practicing teachers’ view of inquiry reflected an unbalanced emphasis on the hands-
on aspects of science at the expense of the sense-making aspects of scientific inquiry.

Teaching Science Through Phenomena

Teaching science through scientific phenomena features prominently in the NGSS and

Framework. Previous guidelines for classroom science inquiry encouraged the use of scientific evidence

to explain scientific questions (NRC, 2000) but did not emphasize a clear context or purpose for those
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activities. Given that the goal of science is often to explain phenomena in the natural world (NRC, 2012),
the NGSS more prominently features the central role that phenomena should play in science learning.
Science activities and investigations that lack explicit focus on explaining scientific phenomena often lead
to learning content separately from practice. This type of learning is generally unnecessarily disjointed,
confusing from the students’ perspective, teacher-centered, and leads to superficial learning in science
(NRC, 2007; NRC, 2008). Learning of that is incoherent from the students’ perspective is sometimes
referred to as “doing school” rather than “doing science” and often leaves students in the dark about the
purpose of what they are doing and what they will be doing next (Pope, 2001; Ford & Wargo, 2012;
Windschitl, 2019). Typical science instruction where teachers control the content, discussion, ideas, and
decisions about what to do next can result in students learning about science without fully developing
understandings of scientific ideas and practice, as well as the nature of science and its applications beyond
the classroom.

Focusing science instruction and learning on the goal of developing explanatory accounts of
phenomena provides a more meaningful purpose for students to engage in science learning. Students are
more likely to see the reasons for a science activity when they are aware of the fact that what they figure
out needs to connect somehow to explaining how and why something happens in the natural world
(Penuel & Reiser, 2018). For phenomena to motivate scientific inquiry and learning, the phenomena need
to lead students to be sufficiently puzzled by what is happening and why it is happening. When
phenomena are too easily explained, students do not have to interact with the phenomenon through
practices or develop important scientific ideas necessary to explain the phenomena. Therefore,
phenomena that are useful for science teaching and learning require a level of complexity or productive
uncertainty (Foster, 2011) such that they are worth investigating.

Making sense of ambiguous phenomena usually requires that students develop and use scientific
practices, core ideas, and crosscutting concepts together to arrive at relevant conclusions about the
phenomena. In other words, phenomena provide a meaningful context for three-dimensional learning.

There is a subtle difference between how phenomena may have been used in inquiry instruction in the
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past. Teaching science using “discrepant events” involved presenting phenomena to challenge students’
preconceptions. However, these discrepant events were often taught as isolated activities with the primary
goal of getting students to acquire a science concept (Furtak & Penuel, 2018). With the NGSS,
phenomena serve a broader and more purposeful role in science instruction and learning: (a) focusing the
learning on explaining phenomena requires students not just to acquire but also to apply scientific ideas to
explanations of the natural world; (b) focusing instruction on explaining phenomena requires students to
develop scientific ideas through engaging in scientific practices and reasoning with core ideas and
crosscutting concepts (three-dimensional learning); (c) instruction anchored around explaining a complex
phenomenon supports the student in seeing the connections across important scientific ideas developed
throughout lessons and activities (Lowell & McNeill, 2019; Moulding & Bybee, 2017; NGSS Lead
States, 2013). In general, the shift to teaching science through phenomena improves upon previous
inquiry guidelines by elevating the importance of sense-making features of inquiry, providing a clearer
purpose and context for scientific engagement, and supporting students in seeing connections across
scientific ideas developed throughout instruction (Penuel & Reiser, 2018).
Teaching Science Through the Three Dimensions

Three-dimensional science teaching raises both the expectation of increased cognitive demands
and epistemic agency on students. The vision of science education as described in the Framework is one
where the students learn science through the practices of science as reflected in the real world— that is, as
both knowers and doers of science (NRC, 2012). That students should take an active role in knowledge
construction in the science classroom is central to the vision of the NGSS and Framework (Miller et al.,
2018). Engle and Conant (2002) describe this type of learning where students are “doing science” as
reflected in the real world as “productive disciplinary engagement.” With the NGSS, productive
disciplinary engagement occurs in the form of three-dimensional learning (Anderson et al., 2018;
Kawasaki & Sandoval, 2019; Lee et al., 2013)— that is, students seeking to explain natural phenomena

through practices, core ideas, and crosscutting concepts.
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Three-dimensional learning, the purposeful and integrated use of content and practices to develop
explanations of phenomena, is also commonly referred to as “figuring out” or "sense-making" with the
NGSS (Penuel & Reiser, 2018). These terms point to the expectation that science learning with the NGSS
should increasingly involve rigorous disciplinary reasoning as opposed to the passive memorization of
science facts (Bowers et al., 2019). Odden & Russ (2018) define sense-making as the process of building
towards an explanation to resolve a perceived gap or conflict in knowledge. When teachers establish the
necessary conditions for productive disciplinary engagement (Engle & Conant, 2002)— i.e.
problematizing content, giving students authority, holding students accountable to others and disciplinary
norms, and providing relevant resources — and expect that students consistently engage in three-
dimensional performances, science learning becomes less about receiving facts and more about creating
new knowledge about the natural world (Manz, 2015; McNeill & Berland, 2017). The science classroom
becomes a site where classroom-based and community-driven knowledge is actively and continuously
being developed.

The shift from teaching science through inquiry to teaching science through phenomena
ultimately disrupts the typical locus of control in the classroom. However, the importance of developing
students’ epistemic agency goes beyond science learning. Miller et al. (2018) argue that an overly
teacher-centered science classroom can result in “epistemic injustices” in which students no longer
perceive themselves as capable knowers or reasoners in science resulting in a loss of intellectual courage.
Science, at least in part, involves constructing new knowledge. When we consistently recognize students’
ideas and sense-making processes, we can furnish students not just with the ideas or products of science,
but also with the attitudes and sense of agency necessary to strengthen public and community discourses
of science beyond the classroom. To that effect, Miller et al. (2018) proposed four ways that science
teachers can position students with greater epistemic agency: (a) using students’ prior knowledge and
ideas as resources, (b) requiring students build knowledge in the science classroom (not just learn about
science), (c) requiring students build knowledge about something they feel is useful, (d) using

instructional routines and structures that scaffold (focus and support) student actions. The NGSS and
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Framework are clear that the three dimensions are descriptions about what students proficient in science
can do independently by the end of instruction (NGSS Lead States, 2013; NRC, 2012). In this way, the
standards position students for increasing epistemic agency in each year of their K-12 education. To
achieve this, teachers will need scaffolded science instruction purposefully so that students take
increasing responsibility for the practices and build towards becoming more independent knowledge-
makers or epistemic agents in the classroom.

Teaching for Relevance and Equitable Participation

The NGSS differed from previous national science standards in that the issues of equity were
made more visible. Rodriguez (2015) noted that the Framework acknowledged the role of language,
context, social, historical, and institutional factors that obstruct student learning in the US today. Students
enter the classroom from different backgrounds, communities, and cultures with diverse sense-making
practices of knowledge-building values. Likewise, scientists enter and engage with their profession with
their diverse worldviews and perspectives largely intact (NRC, 2012). However, science has traditionally
been taught as decontextualized and mono-cultural, which can lead to a devaluing of diversity and
marginalization of students from science (Bang et al., 2012). The implications for teachers was the need
to understand, acknowledge, and leverage students’ everyday experiences and sense-making practices and
pursue rather than eschew community-based learning and the human (e.g. social, political, cultural) issues
that surround them. According to Rodrgiuez (2015), the Framework’s stance on science education has
much in common with sociotransformative constructivism. Contextualizing science learning within the
communities and everyday experiences of students is a more inclusive form of instruction and allows
students to see the connections between science and their world.

In light of how much scientific knowledge about the natural world has and will continue to
transform the world, there is arguably a need for students to develop a sense of their identity and role in
relation to the knowledge-building practices of science as well as existing knowledge about the natural,
social, cultural, and the ever-changing world (Gee, 2011; Hawkins & Pea, 1987). Without sufficient

accessible and equitable opportunities and support in the classroom to negotiate a sense of competence,
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performance, and recognition as an individual who can participate in science communities and discourses,
a sense of science identity is unlikely to develop (Carlone & Johnson, 2007). Science education has been
the primary vehicle for supporting students in developing these literacies, and the accumulated evidence
is clear that direct-instructional approaches alone are insufficient for deep science learning (NRC, 2000).

Critical perspectives on science and science education have nominated a new version of science
in which science is shaped by critical interpretation as well as human values and social processes.

Aikenhead (2007) argued for the inclusion of Vision Il which represents a critical stance with a less

Eurocentric, more pluralistic perspective on science education, with insight into other indigenous or non
indigenous science traditions. In this view, the intentional or unintentional portrayal of science as the
primary means of knowledge construction is both false and misaligned with the goals of the Framework.
Approaches that teach science as the sole means of building and legitimizing knowledge represents
science as positivistic and can contribute to the disengagement with science for many groups of students
(Basu & Barton, 2006). Instead, science is more accurately portrayed as a particular way of knowing
among many other ways of knowing. Activating this particular lens may be useful for particular purposes,
and less productive in other contexts. In general, the aspiration is for students to have this way of
knowing at their disposal and the ability to know when to use it and when other perspectives are more
appropriate. Increasingly over the years, the scholarship on science education and science studies have
favored a sociocultural view of science in that it more accurately portrays the nature of the discipline and
potentially democratizes science in a way that more students can engage with it. The goal of derived
science literacy is intertwined with research on identities and discursive communities (Gee, 1991). The
plural is intentional. From this perspective, students develop multiple identities with different discursive
communities in the various contexts of their lives, including the science classroom. Thus the goal is to not
replace students’ views of the world with a scientific one but to support the development of an adjunctive
identity in which the student has confidence conversing and performing

The shift to using student funds of knowledge, everyday experiences, and diverse backgrounds

for science teaching necessarily takes time. Rodriguez (2015) noted that the Framework continued to
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emphasize that “less is more” is and that to accommodate deeper and more contextualized science
learning, science teaching needs to emphasize and leverage the limited set of core ideas (DCIs) rather
than requiring students to learn a mile-wide-inch-deep spread of disconnected science facts and concepts.
Teaching science for deep understanding (through a limited set of core ideas) also raises expectations for
teachers to deepen their science content knowledge (Santau et al., 2014) as well as knowledge of how to
teach so that students make these deep connections (Gess-Newsome et al., 2019). Teachers will also need
to establish the belief that all students can learn science at a high level (NRC, 2015). When combined
with the expectation that students learn science deeply for understanding and build connections between
science and their world, a less-is-more approach to teaching science is ultimately one that is more
accessible to all students (Rodriguez, 2015).
Teacher Change and the NGSS

Teachers' beliefs are connected to their science instructional practices. Bencze et al. (2006) found
that teachers’ beliefs about science broadly corresponded to their tendencies to control student knowledge
building or promote student-centered, open-ended scientific inquiries: teachers who opposed social
constructivist views tended to prefer tight control of student knowledge building procedures and
conclusions whereas teachers who opposed positivist views of science preferred constructivist approaches
to teaching. When teachers portray scientific knowledge and inquiry as unproblematic, students tend to
develop naive notions about science (Duschl & Bybee, 2014). To support inquiries that more accurately
portray the field and foster scientific reasoning and practices, teachers must possess knowledge and skills
that provide students scaffolded opportunities to develop a sense of epistemic agency (Lehrer & Schauble,
2002). Windschitl et al., (2012) proposed a set of high-leverage science teaching practices that clearly
articulate what meaningful and ambitious science instruction may look like in an NGSS-aligned
classroom. Nonetheless, simply defining what instruction should look like with the NGSS is insufficient;
substantial professional learning is needed for teachers to develop and master the instructional repertoire
for implementing a three-dimensional, science-as-practice version of teaching with regularity and

consistency in the actual classroom (Reiser, 2013).
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Professional development programs are generally designed to improve teacher beliefs, teacher
practices, and student outcomes (Guskey, 1986). However, substantive change in teaching practice is
challenging (Spillane et al., 2002), and even when teachers embrace a new doctrine of instruction, their
practices may not entirely align with those beliefs (Cohen, 1990). While often well-intentioned, new
policies and programs for educational improvement must be thought of as only one part of a
comprehensive redesign of the educational system. When poorly conceived, policies and standards have
the potential to do more harm than good (Reigeluth, 1997; Shoho & Woods, 2007).

In their study, Donnelly and Sadler (2009) found that typical approaches to professional
development wherein an expert visits the school and provides one-size-fits-all strategies, improving
instruction fails to respond to the diverse beliefs teachers have about standards and their teaching practice.
Professional development of this type frequently adopts a top-down approach where expert knowledge is
transmitted to teachers and is expected to be translated into practice (Ying, 2012). This deficit model of
teacher learning not only oversimplifies the teacher change process but portrays the educator as deficient
and passive in the development process. Models challenging this deficit view couched teacher learning in
professional reflective practices (Schén, 1987) and carved out teacher expertise as a distinct form of craft
knowledge (Grimmett & Mackinnon, 1992; Leinhardt, 1990; Shulman, 1987). The elevated role of
teaching to the level of profession owes much to the work of these scholars, but a concrete mechanism by
which teachers could improve in their teaching practice — and thereby, an understanding of how to
support teachers in their professional learning — was still missing.

Cohen (1990) argues that teachers are the most important agents of instructional policy. However,
not all teachers are receptive to educational innovations. Some embrace innovation and incorporate it into
their teaching, some discard it and return to their conventional practices, and others do not attempt it at all
(Lam et al., 2010). Studies have demonstrated that teachers are likely to persist in adopting new strategies
when they expect that they can succeed or when they experience success (Abrami et al., 2004; Gorozidis
& Papaioannou, 2014). The NGSS require an epistemic shift in the classroom (Berland et al., 2016;

Reiser, 2013). Yet for some teachers, this type of change can contradict years of science classroom
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experience (Kelly, 2000). Recent reports reveal that teachers find the NGSS difficult to implement and
that most teachers have not made the necessary shifts in their classrooms (Gao et al., 2018) At present,
NGSS represents a new vision for science learning for students including ambitious levels of content and
learning that focuses on that learning content through engagement with science and engineering practices.
However, a growing body of evidence signals that many schools and classrooms may be falling short of
that vision.

Studies have explored contextual factors that act as barriers to change. Allen and Penuel (2015)
found in their study that there are many barriers to the implementation of new teaching practices with the
NGSS. These barriers are referred to as “sources of ambiguity,” many of which are external to the
teacher. A prominent barrier involves conflicting institutional goals and the absence of measures eg. high-
stakes assessments. Teachers dismiss change when there are multiple competing initiatives within an
institution (school or district). Additionally, without clear measures, such as high-stakes assessments,
teachers feel less accountable for changing their practice. Overall, the coherence in messages that a
teacher receives from various sources within the institution appears to be an important factor in
motivating change in teachers’ practice. Additionally, the lack of resources in terms of curriculum and
supplies creates additional traction to instructional change. While these contextual factors help us to
partly understand the slow rate of change, many of these factors lie beyond most educators’ control.
Furthermore, challenges are still present even in schools and districts where these barriers are not present.

Despite many research efforts, we still do not know enough about how teachers shift in their
practice. One interesting factor that Allen and Penuel (2015) revealed in their study is that shifting
instructional practice requires sustained sensemaking and teacher learning. Some teachers persisted and
others failed to make the change. Some researchers have encouraged the perspective that educational
change at scales that matter involves paying greater attention to impacts, particularly in the domain of the
classroom. City et al. (2009) introduced the concept of the instructional core to an attempt to hone focus
on three elements that they believe to have the most immediate effect on student achievement: the level of

content that students are expected to learn (the content dimension), the students’ engagement with that
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content (the student dimension), and the teachers’ skills and knowledge (the teacher dimension). There is
a catch: increasing the level of any one element in the instructional core, requires increasing the level of
the other two. The model suggests that by raising the content expectations of students, we must also pay
due attention to the knowledge and skills of the teacher, as well as students’ engagement with that content
in the classroom. The NGSS are recognized as placing substantial and new demands on the science
educator (Pruitt, 2014). A study by Sandoval et al., (2016) showed that even after 30 total hours of
professional learning over 14 weeks, teachers’ practices still look like typical science teaching in
American schools. Without sufficient attention to these challenges and resulting demands on teacher
learning, the reforms efforts may fall short of its vision or intent; and in some cases, have the opposite
effect.

The Interconnected Model of Teacher Growth. Teaching that complies with the NGSS will
require substantial teacher learning. The interconnected model of teacher learning (Clarke &
Hollingsworth, 2002) offers advantages over previous models of teacher learning. The model skirts the
debate about whether teacher beliefs or practices come first in teacher learning and instead conceptualizes
teacher learning as an interactive network linking four domains involved in teacher change: (a) external
(e.g. resources, professional development), (b) personal (teachers’ cognition, beliefs, and knowledge
underlying practice), (c) practice (eg. teachers’ enactments in the classroom), and (d) consequence (salient
outcomes that teachers notice, identify, and recognize as valuable in their practice). Teacher change, or a
shift in any one of the domains, is mediated through two processes of teacher reflection and teacher
enactment that can occur across the four domains. This representation of the highly interactive nature of
teacher learning, grounded in reflection and enactment, was viewed as an improvement upon simpler
models that presented teacher learning as a relatively linear or linear-cyclical process (see Figure 4).

Another benefit of the interconnected model of teacher learning (Clarke & Hollingsworth, 2002)
is that it accommaodates both cognitive and situative perspectives of learning theory. From a cognitive
perspective, teacher growth concerns changes in content knowledge, pedagogical knowledge, and

pedagogical content knowledge (Shulman, 1987), which are represented in the personal domain of the
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interconnected model of teacher growth. In the model, practitioner knowledge can be negotiated through
both teaching practice and reflections on practice (Schon, 1987). The situative nature of teacher learning
is represented in the model as the teachers’ learning environment. A lack of insights into individual and
environmental factors involved in the process of teacher change is suspected as causes of unsuccessful
attempts to advance inquiry-based teaching (Guskey, 1986; Wee et al., 2007). The interconnected model
recognizes teachers as implementation agents and social sense-makers in light of educational changes
(Spillane et al., 2002). Personal, cognitive, social, and contextual factors ultimately shape the way
teachers make sense of new policy, and consequently, what they believe that policy means for their
practice.

Figure 4

Interconnected Model of Teacher Growth
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A third benefit of the interconnected model is that the model proposes a mechanism for teacher
growth informed by empirical evidence (Clarke & Hollingsworth, 2002). The model hypothesizes that
teacher growth is mediated by certain processes that occur across four teacher-related domains: teacher
knowledge and beliefs, teacher practice, salient outcomes, and external domain (i.e. external sources of
information or experiences for teacher learning). Teacher change often starts with a change in the external
domain, such as the teacher receiving information about a teaching strategy, the teacher attending a
workshop, or the teacher encountering a new set of science standards. While a simple change in teacher
beliefs, teacher practice, or classroom outcome are characterized by relatively straightforward paths from
the external domain to the other three domains, lasting change or teacher growth is characterized by
greater or stronger interactions between teacher belief and practice (Clarke & Hollingsworth, 2002).

According to the Interconnected Model of Teacher Growth (Clarke & Hollingsworth, 2002),
school context can have significant influence on a teacher’s professional growth. Certain factors in a
school environment can impinge on or facilitate teacher growth at various stages: access to professional
learning, restriction or support for participation in professional learning, encouragement or
discouragement to experiment with new teaching techniques and approaches, and administrative
restrictions or support in the long-term application of new idea (Clarke & Hollingsworth, 2002). The
influence of school context on teacher growth is shown in Figure 5. Therefore, the Interconnected Model
of Teacher Growth suggests a means by which school factors can support or hinder teacher growth.

The use of the interconnected model can serve as an appropriate and productive conceptual
framework for studies regarding teacher change from a systems perspective. The NGSS are complex and
require a significant shift in teachers’ beliefs about science and science education (Bybee, 2014). New
teaching practices and strategies for instruction will be needed to enact visions of teaching and learning
that are associated with science-as-practice (Lehrer & Schauble, 2006), productive disciplinary
engagement (Engle & Conant, 2002), and three-dimensional teaching and learning (NRC, 2012).

Figure 5

The Influence of School Context on Teacher Growth
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The School Context
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However, overemphasizing change at the teacher level without insights into the constraints and
affordances of teachers’ contexts can annul or even worsen efforts to improve science teaching and
learning (Allen & Penuel, 2015; Honig, 2006). A sensible approach to teacher change requires attention to
the instructional core (Bybee, 2013; City et al., 2009; Cohen et al., 2003)—teachers, students, content—as
well attention to the constraints and affordances of the educational system (Clarke & Hollingsworth,

2002).
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Chapter 3: Methodology

This chapter describes the research design, setting, and methods for this study. I first provide a
summary of the research design and explain how the selection of methods and participants were
appropriate for my research question. I continue with a description of the research context and
participants with the acknowledgment that these rich details will serve to contextualize my analysis and
conclusions. Next, | detail my steps in carrying out the study and reveal modifications | made to the
protocol in keeping with the ethical parameters and my research purpose. As a practitioner-researcher
using qualitative methods (McEwan & Reed, 2017; Schon, 1987), | dedicate a section to explaining how
my role and position may have influenced a study that centers around a problem near to my professional
practice. Research into one’s practice has affordances and drawbacks, and these tensions are at least
partially resolved through a program of ongoing and sincere reflexivity (Merriam, 2019). For other
quality considerations, | describe the measures | took to strengthen the quality of my research findings.
The chapter concludes with an outline of the limitations of the study.
Research Design

The goal of the study was to investigate how teachers were making sense of the NGSS in their
teaching practices. New standards alone do little to ensure that students have increased opportunities for
meaningful science learning in the classroom (Moulding & Bybee, 2017). Teachers are both translators
and implementers of new policies in the classroom (Cohen, 1990). However, teachers’ contexts, beliefs,
and transitional practices are seldom given attention in efforts to improve education, which may
ultimately constrain the success of the project and limit the potential benefits to students (Bybee, 2014;
van Driel et al., 2001; McFadden, 2019). As a practitioner concerned with the improvement of science
learning in Hawai‘i classrooms, my research question was necessarily a broad one: “How do middle
school science teachers in Hawai‘i make sense of the NGSS in their teaching practices?” To address this
broad yet relevant question, | employed a multiple case study methodology and adopted an exploratory

pragmatic approach for its flexibility in addressing complex and ambiguous problems of practice.
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The selection of an exploratory, pragmatic approach was purposeful. At the time of the study, the
adoption of the NGSS by the Hawai‘i Department of Education was recent and the effects on the
classroom were, and may still be, largely unexplored. Studies have increasingly been conducted on NGSS
implementation across the US (e.g. Allen & Penuel, 2015; Friedrichsen & Barnett, 2018; McFadden,
2019; Thompson et al., 2019). However, current understandings about the contextual and situative nature
of teacher change (Clarke & Hollingsworth, 2002; Desimone, 2009) suggests the need for a dedicated
examination of the impacts of the NGSS specific to the teachers and classrooms of Hawai‘i. The recency
of adoption combined with the various unknown contextual factors that may contribute to or impede
teachers' sense-making about the standards implies that a more open and in-depth approach to inquiry
would be an appropriate starting point. Because there is a need to better understand teacher change
against the unique contextual factors of Hawai‘i schools, a case study method was selected for its
potential to provide rich and detailed insights into the problem of practice.

A critical review of the literature reveals variations in epistemological commitments, definitions,
and approaches to conducting case studies (Yazan, 2015). In particular, three prominent methodologies
and their perspectives on case studies are often used to characterize the literature on case study
methodologies: Robert Yin, Sharan Marriam, and Robert Stake (Brown, 2008; Yazan, 2015). Yin being
more methodological and positivistic, preferring to define propositions and variables at the onset of the
study and maintaining adherence to logical replication of procedures to ensure validity and reliability
(Creswell, 2007; Yin, 2015; Yazan 2015). Stake is described as being more interpretivist and inductive in
his approach, advocating for the collection of rich details and renditions of the case and preferring a more
flexible and emergent approach to the study design, data collection, and data analysis (Brown, 2008;
Stake, 1995; Yazan, 2015). As an educator and researcher, Merriam is portrayed as adopting a more
pragmatic philosophy and approach that balances the mechanics of conducting a case study with
justifiable aspects of flexibility in design, data collection, and interpretation (Brown, 2008; Merriam,

1998; Yazan, 2015). My study was situated in an interpretivist paradigm and a pragmatic approach in
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which constructs were tentatively defined at the onset of the study and then modified as the study and my
understanding of the cases evolved (Merriam, 1998; Stake, 2005; Yin, 2015).

An advantage of paradigmatic inquiries is its ability to more fully accommodate the multivariable
nature of educational problems. Badley (2003) astutely argued that the often unacknowledged flaw in
educational research is the expectation that conclusions from traditional forms of research (i.e.
positivistic) will produce adequate solutions to educational problems. Evidence-based interventions are
attractive selling points but are often uncritical of the assumptions about the nature of positivistic
educational research and its limitations. Under the performative and economic culture of education,
schools and districts are quick to adopt these interventions and overestimate their applicability, relevance,
and generalizability (Biesta, 2007). By contrast, pragmatic inquiries propose that solutions to educational
problems, whether in research or practice, require critical discourses, reflective conversations, and
flexible inquiries into educational practice themselves (Badley, 2003). A pragmatic design does not
privilege a methodology or paradigm over another but instead purposefully uses different tools for
investigating different aspects of the world. As | sought more useful descriptions of my problem of
practice and required flexibility in addressing the ambiguous nature of the problem, a pragmatic design
was particularly useful to the investigation.

Since the goal of the study was to explore the translation of standards into practice, the case
study was instrumental in nature. Whereas intrinsic case studies seek understanding of the case in its
entirety, instrumental case studies are employed for gaining an understanding of a particular aspect,
concern, or issue of the case (Stake, 1995). Multiple instrumental case studies can provide insights into an
issue or theme and allow for the accumulation of various types of evidence for a compelling study (Yin,
2015). This study will of this nature allow for in-depth investigation and seeks to understand the issue,
problem, or concern that the case represents rather than the particular case. In this sense, the case studies
are instrumental in nature in that they focus on better understanding the issue as opposed to intrinsic case
studies that focus on the particular cases themselves (Creswell, 2007). Case studies in qualitative research

are investigations of “bounded systems” with the focus being either the case or an issue illustrated by the
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case (Merriam, 2019; Stake, 1995). In this research, the bounded system is the middle school science
teachers within two schools in a complex area of Hawai‘i. Although the research was flexible and
pragmatic in design, the primary purpose of the study was not to discover the essential meaning of lived
experiences, represent the stories of individuals, or induce theory from a phenomenon, therefore a strict
application of approaches such as phenomenology, ethnography, and grounded theory (Creswell, 2007;
Merriam, 2019; McCaslin & Scott, 2003) were not employed in this study.

Research Context

The study took place in two schools within the state of Hawai‘i. The state serves around 170,000
students and has a student composition that at the time of the study was about 24% Native Hawaiian, 22%
Filipino, 18% White, and 9% Japanese. Forty-nine percent of the students in the complex area were
eligible for free or reduced-price lunch (FRL). Hawai‘i students take the statewide science assessments in
elementary school (4th grade), middle school (8th grade), and high school biology, which satisfies the
minimal number of federally required statewide assessments for the subject of science (HIDOE, 2018).
The average eighth-grade science proficiency scores for the state have ranged between 37% to 44% in the
past five years and students. In 2019-2020, a new system of statewide assessments for the NGSS was
implemented and students now take the science assessments in 5th grade, 8th grade, and high school
biology. All items on the new science assessments all include a real-world scenario or phenomena and are
designed to assess student performance concerning the three integrated dimensions of the NGSS.

The science teachers in the study were from two middle schools within a complex area in the
Hawai‘i Department of Education. During the time of the study, the student composition within the
complex area was roughly 27% White, 21% Filipino, 15% Native Hawaiian, and 7% Black.
Approximately 38% of the students were considered economically disadvantaged. The average student
proficiency scores for eighth-grade students in the complex area ranged between 44% to 61%.

Middle School H
Middle School H serves a population of students that is roughly 58% White and 22% Black, 3%

Native Hawaiian, 3% Filipino, 40% on FRL, and has a large military-based population. Middle School H
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has seen significant growth in science scores with an average increase of nearly 5% each year in the past
five years. The school emphasizes the mission of “respect” within its community. Teachers at Middle
School H are expected to collaborate with their grade-level colleagues in planning out their science
curriculum and the entire grade level is expected to teach using the same material. Teachers are also
expected to assess students regularly and participate in collaborative analysis of their assessment data.
Middle School M

Middle School M serves a population of students who are mostly Japanese (27%), Filipino (22%),
White (16%) Native Hawaiian (16%), and affluent (21% FRL). In general, Middle School M also
experienced similar growth trends in science proficiency scores as Middle School H, with an average
increase of around 4% each year in the past few years. Teachers at Middle School 2 were expected to
maintain consistent pacing with other teachers in their same grade level and subject area.
Participants

The case study included five middle school science teachers from two different middle schools
within a complex area in the Hawai‘i Department of Education. For the study, | employed purposive
sampling to select participants based on a set of criteria (Merriam, 2019). Because | was interested in
learning about teachers’ transition to the new science standards, the ideal candidates for the study were
teachers who were making perceptible or noticeable changes in their practice with the NGSS. Participants
were selected for the study based on this criteria. Despite there being value in intentionally sampling
teachers with a wider range of familiarity with the NGSS, | reasoned that teachers who had greater
interactions with the standards would offer the richest set of data for the research and would also be more
willing to participate in the study. The requirement that participants be middle school teachers has to do
with my own background as a middle school science teacher. With my prior knowledge about the content,
student age group, school structures (e.g. department meetings, bell schedules, protocols), and ecological
context of middle school teaching, I would be more positioned to make sense of middle school teachers’
experiences with the standards as opposed to the experiences of elementary or high school teachers.

Lastly, the selection of two middle schools for the sites of the study was based on pragmatic reasons,



54

which included the availability of teachers, willingness to participate in the study, and considerations
about the confidentiality of teachers.

A summary of the participants in this study is shown in Table 2. The teachers in the study had
between three and 20 years of teaching experience in science, and all teachers had at least seven years of
total teaching experience. All five teachers had a master’s degree in teaching or a science-related area. For
comparison, approximately 35% of HIDOE teachers have had a master’s degree over the past five years

(HIDOE, 2018).

Table 2

Profiles of Middle School Science Teacher Participants in the Study

Participant Grade and Years of Teaching Highest School
Subject Teaching Experience Degree
Science
A 7th Science 7 years 7 years Master H
B 7th Science 3 years 7 years Master H
C 7th Science 20 years 20 years Master M
D 8th Science 12 years 12 years Master M
E 6th Science 10 years 10 years Master H

Note. H and M refer to the two middle schools of the study.

Data Collection
Recruitment

To collect data for my study, I reached out to principals from both schools to identify participants
for the study. I informed each principal that the study was designed to examine how teachers were making

sense of the new science standards and how they were using the standards in their science teaching. |
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explained that ideal candidates for the study have made perceptible progress with the NGSS in their
instruction, rather than teachers unfamiliar with the standards and their instructional implications.

While I initially deferred to the principals from each school to select candidates for the study, the
principals from both schools consulted with their academic team to verify that the candidates had indeed
demonstrated progress in teaching with the NGSS in some perceptible way. For example, the candidates
may have modified or adapted lessons and units for the NGSS, taught lessons for the NGSS in the
classroom, shared strategies or artifacts during department meetings, led professional learning sessions for
the NGSS at the school, or demonstrated regular enthusiasm for NGSS teaching and learning in their
classroom. According to the principals, the candidates were those that showed leadership or initiative in
teaching with the NGSS, and therefore, the candidates selected for the study can be said to be “highly
regarded” by their administrators and colleagues within the school. Given the names of the candidates, |
reached out to all candidates through email to determine their interest in participating in the study.

Five teachers showed interest in contributing to the study. In a formal email, | asked for their
permission and attached a consent form (Appendix A) which participants signed and returned
electronically. In the email, | suggested a few dates and times and arranged an online interview with each
participant based on their preference. The interviews were scheduled between the third and fourth
quarters of the school year.

Interview

The interview protocol contained 12 broad questions regarding teachers’ experience with the
standards and particularly within the context of a lesson they felt most represented their progress with the
NGSS. Before conducting my first interview, | generated additional follow-up probes | could use to press
for deeper descriptions when it was appropriate. From my initial review of the literature, | designed my
interview questions around several constructs such as teacher beliefs about science, beliefs about the
NGSS, and teacher’s teaching practice with the NGSS. I believed these constructs to be most pertinent to

understanding how teachers were making sense of the new standards in their teaching practices.
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In all the interviews, | began by thanking the participants for their time and interest, and |
verbally described the purpose of the study (Appendix D). In keeping with standard research ethics
(Merriam, 2019), I informed participants that pseudonyms would be used to protect their anonymity and
reminded participants that all information they provided would remain confidential. Participants would
maintain the right at any time to withdraw completely from the study, as well as request that specific
guotes, information, or recordings be retracted or revised if it did not represent what they intended to
communicate. All participants were willing to have the session recorded.

Following a semi-structured interview process (Merriam, 2019), | used the interview protocol as a
guide and varied the specific questions and depending on the interactions and responses of the
participants. All questions were asked in the service of understanding how teachers expressed their beliefs
and ideas about the NGSS and how they were making use of the standards in their teaching practices
through their science lessons. Being aware of participants’ time, I embedded questionnaire questions as
part of the interview rather than making it a separate task. In general, the questions | asked progressed
from broad to more specific questions. My conversations with each participant continued until the data
reached a level of redundancy.

Throughout the interview, | was mindful to maintain a conversational and authentic tone with the
participants. In my practitioner role, | had established a relationship with many of the participants built on
mutual trust and respect through our work partnerships as science educators. As this relationship was also
a strength of the study, | maintained my supportive role as a practitioner and colleague, and | kept the
tone of the interviews light-hearted and respectful. | wanted participants to feel at ease and comfortable
sharing their thoughts and reflections. In creating a space of safety and reflection, | revealed my honest
interest in learning about how they were making sense of these new standards and that their successes, as
well as their challenges, would be valuable to the study. I felt it was important for me to communicate to
them that all of us — including me, and even those whom we often think of as experts — are still learning
what the NGSS means for science teaching and learning, in schools, and for students. Establishing the

study as a joint side-by-side effort was important in co-creating robust and ecologically valid data with
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each participant (Gutiérrez & Penuel, 2014). Teachers work most directly with students; their reflections,
perspectives, and stories are in many ways the most important ones we should be listening to and learning
from. As a result of these measures, the conversations during the interview were frequently punctuated
with moments of laughter between intervals of deep discussions and reflections.

At the end of the session, I thanked each participant for their time, honesty, and contributions to
this study, as well as to my new understanding and appreciation of their experience with the new
standards. | was surprised by how much I had learned and | was genuine in expressing how much | had
learned from them. A few participants returned an email expressing how they found the conversation
insightful and much they appreciated having the time to talk about their experiences. While not required
to do so, a few teachers shared their lesson materials which included assessments, student worksheets,
slides, and lesson plans. I willingly collected these as artifacts from teachers to triangulate the evidence
and findings that emerged in the study.

Data Analysis
Analytic Approach

As the study was exploratory and pragmatic in nature, the process of the data analysis was
emergent and iterative. | referred constantly to the literature for existing ideas and guidance for making
sense of the data against the research design, questions, and purpose (Yin, 2015). This allowed me to
iteratively identify, sample, and test out different theoretical constructs and conceptual frameworks that
would make the most sense with the data. Given the complexity of teacher change and the richness of
participants' responses, formulating a strategy to surface meaningful insights and implications that would
ultimately bear relevance to practice and deepen understanding of teacher change concerning new science
standards was imperative. The study aimed to explore the ways teachers are translating the NGSS into
practice. With much trial, error, and persistence, an analytic process emerged across three general phases

(see Figure 6).
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Figure 6

A Summary of the Data Analysis Process
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Phase 1: Analyzing Teacher Beliefs About the NGSS

In the first phase of analysis, | condensed the data from the semi-structured interviews for each
participant. This process of data reduction involved selecting, focusing, and transforming the data into a
simpler yet more meaningful form (Miles et al., 2014). | accomplished this by noting down key phrases
for each chunk of the interview that most represented what | felt captured the essence of participants,
being careful to check the recorded phrases against the context of their responses to make sure these
phrases represented the intent of what participants were describing (Appendix F-1).

Once the data was reduced, | began with an inductive approach to coding the data. | made a
conscious effort to remain curious about the data and open to unanticipated ideas and themes that might

emerge. In my mind, | constantly reminded myself that the purpose of the analysis was not to confirm my
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beliefs or expectations for the study, but rather to accurately summarize the results of the interview and
extract meaningful themes that could be supported by the data. Through this process of bracketing
(Merriam, 2019), in which | make efforts to set aside prior beliefs and assumptions as | examined the
data, | hoped to achieve stronger alignments between emergent ideas and the participant data as opposed
to the ideas emerging from my preconceptions. At the end of this process, three analytical procedures
emerged that seemed to make the most sense for the research questions and purpose of the study: (a) a
deductive analysis comparing teachers’ statements about the NGSS with the intended Conceptual Shifts
of the NGSS (NGSS Lead States, 2013), (b) a deductive analysis of teachers’ beliefs about science
education with respect to the four rationales for science education (Driver et al., 1996), and (c) a thematic
analysis of teachers’ beliefs about the NGSS.

To identify which conceptual shift of the NGSS teachers attended to the most when describing
what should be different in science teaching and learning with the NGSS, | reviewed the recorded phrases
from each interview. If a phrase was consistent with a conceptual shift of the NGSS, I coded that phrase
according to the appropriate conceptual shift. For example, one participant said that “more authentic use
of the practices” was important with the NGSS, which I coded as corresponding to the conceptual shift of
“three-dimensional learning.” Another participant said that the NGSS “pulls in a lot of writing and
conversations,” which I coded as corresponding to the conceptual shift of “connection to the Common
Core State Standards.” For this analysis, I relied largely on participants’ response to interview questions
such as, “How would you explain the NGSS to someone who is unfamiliar with it?”” and “What should be
different in science learning because of the NGSS?” However, since the interview was semi-structured, |
examined participants’ responses to all questions in case a conceptual shift of the NGSS was brought up
in response to a different question. Once | coded all the recorded phrases, | tabulated the conceptual shifts
that were referenced by each participant and the frequency at which the shift was mentioned.

To analyze teachers’ beliefs about science education, | used a similar deductive approach starting
with definitions for each type of belief about science education. According to Driver et al. (1996) and the

NRC (2016), beliefs about the importance of science education can be categorized as personal, economic,
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democratic, or aesthetic. For this analysis, | examined the recorded phrases for each participant across all
of the interview questions. Whenever a participant's statement suggested a belief about why science
education and learning science is important, | coded the statement based on whether the statement was
consistent with a personal, economic, democratic, or aesthetic argument for science education. For
example, one participant said “Kids get their news online and they need to be able to read and figure out
for themselves... [kids also need to] think about whose voice needs to be heard,” which I coded as
consistent with the democratic argument for science education. Another participant said, “we [teachers]
are trying to prepare Kids for jobs,” which I coded as consistent with the economic argument for science
education. After coding all of the recorded participant statements, | made note of which participant shared
belief statements according to each of the four arguments for science education.

To conduct a thematic analysis of the data on teachers' beliefs and conceptions about the NGSS, |
began with an open, inductive approach (Saldafia, 2013) to see what themes emerged directly from how
participants were describing the NGSS and their experiences teaching with the new standards. As |
reviewed the recorded phrases, | wrote down potential themes next to each phrase. For example, for the
phrase “not teacher-friendly” quoted from a participant, I wrote down “complex” to indicate that the
complexity of the NGSS may be a potential theme. When a participant described the NGSS as
“potentially exciting” I wrote down “optimistic” to indicate that the participant viewed the NGSS
favorably but cautiously. With this open and bracketed approach, I reviewed and coded data from each
participant for all questions in the interview. I then listed the open codes on a separate document and
began to organize and reorganize the codes, looking for potential themes, categories, and connections.
Throughout the process, | constantly looked for similarities and differences across the codes in each
group, thinking about how to best assemble the codes to allow for some coherent conclusions to form.
After several iterations of grouping and regrouping the open codes, certain themes about the NGSS
became more pronounced than other themes. This organic process of searching for thematic ideas and
conceptual structures within the data involved a combination of strategies that Miles et al. (2014) call

“data displaying” and Saldafia (2013) refers to as “axial coding.” Once I achieved a set of axial codes, |
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began the process of selecting coding (Saldafia, 2013) in which I aimed to refine my set of codes by
determining whether the axial codes could be accounted for by a more general theme or proposition.
Particularly, | sought to identify themes that resonated with my research question about how teachers
were making sense of the NGSS in their teaching beliefs. After determining my set of themes or selective
codes from the data, I reread my interview data to verify the significance of the themes and to determine
if the themes adequately captured the data in relation to my research question. This stage of the analysis
was non-linear and involved multiple iterations of categories, groupings, and themes that were ultimately
recycled or rejected.
Phase 2: Lesson Analysis

For the study, participants identified and described lessons which they had either designed or
adapted and that they felt most represented their progress with implementing the NGSS in their teaching.
In order to analyze the lessons, which the participants selected to represent their current teaching practice
with the NGSS, | considered the trade-offs of both inductive and deductive approaches. According to
Miles et al. (2014), an inductive analysis would allow for greater sensitivity to local and intriguing
idiosyncrasies but would also make cross-case comparisons challenging. The NGSS involve predefined
constructs (e.g. the three dimensions) and I reasoned that a comparison across cases would be
instrumental in surfacing similarities and differences in teachers’ practice with the standards. Therefore, I
opted for a deductive approach to analyzing teachers’ lessons. Since teachers shared their lessons through
different formats—Iesson plan, student worksheet, or detailed descriptions of student tasks—I needed a
strategy to analyze the lessons in a consistent way so that comparisons could be made. At the same time, |
was also concerned about unintentionally “reducing” the lessons in the analytic process which could
result in important pieces of the lesson being lost (Miles et al., 2014).

To find an approach to analyzing the lessons, I first referred to the literature. According to Doyle
(1983), the curriculum can be viewed as a collection of tasks, which afford similar opportunities for
students to engage with academic ideas and content. Additionally, City et al. (2009) further suggested that

while curriculum may provide a guide for teachers, what teachers ultimately ask students to do—the
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academic task—is the primary predictor of what and how much students learn. Tekkumru-Kisa et al.
(2017) further demonstrated that despite having a written lesson plan or prepared task sheet for students to
engage with, teachers can execute and frame the task in ways that can decrease the expectations for
student learning and reduce the cognitive demand of the task. Tasks in lessons can also be written as a
three-dimensional student performance which represents the type of learning expected of students with
the NGSS (Krajcik et al., 2014). Given these arguments from the literature, | reasoned | could treat each
participant lesson as a sequence of student tasks. In the lesson, | could also delimit my analysis to the
tasks that most addressed three dimensions within the lesson. Conducting the lesson analysis in this way
would have the following benefits: (a) sufficiently condensing the data, (b) allowing for comparison
across cases, (¢) and maintaining the aspects of the lesson that are integral to the NGSS, such as students’
use of three dimension and the focus of the lesson on explaining phenomena (Ford & Wargo, 2012;
Hutchison & Hammer, 2010; Kawasaki & Sandoval, 2019; NGSS Lead States, 2013).

To conduct the lesson analysis, I first segmented the lesson into a sequence of tasks as defined by
Doyle (1983). For each task in the lesson, | made an initial determination about whether an SEP, CCC, or
DCI was present in the task. If an element of the three dimensions was present in the task, I then referred
to the grade-level elements of each of the three dimensions in the NGSS (NGSS Lead States, 2013) to
determine if the task required students to use one of the three dimensions at the appropriate level of
sophistication for middle school. An example of my annotation of a task is shown in Figure 7 and an
example of an annotation for a lesson is provided in Appendix J. As shown in the example, | also
determined if the grade-appropriate elements of the three dimensions were adequately or partially
addressed in the task. If a dimension (i.e. SEP, CCC, or DCI) was adequately addressed, | assigned the
task using the numerical code “2.” If a dimension was partially addressed—for instance, requiring
students to use an element below or above the middle-school level—then I assigned the task using the
numerical code “1.” If I determined that an element of the three dimensions was not present in a task, I

assigned the task using the numerical code “0.”
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Figure 7

An Example of a Student Task Analyzed for the Presence of the Three Dimensions of the NGSS

As a class, let’s go outside and observe different classmates kicking a kickball. Be sure to write
down what you notice after!

What did you notice? What do you wonder?

SEP PARTIALLY ADDRESSED:

Students are asked to use an SEP at the K-2 level. “Ask
questions based on observations to find more information
about the natural and/or designed world(s).”

CCC POSSIBLY ABSENT
Students do not appear to be asked to reason about any
particular CCC in this task.

Note. Commentary and analysis of the three dimensions for the task are indicated in red.

In order to determine if the lesson focused on explaining phenomena, | reexamined each of the
tasks in the lesson using a set of holistic criteria based on a study by Thompson et al. (2019), which
looked at the extent to which teachers’ lessons leveraged phenomenon for science learning. For each of
the lessons in my study, | first asked if a phenomenon was stated or introduced to students in any of the
tasks. If a phenomenon was present in the lesson, | determined if the phenomenon motivated or required
students to use the three dimensions to make sense of the phenomenon. Finally, | determined if the
majority of tasks in the lessons are organized or framed in a way that making sense of the phenomenon is
the central goal of the lesson. If the tasks within the lesson met all of these criteria, | assigned the lesson
the numerical value “2.” If the lesson partially met these criteria—for example, if a lesson introduced a
phenomenon at the beginning of the lesson but students were asked to focus on explaining a science
concept or process such as photosynthesis—I assigned the lesson using the numerical value “1.” If no

phenomenon was present in the lesson because the lesson focused primarily on a science topic or concept,
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I assigned the lesson using the numerical value “0.” A summary of my coding scheme for the lesson

analysis phase is presented in Table 3.

Table 3

Coding Scheme for the Analysis of Participants’ Science Lessons

Rating

Not present
0

Partially present
1

Present
2

Lesson Focus / Framing
(frequently tied to
epistemic agency and
version of science, as
demonstrated in Kawasaki
& Sandoval, 2019)

Topic-focused: the
emphasis of the lesson is
on getting students to
understand and explain
canonical science ideas.
The lesson may also focus
on experimental design,
scientific method, or
pseudo-science.

Process focused: the
emphasis is on describing
a process or results
(changes and effects) or
connecting science ideas
but not explicitly related
to explaining phenomena
The lesson is framed
around an activity,
experiments, or very
general phenomena (eg.
plants growing).

Explanation, Theory,
Phenomena focused: the
emphasis is on explaining
phenomena or connecting
science concepts to
students’ explanations of
phenomena. Phenomena
may be close to students’
everyday experiences or
have a high intrinsic
potential to engage
students in sense-making.

SEP Element

Element not addressed in
the lesson

Element is below grade
band or partially
addressed

Element is addressed at
the expected grade band

CCC Element

Element not addressed in
the lesson

Element is below grade
band or partially
addressed

Element is addressed at
the expected grade band

DCI Element

Element not addressed in
the lesson

Element is below grade
band or partially
addressed

Element is addressed at
the expected grade band

Note. The coding scheme is adapted from Thompson et al. (2019), Kawasaki and Sandoval (2020), and

Tekkumru-Kisa et al. (2015). SEP = Science and Engineering Practices. CCC = Crosscutting Concepts,
DCI = Disciplinary Core Ideas. The elements of the SEP, CCC, and DCI refer to the middle school grade

band expectations for each of the three dimensions in the Next Generation Science Standards.

After annotating and assigning codes to participants’ lessons, I organized the data in a table for

each lesson and briefly explained my reasoning for each code based on evidence from participant data. |

then compiled and displayed the results from the five lessons in a matrix to support the analysis of

patterns and trends across cases. Altogether, an analysis of these essential features of NGSS design in
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participants’ lessons would allow for conclusions to be drawn regarding the extent to which participants’
lessons reflected the teaching practices called for by the NGSS and Framework.
Phase 3: Cross-case Analysis

A final phase of analysis was conducted to capture other thematic elements that would have been
missed in the previous phases. The previous two phases in the analysis were purposefully structured to
reveal particular patterns and trends in teachers’ beliefs and practice. However, certain themes may not
have not been captured when in the treatment of each teacher as a separate bounded system. The final
necessary phase of analysis involved returning to the original data set of participant responses and
searching for additional similarities, differences, and themes across the teacher cases and particularly
across schools. This third phase of analysis involved examining the assembly of data sets holistically to
make comparisons across cases and the different categories and data displays (Miles et al., 2014). The
resulting and emergent themes were checked against my knowledge of the literature, my knowledge of
participants and their contexts, and the supporting evidence assembled from participant data.

To conduct this part of the analysis, | grouped the data for each participant according to the two
schools. | then examined the two sets of data separately to determine if there were particular similarities,
differences, or themes within each of the school cases. For this process, | returned to each of the analytic
tables, lists, and notes I had completed, and where necessary, | used a different color to code themes or
phrases from different schools. Based on themes that emerged within each school, | determine if there
were particular similarities and differences between the two school cases. Finally, | recorded the results of
the cross-case analysis as a list of themes or propositions about teachers’ beliefs and practices with the
NGSS from the two middle schools.

Quality Considerations
Trustworthiness

Related to the integrity and rigor of naturalistic, qualitative studies, scholars have argued that that

positivistic concepts of research quality, such as reliability and validity, should be replaced with a

different set of criteria unique to qualitative research tradition (Guba, 1981; Johnson, 1997; Smith, 1984).
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The proposed criteria for qualitative research generally include credibility, transferability, dependability,
and confirmability, and each criterion is associated with strategies to increase the trustworthiness of
qualitative work (Creswell, 2007; Merriam, 2019; Krefting, 1991). More recently, scholars have added
this framework to suggest additional criteria for quality in qualitative research. For example, Tracy (2010)
suggests that the qualitative quality of studies can also be judged by their worthiness, sincerity, resonance,
coherence, and contribution. Below, | nominate the following qualities of my study and explain how my
study achieves these criteria.

Credibility. To address concerns of credibility in the study several strategies were employed.
Careful attention was paid at various stages of the data analysis and interpretation process to check that
themes and findings were substantiated in evidence from participant data. Triangulation of the data
(Merriam, 2019) was achieved through artifact reviews (e.g. lesson plans and student worksheets),
interview data, member checks for specific quotes related to the themes that emerged, and practitioner
knowledge and experience with the participants and their teaching contexts. An ongoing and diligent
review of the literature was carried out at all phases of the study to ensure that the process and findings of
the study were informed by both current studies as well as past significant research on the topics of
interest. Additionally, throughout the study, | have continuously participated in ongoing professional
learning, instructional materials review, and curriculum development with the NGSS, which have
contributed to my applied understanding of the standards and science education in this study.

Transferability. In their critique of normative research that assumes a unidirectional flow from
research to practice, Gutiérrez and Penuel (2014) proposed “relevance to practice” as an explicit criterion
for judging the quality of research. To satisfy this criterion, a study must be driven by a problem of
practice that is significant, persistent, and worthy of investigation. This study is both timely and relevant
for science education in Hawai‘i in light of the recent adoption of new science standards. Educative
authenticity in a study (Guba & Lincoln, 2005; Tracy, 2010) is characterized by the researcher’s sincere
pursuit of a raised level of awareness about a subject as opposed to conducting a study that is

opportunistic, convenient, and devoid of larger significance or personal meaning. In this study, | revised
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and iterated multiple times on the design of research as well as on the interpretation of the data to identify
themes and findings that were substantiated in the evidence data and that would be of significance to my
professional practice and the research community. This study was by no means equipped or designed to
tackle questions of the learning-to-improve variety (Bryk, 2015). However, as a study concerned with the
improvement of science teaching and learning in Hawai‘i schools, I sought a more modest goal of
understanding how science teachers are making sense of the new science standards in teaching practice.
While deeply intertwined with the context of the study, the findings were designed to provide insights
about challenges and opportunities that can emerge as teachers strive to improve their practice under new
standards. These insights may be transferable to other settings and educational improvement efforts by
informing an understanding about “what works, for whom and under what set of conditions” (Bryk, 2015,
p. 473).

Confirmability. I have attempted to make all parts of my process and reasoning transparent in
this study. A research design table as well as my data collection protocols and coding process are
deliberately included for an audit trail (Carcary, 2009). These included artifacts of my research process
will allow interested researchers and auditors to study and confirm the transparency of my research path,
as well as evaluate the evidence, methodological reasoning, and analytic process that ground my research
findings.

Reflexivity. Reflexivity (Merriam, 2019) and sincerity (Tracy, 2010) can add to the qualitative
integrity of a study and can be partly accomplished by revealing one’s biases, dispositions, and
assumptions that are likely to influence both the process and conclusions drawn from the study (Merriam,
2019). Given the interpretive nature of the study, | share my background and subjectivities in the
following section and how they may contribute to both the biases and strengths of the study.

As a district resource teacher for our teachers for science education, | recognize that | have
preconceptions about science teaching and learning that may introduce biases into my study. In terms of
standards-based education, | take the stance that standards can provide opportunities to grow in our craft

as an educator. Standards indicate what might be considered important to teach rather than prescription
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about how to teach. While there are many strategies associated with the new standards, it is ultimately up
to teachers to apply their professional judgment and reasoning about the form that instruction should take
in their classroom. My research goal was to learn from teachers where they were in implementation to
better understand teachers' thinking about the standards as well as what they believed were the
implications for teaching.

Additionally, while I am technically a teacher, district personnel traditionally have a top-down
role and participants may perceive my interactions with them as evaluative. This is where my connections
with teachers can also be considered a potential strength in the research process, since teachers may be
more likely to share richer or more intimate aspects of their experiences and thinking. Establishing a non-
judgmental atmosphere was important to minimize the potential influence of social desirability bias
(Gupta & Thornton, 2002), which can be done through strategies such as communicating that all
responses are valid, communicating or adjusting my questions in a manner that is not leading participant
responses, and making it apparent that I intend to learn about teaching as a researcher — nonjudgmental,
sensitive, and respectful (Merriam, 2019). In this way, my subjectivities and past experiences were
considered an analytical asset (Merriam, 2019), not a detriment, to the study.

At the time of this study, schools were still in their first three years of implementing the NGSS.
Additionally, the NGSS are unique as a set of educational standards and also complex; the implications
for teaching require a significant shift in practice. Struggles with gaining a comfortable clarity about the
standard and also about the pedagogical implications of the standards were expected. Also expected was
that teachers would be at different levels of understanding and may have perceived some successes in
terms of achieving clarity concerning declarative knowledge about the standard and pedagogical
knowledge about its implications for teaching. As this was an exploratory study, the goal was to surface
what existed in terms of teachers’ beliefs and perceptions about the standards and in what ways those
conceptions were played out in their practice.

An important feature of this last phase of analysis and interpretation was particular attention to

the criteria of relevance to practice (Gutierrez & Penuel, 2014). As a practitioner invested in the learning
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of students and teachers, the significance of the study weighed substantially more to me than its mere
completion. While engaging with data and themes, | grappled with my own pre-existing beliefs about
standards-based reforms, evidence-based practices, science education, and educational research. | have
come to recognize how easy it is to give in rather than to resist these popular, “scientistic,” and uncritical
discourses in education and thereby remain complicit to its persistence and effects (Badley, 2003).
Shulman et al. (2006) advocate that educational researchers should strive to be “stewards of the
discipline” and exercise particular care, responsibility, and regard for educational research as well as for
the health and profession of education.

As it pertains to this study, | sought to avoid simply reporting what teachers were or were not
doing in alignment with the NGSS. | did not wish to convey that the point of new standards is to simply
align practices and curriculum without also attending to the larger ethical questions about why the change
is needed, as well for who, for what, and how (Gutierrez & Penuel, 2014). Furthermore, I recognized that
a purely critical stance (or a purely positivistic one) would not likely be compatible with designing ways
to potentially move forward (Badley, 2003). Instead, I challenged myself to connect the study and
surrounding critical discourses to the more pragmatic project of improving science education for students
in Hawai‘i. I, therefore, aimed to acknowledge teachers' successes and challenges and recognize their
realities in teaching with the NGSS as opportunities rather than deficits.

A final consideration in this phase of the analysis was an attention to the applicability of the
findings and implications beyond my bounded research context. Bryk et al. (2011) proposed that research
and practice communities should share in joint efforts to seek ways to make programs and innovations
work under a diverse range of circumstances. Therefore, while this study is modest in its design, findings,
and approach, I also considered heavily whether the themes and findings would be relevant and useful,
not just based on the teachers in the study, but also based on my knowledge of the diversity of teachers
and schools that I have worked with within my complex area. Tracy (2010) refers to this quality in
research as “resonance” in terms of the degree to which a study has impact and connection with the

interested members and parties. Ultimately, | asked whether the themes and findings would mean
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something to me as a practitioner, to Hawai‘i teachers, as well as to other stakeholders invested in
improving science learning for students. The process was iterative, to say the least, and perhaps a
pragmatic and (clearly) partial blending of both “mangle” (Pickering, 1993) and lei-making (Alencastre,
2015) approaches to making sense of a very complex and very human world.
Limitations

There are several limitations inherent in the nature and design of the study. First, the scope of my
study is intentionally small, thus there is limited generalizability outside the bounded system of the study.
Creswell (2007) summarized the challenges common to most case studies in terms of a tradeoff between
dilution and generalizability. While greater sample sizes may increase the generalizability of a study, the
study of more than one case necessarily dilutes the depth and richness of the analysis. Multiple case
studies are often designed purposefully to present an in-depth picture of the case. An inherent limitation
of this multiple case study was that the number of participating teachers was small. The study was
pragmatic and practitioner-based and was not by design aspiring to inform future large-scale studies of
the evidence-based paradigm; such studies have significance but can also be limited in value in light of
the widely diverse contexts of Hawai‘i schools and education. Alternatively, this study includes details
about the methods and research contexts to inform an evaluation of transferability (Merriam, 2019) into
other relevant contexts in which teacher change and improving science education are concerned.

Second, the study was conducted strictly from the perspective of the teacher and teacher artifacts
(e.g. lesson plans), and the findings relied at least partially on teachers’ ability to articulate their reasoning
about their practice. Teacher knowledge is complex and to a large extent tacit and idiosyncratic (Park &
Chen, 2012; van Driel et al., 1998) and researchers such as Kagan (1990) noted that there may be
insufficient evidence to support the idea that expert teachers are simply better at articulating their
reflections and reasoning about their practice; it may be that teachers who have mastered their craft rely
primarily on tacit knowledge sources. Studies have also demonstrated that teachers’ articulated beliefs
and ideas do not necessarily line up with their classroom practice (e.g. Barendsen & Henze, 2019), which

further suggests that inferences about teaching quality should not rest on teachers’ articulations alone. As
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a result of unanticipated changes in CDC guidelines at the time of this study, a modification to the study’s
design prevented the analysis of teachers’ practice within their classrooms. Therefore any implications
regarding teachers’ classroom enactments as well as student outcomes will require additional research to
substantiate.

Third, my connection and relationship with the participating teachers may have necessarily
introduced bias into my study. | have made an effort to be transparent about the process in which |
conducted the study so that judgments can be made about the study’s dependability. While several
measures have been taken to address the potential threats to the quality of the study, it will be important
for researchers and interested parties to weigh the information about my positionality against my research
findings while evaluating the content and implications of the study.

A fourth limitation was the selection criteria for participants. The study purposefully sought
highly reflective teachers (Schon, 1987) with the assumption that these teachers would provide deep
insights into the rich ongoing sense-making involved as they sought to improve and change their teaching
practices with new science standards. The selection of participants was bound by principals’ suggestions;
therefore, teachers who were not recommended by principals were not considered for the study. Although
the participants exhibited a range of depth in their responses on different parts of their teaching beliefs
and practice, the study does not represent the wide range of teachers within a school or district that are
also responding to the new science standards in potentially different ways. The findings and implications
of the study necessarily rest on the assumption that as more teachers increasingly engage with the
standards and its implications for teaching and learning, the challenges and opportunities found within the
study are likely to surface.

Additionally, with case studies, there is a need to set adequate boundaries around a case
(Creswell, 2007). This study was bounded by middle school science teachers within one complex area
that had four middle schools during the first three years of NGSS implementation in Hawai‘i. The
investigation and its design and purpose were purposeful to understand how to better support Hawai‘i

public schools and teachers with improving science teaching with new science standards. Since the study
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was designed to understand aspects involved in teacher change in response to new science standards,
researchers and educational leaders may find relevance in the insights from the study provided that
contextual factors and differences are considered and that the process of educational change is approached

as a dialogue rather than an intervention, adoption, or implementation (Biesta, 2010; Badley, 2003;

Erickson & Gutierrez, 2002).
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Chapter 4: Findings

This chapter describes the research design, setting, and methods for this study. | begin this
chapter by describing the study context and participants. Next, | describe how my role as the researcher
and methods course instructor may have affected this study. Then, | provide details about the study
participants, data sources, and data collections, and coding. Finally, | describe the data analysis methods
with respect to each research question.

Results of the Case Studies

During the interview, participants shared their beliefs about the NGSS and their experience
teaching a lesson for the NGSS. Summaries of the interview and participants’ lessons are described
below. Following these summaries, themes related to teachers’ beliefs and practice with the NGSS are
presented.

Participant A

Participant A taught middle school science for seven years. He received his bachelor’s degree in
ecology, evolution, and organismal biology and his master’s degree in educational studies. He learned
about the NGSS through district and state training as well as books and articles about the NGSS. In 2018,
he attended a national science conference at the National Science Teachers Association where he
participated in multiple sessions on the NGSS.

Beliefs about NGSS. Participant A described the NGSS as being thoughtfully put together and
that it can be potentially exciting. The participant also expressed that the standards were also complex,
and even when you go through the process of trying to unpack the elements of the standards, it is still not
easy to figure out what they mean. Participant A stressed that one reason the NGSS are challenging is that
the standards are not teacher-friendly.

When asked about what role the NGSS was trying to serve in improving science education, the
participant explained that he and his colleagues would often talk about inquiry teaching in science, but
what it meant to do inquiry was never well defined. Participant A elaborated that the NGSS provides

more structure for thinking about what inquiry means in terms of the three dimensions of science, which
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include what scientists do, what ideas they work with, and what connections they make. He said that the
three dimensions provide clearer “scaffolding” and “definition” for what it means to do scientific inquiry.

When asked about what the NGSS means for science teaching and learning, Participant A said
that the NGSS meant “less memorizing, more making sense of our world.” In other words, an important
part of teaching with the NGSS is “not giving answers, but allowing students to figure out through the
[three] dimensions.” He believes that one of the most important things students should develop in science
education is the ability to be “critical and reflective about information and ideas.” According to
Participant A, science teaching can cultivate this capacity by supporting students to be “open-minded,
curious, and constantly asking questions.” He adds that the goal of education is to prepare students to be
“life-long learners.”

Lesson Vignette. Participant A described the phenomenon in his lesson as how resources (e.g
food) were obtained today compared to how were obtained in the past in Hawai’i. In the lesson, students
viewed images of empty shelves in grocery stores during Hurricane Lane and talked about their
experiences with hurricanes. Students discussed their initial ideas about why fish would not be available
at the grocery stores.

Participant A stated that the most important thing he wanted students to understand in the unit
was interconnectedness, how things in our local area can be caused by multiple factors in our world. For
example, the goal was for students to be able to explain how multiple factors are necessary to explain the
increase or decrease of fish as a food source on the island. To gather more information about the lack of
fish at the grocery stores, students examined a data set on where the fish people in Hawai‘i eat comes
from. Students also examined information about the Hawaiian fishponds as a local source of fish and how
the fishponds have changed throughout history. Students were then asked to formulate scientific questions
to investigate the sources of fish as a food source on the island. The central task of the lesson was for
students to develop questions based on their observations from these various data sets. Table 4 shows the

elements of the NGSS present in Participant A’s lesson vignette.
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Lesson Analysis for Participant A
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Lesson A Description
In this lesson, students examine data, stories, and information about a loko i‘a (fishpond) from before and today,
and then students develop questions about changes, causes, and patterns they notice.

Component

Description

Rating and Sample Evidence

Lesson Focus

The lesson focuses on explaining
phenomena.

2
The lesson is framed around why the
loko i‘a no longer supports as much fish

as it once did.
SEP Element Asking Questions 2
SEP1-1. Ask questions that arise The lesson addresses the SEP at the
from careful observation of middle school grade level. Students ask
phenomena, models, or unexpected questions based on examination of data
results, to clarify and/or seek about the island’s fish supply and
additional information. information about the loko i‘a.
CCC Element Patterns 1
CCC-4 Graphs, charts, and images Students are asked to examine data in
can be used to identify patterns in graphs, charts, and images, but not
data. necessarily reflect on what patterns to
identify eg. that might be appropriate or
relevant for the investigation.
DCI Element LS4.D Biodiversity and Humans. 2

Changes in biodiversity can influence

humans’ resources, such as food,
energy, and medicines, as well as
ecosystem services that humans rely
on—for example, water purification
and recycling. (secondary to MS-
LS2-5)

The lesson builds towards this DCI and
requires students to think about human
reliance on natural resources for food.
(Future lessons are designed to address
the connection to changes in
biodiversity).

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core
Ideas; LS4.A = sub-core idea 4.A in the Life Science domain; MS-LS2-5 refers to the targeted middle

school performance expectation of the lesson. The elements of the SEP, CCC, and DCI refer to the middle

school grade band expectations for each of the three dimensions in the Next Generation Science

Standards.

Participant B

Participant B taught for three years at School H. Before teaching at School H, she taught social

studies for four years at a non-Hawai‘i school. She received her bachelor's degree in history and political
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science and her masters in teaching. She learned about the NGSS through school training and from books
and articles from various websites.

Beliefs. In terms of beliefs about the NGSS, Participant B mentioned that understanding the
NGSS is challenging but worth the effort. “When you first look at it [the NGSS], it will look very
complicated. Three strands that are interwoven throughout your content. Once you can get past the size-
nine font and descriptions, it is really good.”

Participant B was not formally trained as a science teacher, however, she said that science made
more sense for her with the NGSS and added that the NGSS helps students to “think more critically and
thoughtfully about the content they are learning.” She explains that the “NGSS gives us a framework to
be problem solvers and think critically. Kids get their news online and they need to be able to read and
figure it out themselves [...] and think about whose voice needs to be heard. NGSS paves the way for
that.” From her experience, the science curriculum too often emphasized memorizing science facts and
vocabulary rather than getting students to think more deeply about their world and how it works.

Participant B mentioned the connections between the NGSS and the Common Core State
Standards (CCSS). She explained that literacy is important in science in terms of reading critically and
communicating effectively in writing and speaking. The reason she appreciates the NGSS is that it brings
together the standards in a meaningful way: “Where CCSS fails and NGSS succeeds is the [more
emphasized] marriage between practices and content [i.e. through the integration of the three dimensions].
NGSS makes you think more intentionally about that integration.”

Lesson Vignette. Participant B described her lesson on the spread of the Ebola virus. In the
lesson, students used a map to map how TB could spread. Students had to pay attention to hot zones and
explain the mechanisms of spread, what failures of the city and health system caused this to happen.
Students had to figure out how to prevent the spread of disease. Participant B explained that she wanted
students to understand the “epidemiological triangle,” which is a model that shows how diseases spread
depending on the host, the environment, and the viral agent. Students then applied their understanding to

the coronavirus to determine if the virus will spread similarly or differently. Students had to determine the



77

mechanisms of the spread of the coronavirus and predict how the virus might spread based on their

understanding of the host, the environment, and the virus. Table 5 shows the elements of the NGSS

present in Participant B’s lesson vignette.

Table 5

Lesson Analysis for Participant B

Lesson B Description

In this lesson, students used a map to determine how tuberculosis could spread and what is needed to break the
epidemiology triangle to prevent the disease from becoming a pandemic.

Component

Description

Rating and Sample Evidence

Lesson Focus

The lesson focuses on explaining
phenomena or designing a solution
to a problem.

2
The lesson is framed around how
the spread of disease is different
now in the modern world and what
is needed to prevent the disease
from spreading.

SEP Element Developing and Using Models 1
SEP2-5. Develop and/or use a Students use a map to trace the
model to predict and/or describe spread of TB, however, this task is
phenomena. not connected to a prediction or
description of a phenomenon.
CCC Element Systems and System Models 1
CCC4-2. Models can be used to Students examine “the system of the
represent systems and their hospital” and “what failures of the
interactions—such as inputs, system caused this [disease spread]
processes, and outputs—and to happen.”
energy, matter, and information
flows within systems
DCI Element LS4.D Biodiversity and Humans. 1

Changes in biodiversity can
influence humans’ resources, such
as food, energy, and medicines, as
well as ecosystem services that
humans rely on—for example,
water purification and recycling.
(secondary to MS-LS2-5)

The lesson focused largely on
medicine while other parts of the
DCI did not appear to be connected,
addressed, or being built towards.

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core
Ideas; LS4.A = sub-core idea 4.A in the Life Science domain; MS-LS2-5 refers to the targeted middle

school performance expectation of the lesson. The elements of the SEP, CCC, and DCI refer to the middle

school grade band expectations for each of the three dimensions in the Next Generation Science

Standards.
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Participant C

Participant C taught for 20 years at School M. His bachelor’s degree is in elementary education
and he obtained a master’s degree in middle school science education. He learned about the NGSS mostly
through his department meetings and involvement in a couple of science-related grants. He also read and
explored resources sent out by the school’s science department.

Beliefs. Participant C shared his experience with science teaching and learning over the past two
decades. When he began teaching at School M, the Hawai‘i Department of Education had just begun
high-stakes assessments in science. He describes conventional science instruction as textbook-driven and
explains that inquiry teaching is much more “hands-on” and student-driven. He said that “With NGSS,
your lessons will never be set [...]. Kids’ interactions and questions pull you away from that set plan. The
learning takes a life of its own. You need to go at the pace of the student.” Participant C shared that his
participation in a watershed grant helped him to make his teaching less about the “textbook” and more
about “application and service.” In the end, he describes that science should be just about learning science
but also “doing something with the science.”

Participant C stressed that science education should help students learn and apply science in the
real world. “Kids can find info instantaneously. I want kids to be able to gather information and be able to
come up with possible ideas and try them out to see which is most beneficial. To me, if you can gather
info and be able to apply it, that is what science is about it.” Good science instruction is hands-on. “Kids
remember going out and doing experiments. They don’t always remember details about the content—
things like photosynthesis.”

Lesson Vignette. Participant C described the lesson that he most felt aligned with the NGSS at
this time. In the lesson, students were doing a Milo sprouts experiment. Students scarified some of the
seeds, soaked the seeds, and determined which method yielded the greatest growth. Students made
measurements to compare the Milo plants’ growth. Following this experiment, students learned about
photosynthesis and the availability of resources needed for photosynthesis. Participant C explained that

the content goal of the lesson was to learn about the cycles of matter photosynthesis as well as about
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producers and decomposers. Table 6 shows the elements of the NGSS present in Participant C’s lesson

vignette.

Table 6

Lesson Analysis for Participant C

Lesson C Description

In this lesson, students determine what caused scarified seeds to grow compared to non-scarified seeds and seeds
with different treatments.

Component

Description

Rating and Sample Evidence

Lesson Focus

The lesson is framed around an
experiment rather than a
phenomenon to be explained.

1
The lesson is framed around what
caused a seed to sprout differently
under different treatments.

SEP Element Carrying Out Investigations 1
Make observations and/or Students carry out the steps to treat
measurements to produce data to the seeds and collect data.
serve as the basis for evidence for
an explanation of a phenomenon or
test a design solution. (Grades 3-5)
CCC Element Cause and Effect 1
Cause and effect relationships are Students are asked, “why do you
routinely identified, tested, and used think that [the seeds grew
to explain change. (Grades 3-5) differently] happened?”
DCI Element LS1.C Organization for Matter 0

and Energy Flow in Organisms
Plants, algae (including
phytoplankton), and many
microorganisms use the energy
from light to make sugars (food)
from carbon dioxide from the
atmosphere and water through the
process of photosynthesis, which
also releases oxygen. These sugars
can be used immediately or stored
for growth or later use. (MS-LS1-6)

While photosynthesis was the
content focus of the lesson, the
concept was not present in the
lesson described and was
introduced to students in a later
lesson.

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core
Ideas; LS1.C = sub-core idea 1.C in the Life Science domain; MS-LS1-6 refers to the targeted middle

school performance expectation of the lesson. The elements of the SEP, CCC, and DCI refer to the middle

school grade band expectations for each of the three dimensions in the Next Generation Science

Standards.
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Participant D

Participant D taught for 12 years in science at School M. She received her master’s degree in K—9
science education and her bachelor’s degree in secondary science teaching. Participant D shared that her
favorite subject was Earth science, which is why she ended up teaching earth and space science in eighth
grade. She learned about the NGSS mostly through state-provided and district-provided training on the
NGSS.

In learning about the NGSS, Participant D also shared how it took time to figure out what the
specific elements of the standards meant for her teaching. For example, she initially struggled with how to
get students to ask scientific questions on their own (for the SEP Asking Question) and it took her almost
a year to figure out how to scaffold this for students. She did this by giving students the prompt “If we
want to investigate [the phenomenon], what questions should we look for?” For Participant D, the NGSS
required reframing her instructions and prompts differently for students.

Beliefs. In describing the NGSS, participant D focused on what was different in her instruction
now compared to before. In particular, she focused heavily on the Science and Engineering Practices and
the Crosscutting Concepts because science before NGSS was more “focused on just the DCIs.” She also
explained that the NGSS means going more in-depth into content and getting students to understand
rather than just learn a bunch of facts in science. In terms of instruction, Participant D stated that science
is “supposed to be more hands-on learning... not content remembering. Not more tests but more final
projects.” If she had to help a new teacher understand what the NGSS is about, she would tell them “not
to focus on the content or DCIs, but focus more on how you teach it; through the SEPs and CCCs.”

Participant D stressed that she wanted her students to learn to “question information” and be able
to problem-solve in the real world. She used the example of Flat Earthers as a reason why students need
to be able to think critically about the ideas they encounter. According to Participant D, “you take ideas
and question it, and find a way to answer it: that is science!”

Lesson Vignette. Participant D shared her worksheets with me to describe her two-day lesson.

The lesson objective was for students to “Analyze and interpret data to explain of [sic] how seasonal
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patterns affect the amount of solar energy absorbed by the surface which causes seasons” and “Use data
to interpret and explain how the angle the sun is hitting the surface changes and affects seasonal changes.”
Participant D created her lesson by organizing information about the sunrise times, sunset times, and
latitudes of different locations around Earth and creating graphs to show the pattern between the angle of
separation over a day at the different locations. When asked about the phenomenon of the lesson,
Participant D initially said “I didn’t think about this... but maybe it would be something like ‘Why does
Antarctica get the most sun when the Arctic gets no sun.” In the lesson, students had to use the data set to
determine what causes the different seasons experienced throughout the year. Students’ task is to put
together a model and explanation to justify their thinking. Participant D explained that her students were
initially confused about how to go about this task at first, so she created a set of scaffolded questions to
guide them through interpreting the data. Although students ask lots of questions, she said she tries not to
give them the answers and that the kids eventually figure it out in time. Table 7 shows the elements of the
NGSS present in Participant D’s lesson vignette.

Table 7

Lesson Analysis for Participant D

Lesson D Description
In this lesson, students use data to explain how seasonal patterns affect the amount of solar energy absorbed by
the surface of the Earth which causes seasons.

Component Description Rating and Sample Evidence
Lesson Focus The lesson focuses on developing a 1
science concept—the seasons and The lesson is framed around
Earth’s tilt—rather than a specific explaining how the angle the sun is
phenomenon. hitting the surface of the earth

affects seasonal changes.

SEP Element Using Mathematics and 2
Computational Thinking Students connected data tables and
Use mathematical representations to  graphs of sunrise, sunset, and length
describe and/or support scientific of day to models of how

conclusions and design solutions.
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Lesson D Description

In this lesson, students use data to explain how seasonal patterns affect the amount of solar energy absorbed by
the surface of the Earth which causes seasons.

Component Description Rating and Sample Evidence
CCC Element Cause and Effect 1
Patterns can be used to identify Students work with multiple
cause-and-effect relationships. representations of data and need to
identify patterns that connect to the
different amounts of sunlight.
However, it is not clear what cause
and effect relationship is being
explained here.
DCI Element ESS1.B: Earth and the Solar 2
System Students develop a model and
The seasons are a result of that tilt explanation for how differential
[of the Earth] and are caused by the heating leads to patterns in the
differential intensity of sunlight on season throughout the year.

different areas of Earth across the
year. (MS-ESS1-1)

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core
Ideas; ESS1.B = sub-core idea 1.B in the Earth and Space Science domain; MS-ESS1-1 refers to the

targeted middle school performance expectation of the lesson. The elements of the SEP, CCC, and DCI

refer to the middle school grade band expectations for each of the three dimensions in the Next

Generation Science Standards.

Participant E

Participant E taught for 10 years in both high school and middle school science. She received her

bachelor’s degree in public health, a minor degree in physical chemistry, and a master’s degree in

Emergency Medical Technician. She learned about the NGSS through school- and district-provided

training and spent a lot of her own time reading about the NGSS on the internet.

Participant E mentioned that at the previous school she taught at her department did not buy into

the new standards. Most of her colleagues felt like the standards only required some shifts in the content

they were teaching rather than a shift in pedagogy. As a result, her department did little more than shuffle

their units and content to match the new standards and did not prioritize professional learning around the

NGSS.
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Her experience at her current school, where she has taught for three years, was quite different. At
School H, she received ongoing training on an NGSS-aligned science curriculum that the school had
purchased to support teachers with the new standards. Participant E stated that the school-level
professional learning and the curricular program helped her to grasp the nuances of the NGSS. She could
see how the recommended shifts in teaching could positively impact students’ science learning. However,
she also added that she believed that the science program is not everything; for her, the program still only
represented “a small picture of what the creators envision for NGSS.” When asked what she felt was still
missing her understanding of the NGSS, she said “A lot! I think I’m still scratching the surface.”

Beliefs. Participant E expressed that she believed the NGSS was a “complete shift in thinking”
and that “if we figure out how to do it right, it [the NGSS] could revolutionize science education. The old
standards are like a list: check, check, check... very linear. These standards [the NGSS] are interwoven,
like a story with all these different parts.” She believed that the NGSS and the three dimensions more
fully represented the nature of science: “Science is so big and broad and NGSS allows us to tap into all
the branches simultaneously, not separately, but all at once.”

Additionally, Participant E mentioned that learning science through rote memorization is not
enough for students: “Rote knowledge isn’t valuable because of information access with technology.
They [students] don’t need to know all the elements on the periodic table, but they need to know how to
apply science in their careers and their everyday lives.” She also adds that science education should equip
students with the capabilities and attitudes that will help them in the future: “We are trying to prepare kids
for jobs and help them to develop the ability to overcome obstacles and hurdles and approach things from
different angles. We should be thinking about practices, character traits, and perseverance.” Participant E
brought up the example of critical race theory and how an understanding of science is important for
students to conceptualize their thinking around socioscientific controversies. She expressed that being
knowledgeable in science is really about “realizing what you don’t know so you can seek information so

you can understand the issue and what is really going on.”



84

Participant E also expressed that she believed a basic understanding of important science
concepts allows individuals to be more “mindful” of the things around us. An understanding of science is
like ““a mind-opening experience.” As an example, she described that when people kick a ball, they do not
usually pause to think about “all the things that have to happen in order for you to kick that ball...” such
as what is happening in our body, our muscles, and how making contact with the ball a certain way causes
the ball to move a certain way, eg. going higher, lower, faster, or slower. She added that this ability to
pause and think is important in life especially “when things become challenging” because “we can’t be
self-regulating unless we ourselves are more mindful.”

Lesson Vignette. The lesson that Participant E taught was an adaptation from an open
educational resource science curriculum. The unit focused broadly on the question of “How does a human
make a ball move?” In the lesson, students were expected to ask scientific questions about the forces,
motion, and the human body. To prepare students for this task, students played kickball at the beginning
of the class period and then recorded all the changes they noticed in their body after engaging in physical
activity. Participant E then asked kids to write “kicking a ball” in the center of the blank sheet of paper
and create as many scientific questions they could think of around that topic and their kickball experience.

Participant E expressed that she was amazed by the questions students came up with and that she
could immediately see connections between students’ questions and the targeted learning for the unit. For
example, one student asked, “Where does the energy come from when I kick a ball?” Throughout the unit,
Participant E would ask students to examine their questions and see which questions they answered so far
and which ones they are still wondering about. By the end of the unit, students were expected to learn
about forces, motion, and metabolism and apply their scientific understanding to explain how a Rube
Goldberg machine works. Table 8 shows the elements of the NGSS present in Participant E’s lesson

vignette.
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Lesson E Description

In this lesson, students developed scientific questions around observations they noticed in their body after playing

kickball.

Component

Description

Rating and Sample Evidence

Lesson Focus

The lesson focuses on explaining a
phenomenon rather than a scientific
concept or topic.

2
The lesson is framed around what
happens to the human body when
playing kickball. The unit is framed
around how a human can make a

ball move.
SEP Element Asking Questions 1
Ask questions based on Students were prompted to make
observations to find more observations and ask questions
information about the natural and/or ~ based on those observations which
designed world. (K-2) align with the K-2 element for this
SEP. Students did necessarily
consider how to make careful
observations or ask questions to
clarify additional information
needed to explain the phenomenon
(6-8 element).
CCC Element Cause and Effect 1
Patterns in the natural and human Students asked questions related to
designed world can be observed, cause and effect based on their
used to describe phenomena, and observations. Students did not
used as evidence. (K-2) necessarily consider multiple causes
(6-8 element).
DCI Element LS1.A Structure and Function 1

In multicellular organisms, the body
is a system of multiple interacting
subsystems. These subsystems are
groups of cells that work together to
form tissues and organs that are
specialized for particular body
functions. (MS-LS1-3)

The lesson builds toward this DCI
but does not directly include any
parts of this DCI element in the
lesson.

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core
Ideas; LS1.A = sub-core idea 1.A in the Life Science domain; MS-LS1-3 refers to the targeted middle

school performance expectation of the lesson. The elements of the SEP, CCC, and DCI refer to the middle

school grade band expectations for each of the three dimensions in the Next Generation Science

Standards.
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Teachers’ Beliefs about Science Education and the NGSS

Although the construct of teacher beliefs in science education is far from established (Bryan,
2012), the literature tends to converge on three broad categories of science teacher beliefs: a) goals and
purposes of science teaching, b) nature of science, c) science teaching and learning (Friedrichsen et al.,
2011). These three categories helped organize the qualitative data based on my interviews with
participants. In the following sections, | summarize the results on participants’ beliefs about science
education and the NGSS.

Beliefs About Science Education

I found that participants’ statements about why science is important in education could be
categorized below four fundamental arguments about the purpose of science education: personal,
demaocratic, economic, aesthetic (Driver et al., 1996; NRC, 2016). The coding scheme adopted for these
categories is presented in Table 9. Statements from each of the participants all fell under two or more
arguments for science education. All participants mentioned that science is important because it can
potentially be useful in daily life, particularly for thinking critically about information or for lifelong
learning. This type of statement is characterized by a personal argument for science education: that
scientific knowledge and understanding is useful in everyday life.

Two participants brought up the case that science education is necessary for careers and jobs in
science-related fields. This type of statement is characterized by an economic argument for science
education. Two participants expressed that science is important to learn because it enhances our view of
the natural world and inspires a sense of appreciation for the knowledge developed about that world. This
type of statement is characterized by the aesthetic argument for science education, which states science
offers a powerful and enriching way of understanding the world. Only one of the five participants
provided statements characterized by a democratic argument for science education, which argues that an

understanding of the scientific world is essential to decision-making about the problems facing humanity.
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More generally, participants from School M gave statements that were consistent with the

personal and economic arguments for science education. Participants from School H provided statements

that were consistent with personal as well as aesthetic and democratic arguments for science education.

Beliefs about NGSS

During the interview, participants were asked to describe the NGSS and how science teaching

and learning should be different with the new science standards. Since the NGSS was designed to reflect a

new vision for science education, six conceptual shifts were outlined to describe what is new and different

about the standards (NGSS Lead States, 2013). These conceptual shifts are cited in Table 10.

Table 9

Coding Scheme for Participants Beliefs about the Purpose of Science Education

Purpose of Science Education 2P

Criteria for Inclusion 2P

Sample Participant Statement(s)

Personal Science is useful. (Utilitarian) “To be able to be critical and
Personal decision making and reflective about information and
coping with a technological ideas in an age of information.”
information-driven world
people are to make sense of the “...the ability to overcome obstacles
science and manage the and hurdles in life.”
technological objects and processes
they encounter in everyday life “...the ability to apply science”

Democratic Science is necessary for informed “Students need to think about
civic decision-making. whose voice needs to be heard.”
Participation in civic affairs
make sense of socioscientific issues
and participate in the decision-
making process
Healthy democratic societies and
citizens

Economic Science “That made her [student] want to go
Preparation of a skilled workforce into natural resources.”
for growth and productivity.

Aesthetic Science is an achievementand can ~ “...to be curious and life-long

be appreciated.
to appreciate science as a major
element of contemporary culture

learning.”

“It [science] is like a mind-opening
experience.”

2 Adapted from Driver et al. (1996)
b Adapted from NRC (2016).
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The most frequently discussed innovation was that of the three dimensions. Nearly all but one
participant mentioned the three dimensions in their explanation of what is different about the NGSS. Two
participants mentioned the use of phenomena and problems to drive student learning. One participant
mentioned the explicit connection between the NGSS and the CCSS. Participants also mentioned several
instructional shifts that were not intended by the NGSS such as “hands-on,” “not more tests,” and “more
final projects.” Table 10 shows the frequency of mentions of each of the shifts when teachers were
sharing their beliefs about the NGSS.

Table 10

Participants Descriptions about What is Different with the Next Generation Science Standards

NGSS Innovation / Shift Number of Times Participants Sample evidence statements
Mentioned

1. Phenomena and problems 3 A B,C “Phenomena-driven”
“Impact on society is what makes
it [science] so rich”
“more making sense of our world”

2. Three-dimensional learning 9 A/ B /D,E “allowing students to figure out
through the dimensions”
“three strands that are interwoven
throughout your content”

3. Coherent learning progression 0 -- (Eg. “builds upon standards in
previous grade band”)

4. Connection to CCSS ELA and 1 B “has a strong literacy piece”

Mathematics

5. Depth over breadth 0 - (Eg. “focuses on essential
content™)

6. Equity: “all standards, all 0 -- (Eg “ is designed so all students

students” can learn science at a high level”)

Note. CCSS = Common Core State Standards; ELA = English Language Arts.

In an open coding analysis of the interview data, three themes emerged in terms of how teachers
described the NGSS. A summary of the analysis using open, axial, and selective coding (Saldarfia, 2013)
are presented in Table 11. Each of the three themes that emerged in participants’ descriptions of the

NGSS is discussed in detail.
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Analysis of Participants Beliefs about the Next Generation Science Standards (NGSS)

Open Codes Axial Codes Selective Codes

Thoughtful Appreciation for the design, Appreciation for the standards and

Purposeful potential, and flexibility how that design improves teaching

Framework/structure and learning.

Layers

Flexibility

Positive Positive: Hope and a sense of Challenging: Sense of optimism
positivity about the change and excitement about the NGSS,

but all were conditional phrases.

Challenging Frustration, struggle Ambitious: Recognition of the effort

Effort Acknowledging that the shifts will  involved in making the change

Complex take much time and effort Working through an unintuitive set

of standards (they are innovative,
but not easy to read or interpret).

Sense-making
Phenomena

3D (three dimensions)
Not scientific method
Literacy (integrated)
New way of teaching

NGSS shifts: Understanding of the
NGSS innovations and shifts
required in science teaching and
learning

Hands-on
Engagement strategies
Application*
Student-driven*

Underestimating the shifts required

New and Old Educational
Terminology. Through new
language (broad phrases, analogy,
mottos, contrasts like “not [this],
more [that],” or “not the scientific
method”). [teachers make sense of
NGSS through mimic, approximate,
contrast] Partial alignments between
teachers’ vision and the goals of the
NGSS

Through prior knowledge and
experience with reform. At times
recognizing and at times
underestimating the shifts needed.

Appreciation for the NGSS Design. All participants expressed an appreciation for the way that

the NGSS was designed. Participant A mentioned that the standards were “thoughtfully put together” are

“potentially exciting” for science education. Participant B echoed this sentiment in that “if we figure out

how to do it right, it [the NGSS] could revolutionize science education.”
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Participants gave several reasons for why the NGSS are an improvement upon previous
standards. Participant B mentioned that she used to struggle with science because the way she used to
learn and teach science was by memorizing a large number of isolated scientific facts. With the NGSS,
she says, that science comes together and makes more sense because the “standards [three dimensions of
science] are interwoven, like a story with all of these different parts.” Participant E also noted that the
NGSS more accurately reflects the nature of science: “Science is so big and broad and the NGSS allows
us to tap into all the branches simultaneously, not separately, but all at once.”

Participants also stressed that the NGSS science emphasizes application of scientific
understanding rather than passive knowledge acquisition. Participant C expressed that students need to be
able to “gather information and be able to apply it.” Participant B said that students are more apt to
“understanding the why” in science with the NGSS because the dimensions provide teachers and students
a guide for doing science as authentically as possible in the classroom. Participant A added that teaching
science through inquiry was popular before the NGSS, but not that well defined in the standards. The
NGSS adds details into the standards that “scaffold inquiry” for both teachers and students by defining
and integrating the three dimensions of science.

Challenging and Complex. Participants expressed concerns about the complexity of the new
standards. Even though several participants conveyed excitement about the NGSS, they also shared their
opinions about why the standards were challenging to understand and use. Participant A mentioned that
the standards are “not necessarily teacher-friendly.” Along this line, Participant D described her
experience trying to understand the SEP of Asking Questions. She said “I didn’t get it myself the first
time, about what asking [scientific] questions means” and it was only through trying it several times with
her students that she realized how to scaffold the practice with her students through the use of certain
prompts that would get students to ask relevant scientific questions.

Participant B emphasized on multiple times that the NGSS is “is a lot of work™ and that “the
NGSS is daunting.” To be clear, Participant B expressed that she valued the NGSS and the opportunity it

presents to improve science education, however, she explained that “it feels grueling on the path to
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getting there [i.e. realizing the vision of the NGSS].” She also explained that for teachers, it takes “a lot of
intentional thinking” to make sure lessons address all three dimensions at the appropriate grade level. She
also cites the lack of high-quality materials and examples as a reason for the difficulty in understanding
and using the NGSS: “Because we don’t have a lot of high-quality NGSS [materials] yet, I can’t see
someone who has done it well. If you don’t have a good model to look at, it is hard to see [what the
NGSS is about].”

On another note, Participant C mentioned that the volume of the standards makes it difficult to
focus his teaching. “It [the NGSS] could be overwhelming. It is better to have less benchmarks and be
able to do them with quality.” Participant E similarly expressed that there is a lot to learn about the NGSS
and that even the most cutting-edge science program “is only a small picture of what the creators envision
for NGSS.” To emphasize that the NGSS might require a paradigm shift in the way teachers teach
science, Participant B stated that “the NGSS is a complete shift in thinking.” Although the NGSS has the
potential to support the improvement of science education, all participants in the study shared that the
standards can be challenging to implement because of the standards’ complexity.

Educational Vocabulary. The NGSS introduced new terminologies in science education which

participants were using during the interview. Participants were certainly using phrases consistent with the

29 . 29 ¢

NGSS and Framework such as “sensemaking,” “three-dimensional learning,” “phenomena,” and
“performance expectations.” While participants providing formal definitions for the new terminology was
not expected, the interview revealed that participants relied on terminology to approximate the meaning
of new terminology. For example, four out of five of the participants used the term “hands-on”
investigations and all participants used the term “inquiry” in their descriptions of science teaching and
learning with the NGSS. While the NGSS builds upon inquiry and “hands-on” investigations, these terms
do not necessarily represent the shifts in science teaching and learning with the NGSS.

As an example, the concept of “sensemaking” is prominent in the NGSS to describe the type of

thinking involved when trying to fill a gap in a scientific explanation about a phenomenon (Odden &

Russ, 2018). Participant A shared that sensemaking involves “not giving answers [to students]” and
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letting students “figure out [explanations to phenomena] through the [three] dimensions.” Participant B
mentioned that the crosscutting concepts, such as Systems and Systems Models, are “helpful [to students]
to make sense of cells.” In this example, sensemaking is conflated with learning a concept rather than
seeking an explanation for a phenomenon.

Additionally, phenomena is another concept that represents a key shift in science education with
the NGSS. When asked about the phenomena in their lessons, participants' responses revealed variations
in their conception of the definition of phenomena. For example, Participant A said the phenomena in his
lesson was “the ways in which resources were obtained (in Hawai‘i) before versus now.” Participant B
and E shared their lesson essential questions as the phenomena of their lesson. Participant C stated that
the phenomenon was the “Milo sprout growth.” Participant D, although she did not explicitly mention the
phenomenon in her lesson, shared that “Antarctica has the most sun when the Arctic has no sun” as a
possible phenomenon she could use to anchor her lesson. These variations in participant responses reveal
a diverse range of conceptions about the educational terminology that accompanies the NGSS.

The Presence of the NGSS in Participants’ Lesson Vignettes

The three dimensions of the NGSS were present in all five participants’ lesson vignettes. Three of
the five lessons focused on life science, one lesson focused on Earth and space science, and one lesson
focused on physical science. In terms of the SEPs, two of the lessons focused on questioning, two of the
lessons focused on analyzing data, and one lesson focused on conducting a controlled experiment. In
terms of the CCCs, three lessons emphasized cause and effect, while the other two lessons emphasized
patterns and systems. The five participants’ lessons included a range of scientific practices, crosscutting
concepts, and disciplinary core ideas as summarized in Table 12.

While all three dimensions were present in participants’ lesson vignettes, the presence of grade-
appropriate elements from each of the three dimensions in all of the lessons was less evident. Two lessons
aligned fully with a middle school appropriate SEP element. The same two lessons also aligned fully with

a middle school appropriate DCI element. In all five lesson vignettes, only partial evidence of the grade-
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appropriate elements of the CCCs was found. The analysis of the presence of phenomena and the three

dimensions in participants’ lessons vignettes are presented in Table 13.

In terms of the lesson focus, three of the lessons had a clear focus on supporting students in

seeking an explanation of a phenomenon. For example, in Lesson E students were tasked with explaining

how people can kick a ball so that it moves (i.e. in a particular way). The other two lessons included

phenomena but focused more on learning a scientific concept by using the phenomenon as a hook or

example. For example, in Lesson D, the goal was for students to explain how photosynthesis worked in

plants such as Milo sprouts. In these two lessons, the phenomenon is present in the lesson but is not the

focus of the learning.

Table 12

Summary of Three Dimensions and Phenomena in Participants’ Lesson Vignettes

Lesson Phenomenon SEP CCC DClI
A Lokoi‘a Questioning Patterns Life Science
B Disease spreading Modeling Systems Life Science
C Milo sprouts Experiment Cause and Effect Life Science
D Sun angle and Analyzing data Cause and Effect Earth Science
seasons
E Kickball Questioning Cause and Effect ~ Physical Science

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core

Ideas.

In general, each of the lessons varied in terms of alignment to the three dimensions and the focus

on explaining phenomena. Lesson A had a strong focus on the phenomenon with high alignment to

middle school elements of the SEP and DCI, with a weaker alignment in the CCC. Lesson B and Lesson

E focused strongly on phenomena, but the central tasks of the lessons only partially addressed the middle
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school elements of the three dimensions. Lesson C focused more on conducting an experiment rather than
focusing the lesson on explaining a specific phenomenon (i.e. regarding the Milo sprouts). The lesson
partially addressed a middle school SEP and CCC element but did not directly address a DCI in the
middle school grade band. While photosynthesis was the content focus of the lesson, the concept of
photosynthesis was not present or developed in the lesson described and was introduced to students
separately in the later lessons. Lesson D had strong alignments with the SEP and DCI middle school
elements. While students were focused on interpreting data and connecting their data to a model of how
seasons work, the lesson did not have a clear phenomenon driving the learning.

Table 13

Presence of the Three Dimensions and Phenomena in Participants’ Lessons

Lesson Focus on SEP CCC DClI
Phenomena
A 2 2 1 2
B 2 1 1 1
C 1 1 1 0
D 1 2 1 2
E 2 1 1 1

Note. SEP = Science and Engineering Practices; CCC = Crosscutting Concepts; DCI = Disciplinary Core

Ideas; 2 = adequately addressed, 1 = partially addressed, 0 = not addressed.

Summary

To conclude, the goal of the analysis was to describe how five middle school science teachers in a
complex area in Hawai‘i were making sense of the NGSS in their teaching beliefs and practices.
Addressing my first research question about how middle school science teachers were describing their
understanding of the NGSS, the results of my analysis indicated that teachers most frequently cited the
three dimensions but seldom mentioned the other conceptual shifts of the NGSS (i.e. such as how the

standards are designed for more equitable science learning or how the standards emphasized essential
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content and practices). The lesson analyses addressed the second question about how teachers were using
the NGSS in their practice. In participants’ science lessons, the three dimensions were present in all
lessons but often required an element of a SEP, CCC, or DCI that was below the middle school grade
band. Additionally, the participants described their lesson phenomena in different formats: as a question,
as a scientific concept, or as an event in the natural world. While all lessons included phenomena, not all
lessons focused students’ learning on seeking explanations of phenomena. In this chapter, | summarized
my analysis of the results of the interviews with the five participating middle school science teachers in
the study. In the following chapter, | address my third research question about some of the lessons learned

from the case studies of teachers’ efforts to translate the NGSS into their teaching.
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Chapter 5: Discussion and Conclusions

In this study, I have explored how five middle science teachers in one complex area in Hawai‘i
have described their general beliefs about the NGSS. | have also examined evidence of the NGSS in each
of the participants’ lessons. The study also sought to represent a more complete picture of the negotiated
meanings of the NGSS that were taken up by these five teachers in their reflections about the NGSS and
descriptions of their teaching practice with the NGSS. The primary question of this study was “How are
middle school science teachers in Hawai‘i making sense of the NGSS in their teaching practices?” The
research sub-questions were the following:

1. How do middle school teachers describe their understanding of the NGSS and the
implications of the NGSS on science teaching and learning?

2. How are teachers reasoning about and using the NGSS in their practice?

3. What might be some lessons learned (strengths, opportunities, challenges) from these
cases of teachers’ efforts to translate the NGSS into their practice?

To answer the first research question, | analyzed how participants described their beliefs about
the NGSS and how it differed from previous standards. According to the first phase of the analysis, there
was a high frequency in participants’ comments about the three dimensions of the NGSS. However,
teachers did not make comments about the other conceptual shifts of the NGSS, such as the coherent
learning progression or the focus on essential science content. This is not entirely surprising given that the
three dimensions are perhaps the most prominent feature of the NGSS. However, participants did not
frequently discuss the centrality of phenomena in science learning in their comments about the NGSS.

During the interview, although | made a conscious attempt to probe participant beliefs about the
NGSS, I avoided any specific prompting about the NGSS shifts that were not mentioned by participants.
My findings, therefore, may underestimate teachers’ awareness and attention to the other NGSS shifts.
Nevertheless, my results suggest that the five teachers were most attentive to the three-dimensional

structure of the NGSS and less attentive to the other conceptual shifts of the standards.
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To address the second research question, | asked participants to share and describe a lesson that
they felt most represented their progress with the NGSS. After identifying the main student task or
student performance in each of the participants’ lessons, I found evidence of the three dimensions in all
participants’ lessons. However, not all lessons required students to engage in the three dimensions at the
appropriate or middle school grade level. Many of the lessons required an element of a SEP or DCI that
was below the middle school grade band. All of the lessons required an element of a CCC that was below
the middle school grade band. Despite the significance of the three dimensions in the NGSS, participants'
lessons at best had partial alignments to the grade-appropriate elements of the three dimensions.

Additionally, participants used different formats to describe the phenomenon in their lesson. One
participant described the phenomenon as a phrase: “Milo sprouts.” Another described the phenomenon as
a question: “How does a human make a ball move?” The variation in how participants described the
phenomenon in their lesson suggests that there is some uncertainty about what constitutes a phenomenon
in an NGSS-aligned lesson and the role that phenomena play in a science lesson. In some lessons,
students were focused on reaching a deeper understanding of the phenomenon. In other lessons, the
phenomenon was used to initiate the lesson, but students did not have to revisit the phenomenon to
explain the phenomenon. For instance, in the Milo sprout lesson, students had to explain how
photosynthesis works, but students were not necessarily required to use an understanding of
photosynthesis to explain any particular phenomenon about the Milo sprouts. While phenomena were
present in all of the participants' lessons, some lessons were still focused on explaining a scientific
principle or theory—not all lessons focused on seeking an explanation of phenomena.

To address the third research question, this chapter expands on some of the lessons learned from
my exploratory case studies. In the following section, | discuss strengths, opportunities, and challenges
that arose from my investigation of five middle school teachers who were making notable progress with
the NGSS within the initial three years of implementation. School leaders and professional development

providers who support teachers with NGSS implementation may find that these implications can offer
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significant starting points for ongoing discussions about how to improve science teaching and learning for
students with the use of NGSS.
Discussion of Results and Implications for Supporting Teachers with the NGSS

As described previously, the Interconnected Model of Teacher Growth hypothesizes that teacher
growth is characterized by greater connections and interactions between teacher belief and practice
(Clarke & Hollingsworth, 2002). In this section, | draw upon the Interconnected Model of Teacher
Growth to discuss the conclusions and implications from my study.
Clarify What the Standards Mean for Daily Teaching Practice

While some participants expressed excitement around teaching with the NGSS, all five
participants expressed confusion about the standards and their translation into the classroom. Participants
expressed challenges with the design and complexity of the new standards. The perspectives of the
practicing teachers should be weighed carefully since teachers are a key factor of educational change
(Cohen, 1990; Cohen et al, 2003; Spillane et al., 2002). For other teachers learning about the NGSS, a
similar challenge with interpreting the standards may preclude teachers’ efforts to leverage the standards
to improve science achievement for all students. Without addressing teachers’ rising uncertainty and
frustration with the standards, science education is unlikely to improve in Hawai‘i.

According to the Interconnected Model of Teacher Growth (Clarke & Hollingsworth, 2002), the
NGSS represent a change in the teacher’s external domain because the standards are a new source of
information designed to impact their professional beliefs and practices. The results from my study suggest
that the five participating teachers all experienced a shift in beliefs about science teaching: namely that
science teaching and learning should involve phenomenon and the three dimensions of the NGSS.
Through experimenting with the NGSS in their lessons and reflecting on their practice, the teachers were
certainly engaged in ongoing cyclical processes of refining their science teaching. The teachers, however,
struggled to connect these beliefs about the NGSS to specific teaching practices or specific student
outcomes. One participant explained that he felt there was a disconnect between the vision of the NGSS

and what he was expected to do differently in his classroom: “NGSS at the highest level means to take
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that connection they [students] have and then what are they going to do with it [application]...I don’t have
things [lessons] documented and application-focused.” Additionally, some of the participants continued to
express that the NGSS implies the need for more “hands-on” experiences; for example, one participant
expressed that “the best science is when it is hands-on.” Another participant said she felt that a
shortcoming of her unit was that “the unit didn’t have a lot of ‘hands-on’ as much as I would have liked.”
By contrast, the Framework for K-12 Science Education (NRC, 2012) scantily mentions the term “hands-
on,” and the NGSS makes clear that an emphasis on a “hands-on” approach to science learning can
misrepresent the full range of activities practiced by scientists in the real world (NGSS Lead States,
2013). Furthermore, the participants expressed a lack of clarity about what the NGSS meant for their
science teaching. One participant said he felt he needed more “assessments that provide clear evidence of
the three dimensions™ and “strategies for authentic use of the practices.” Another participant stated that he
struggled with what the NGSS meant for his curriculum in terms of scope and pacing: “If I can see the
benchmarks, and see if | can bundle them, that might help me make more time in my curriculum.” Yet
another participant expressed that she didn’t yet know how to address the tension between focusing the
lesson and letting students engage in the practices of science: “I want kids to question, but how do we
focus back on what we needed to learn?”

This study provides evidence that even well-regarded teachers are likely to struggle to
comprehend the structure of the NGSS and the intended implications for science teaching in the
classroom. This finding is unsurprising against the critiques in the literature that have argued that the
complexity of the NGSS can make the standards challenging for teachers to understand and implement in
their teaching (Friedrichsen & Barnett, 2018; Fulmer et al., 2018; McFadden, 2019; McNeill et al., 2016).
Fulmer et al. (2018) noted that the multiple components and layers of the standards—the three
dimensions, the performance expectation, the evidence statements, the Framework for K-12 Science
Education (Framework), etc.—can make it unclear what teachers should refer to when attempting to align
their instructional practices. For example, the Framework articulates a vision for science teaching and

learning and provides compelling reasons for teachers to change their practice: (a) science teaching and
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learning should be phenomenon-centered to increase equity and rigor; (b) knowledge and skills should not
be taught in isolation; and (c) students need to be epistemic agents and have the ability to construct
scientific knowledge rather than simply learning facts from textbooks (Bybee, 2014; NGSS Lead States,
2013; Penuel & Reiser, 2018; Pruitt, 2014). In the study, however, none of the participants cited the
Framework as a resource in their learning about the NGSS. Additionally, the appendices of the NGSS
provide insights about why classroom science needs to change and greater specificity about the standards,
such as the learning progressions for each of the three dimensions, how instruction with the three
dimensions allows for more equitable science learning, and how the standards integrate with the CCSS.
However, participants in the study did not mention or elaborate on any of these conceptual shifts when
describing how teaching and learning should be different with the NGSS. Participants’ lessons also
revealed a lack of attention to the specific middle school level expectations in the learning progression:
the elements of the three dimensions that were present in the lessons were often below the middle school
grade level.

Without clear organization and prioritizing essential information, teachers can quickly develop
misconceptions about the NGSS (Bybee & Pruitt, 2017; McNeill & Berland, 2017; McNeill et al., 2016).
Teachers can be caught by surprise when they discover important concepts about the standards. For
example, in my study, Participant D expressed that it took her nearly a year to understand what was
expected of students in terms of the SEP of Asking Questions. Initially, the participant thought that the
standard required students to simply ask questions about a phenomenon; as a result, students would ask
all types of questions, which the participant felt were largely unfocused and instructionally unproductive.
Only after multiple attempts of teaching and reflecting on this standard did the participant realize that the
questions should be connected to how students believe the phenomenon should be investigated, a target
which the participant expressed made more sense to her and the students. Although technically stated in
the NGSS appendix, a description of this middle-school expectation for the SEP of Asking Question is
apparently absent from the standard the teacher was targeting in her lesson, which may explain why the

teacher had missed this essential detail in her initial lessons.
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The results of my interviews with teachers suggest that even educators who have attended
numerous professional learning sessions on the NGSS may grapple substantially with understanding what
instructional and curricular shifts are required for the NGSS. For example, in my study, participants had
varying conceptions about what a phenomenon is and the role phenomena play in science teaching and
learning with the NGSS. None of the participants cited the specific middle school expectation of the three
dimensions in their description of the NGSS or their science lesson. This suggests that the teachers were
addressing the three dimensions generically or at the broadest level rather than teaching the dimensions at
the expected middle school level. The reason that these instructional shifts are challenging to implement
may be due to the lack of clarity in the way the standards are written. Participant A admittedly said that
although he felt the standards “thoughtfully put together,” ultimately the standards are not “teacher-
friendly.”

Teachers need to be able to learn new things efficiently as they are always on the job. Researchers
from Achieve Inc. (2017) have said that teachers will likely need 100 hours of professional learning to
adequately understand the NGSS. However, the preponderance of information that an educator must sift
through to understand the standards may be well beyond what is practical and realistic for the regular
classroom teachers. The participants in my study all engaged in formal school-, district-, and state-
provided professional development for the NGSS, but they also engaged in self-initiated forms of learning
such as reading books, articles, and other online materials. Despite having accumulated hours of
professional learning about the NGSS, participants in the study expressed confusion and sometimes
frustration with the NGSS. One of the participants said that even with all the professional development
she participated in, she still has trouble seeing what “good NGSS teaching” looks like.

In this study, participants’ frustration with the standards suggests that if standards are intended to
shift teachers’ beliefs and practice in science teaching, then the standards need to be easy to understand
and easy to learn. Teachers need both declarative knowledge about the standards, and the procedural
knowledge to implement the standards in the classroom. While the NGSS are packed with information,

several participants expressed a need for clearer guidelines that could support them in making connections
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between the standards and what it entails for their daily practice. Participant B exclaimed that “if you
don’t have a good model [of NGSS teaching] to look at, it is hard to see.” Those who support teachers
with the NGSS standards should therefore consider dedicating more resources and time to helping
teachers in drawing a clear connection between daily teaching practices and how that practice addresses
or does not address specific and intended components of the NGSS.

In my own practice as a resource teacher, | have noted that teachers frequently miss that a)
assessments, as well as instruction, must use phenomena; b) instruction must target grade-level
requirements for proficiency (which are located in the appendices of the NGSS); ¢) standards only
describe the targets for assessment (for instance, about 10% of classroom time); and d) targets for daily
instruction should also draw upon all elements of the NGSS even if they are not stated in the standard.
This study provides evidence that these misconceptions about the NGSS can prevail even for highly
regarded science teachers who learned about NGSS through both formal and self-initiated professional
development. The NGSS seeks to improve science education in all classrooms in all schools in the United
States. As standards play a role in educational reform, how the NGSS represent an improvement from
previous standards needs to be clear and accessible to the typical classroom teacher. However, due to the
inherent complexity of the NGSS (and the insufficient support in the standards documents for their
accurate interpretation), this study demonstrates that without clear guidance about what the NGSS entails
for daily instruction, teachers may miss many of the important details that are consequential for
improving their science teaching practice. Despite the instructional value of a resource (eg. standards and
their accompanying documents), teachers are unlikely to adopt a resource despite its instructional
potential if the criterion of usability at the classroom level is ignored (McFadden, 2019).

Provide Sufficient and Explicit Strategies, Examples, and Support for Teacher Growth

Teachers need to know what the standards imply for their daily practice. The implementation of
any reform that does not translate into the instructional core ultimately does not impact students (City et
al., 2009). Therefore, while the NGSS standards present an opportunity to improve science learning for all

students, the standards themselves are not a solution: improving science learning requires shifting
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teaching beliefs and practice (Moulding & Bybee, 2017). In my study, a few of the participants expressed
how they were acutely aware of how much they did not yet understand about the NGSS. Despite
numerous hours of professional learning that participants engaged in and their understanding of the
NGSS, participants in the study still communicated that aligning their instructional practices to the NGSS
was still a challenge. This finding is echoed in participants’ lessons, in which there are only partial
alignments to the NGSS in terms of the three dimensions and phenomena. Therefore, it can be argued that
teachers who truly buy into the vision of the NGSS still need to learn and develop a coherent program of
instructional strategies that are not only immediately applicable in the classroom but also closely aligned
with the intended shifts of the NGSS and the specific components of the standards.

In terms of the Clarke and Hollingsworth (2002) model of teacher growth, this study of five
middle school science teachers in Hawai‘i provides evidence for a disconnect between teacher practice
and teacher beliefs. For example, to move forward in their teaching with the NGSS, participants shared
that they needed more concrete tools, strategies, and examples of the standards in daily practice. One
participant said that he wanted more examples of “authentic use of the three dimensions.” Another
participant expressed the need for more concrete examples of NGSS assessments. Despite what
participants identified as a need, my examination of the participants' lessons suggests that there is a need
for greater attention to the grade-appropriate elements of the three dimensions. Although grade-level
elements of the three dimensions were emphasized in previous district- and state-level professional
learning sessions, these elements were only partially present in participants’ lessons. These findings
suggest that even when teachers are introduced to the learning progression for the three dimensions,
teachers may struggle to integrate the elements into their daily teaching practices at the appropriate grade
level.

This finding implies that teachers are likely to benefit from professional learning that combines
explicit strategies for instruction in connection with content that deepens participants’ understanding of
the NGSS. Based on this study, an area where explicit instructional strategies would support the

participating teachers with the NGSS is the CCCs. Despite some of the participants indicating that the
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CCCs were the most important thing for students to understand, none of their lessons addressed
appropriate CCC elements for middle school. If the participants were introduced to tools for scaffolding
the CCCs, such as graphic organizers, specific CCC questioning prompts, or particular content
representations associated with the CCCs, they would be more likely to have incorporated the CCCs into
their lessons at the appropriate level.

In this study, the finding that the CCCs were only partially present in participants’ lessons
suggests that teachers are likely to teach science using only one or two of the dimensions of the NGSS—
namely, the SEPs and DCls. This is alarming because the incorporation of the third dimension, the CCCs,
into the standards is a key innovation of the NGSS. In science, the CCCs represent the discursive tools
that scientists most often rely on in conceptualizing, communicating, discussing, and evaluating scientific
claims (Anderson et al., 2018). Scientists often rely heavily on this deep-knowledge schema (Willingham,
2009) when making sense of scientific phenomena, and doing so helps to link scientific knowledge and
practices in a way that leads scientists to generate new knowledge about the phenomenon (NRC, 2012).
Despite the power of the CCCs to connect practices and core ideas in science (NRC, 2012), the CCCs are
often taken for granted, implicit, or ignored; the CCCs are seldom made explicit in the classroom as a
criterion or norm of participation in science (Rehmat et al., 2019). This study provides evidence that in
absence of specific strategies to teach with the three dimensions an inattention to all three dimensions of
the NGSS is likely to persist in teachers’ practices.

A strategy that might support teachers with the CCC is foregrounding the CCC when planning
and teaching the science lesson or unit. Teachers and developers customarily begin with the DCls as the
starting point for unpacking the standards and planning instruction (Fulmer et al., 2018), which can lead
to an overemphasis on teaching scientific content. While the CCCs have potential to support productive
connections across ideas and support students in making connections between their ideas, this potential is
still under conceptualized and untapped (Fick, 2018). Using the CCCs as a starting point for planning
instruction, as Fick (2018) suggested, however, offers teachers the opportunity to learn more deeply about

the CCC and also greater flexibility in planning, while still attending to the level of sophistication of
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understanding students should be developing across each grade level. As the CCCs serve to connect the
DCls and SEPs (NRC, 2012), attending to the depth of understanding about the CCCs in the unit serves
as a supportive scaffolding for incorporating the other two dimensions at the appropriate grade levels.

Another area where specific strategies and examples could support teacher learning about the
NGSS is in the role and use of phenomena. According to the vision of the NGSS, phenomena are not to
be used in the service of learning science ideas; instead, scientific ideas, practices, and crosscutting
concepts are to be used in the service of making sense of phenomena (Furtak & Penuel, 2018). This
study’s findings suggest that teachers are still likely to identify non-examples of phenomena—such as
experiments, data, topics, concepts, or objects—as the focus of a lesson. For example, one participant
stated that the “Milo sprouts” was the phenomenon in the lesson, however, the lesson was not clear in
what students were required to explain about the Milo sprouts. Another participant stated that she didn’t
think about what the phenomenon was in her lesson; her lesson focused primarily on students acquiring a
particular scientific concept rather than figuring out how to explain a specific or puzzling phenomenon.
The selection of appropriate phenomena is important for deep learning in science: phenomena that are
richer and more complex generate more room and entry points for productive reasoning and engagement
in sense-making practices and discussions (Sandoval & Kawasaki, 2020; Lowell & McNeill, 2019). For a
phenomenon to be instructionally valuable, the phenomenon needs to be characterized by sufficient
ambiguity that productive sense-making, creative reasoning, and knowledge generation can occur (Foster,
2011). Evidence from this study suggests that teachers may need specific examples of how and when to
use different types of phenomena and how certain phenomena can yield opportunities for deep sense-
making while other phenomena (or non-examples of phenomena) can restrict or limit opportunities for
student sense-making in science.

Furthermore, while all participants provided statements expressing their beliefs consistent with
the personal argument for science education, most of the phenomena in participants’ lessons did not
reflect this belief. The personal argument for science education reasons that individuals need scientific

literacy to address issues and challenges that emerge in their personal and community contexts, and make
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informed decisions that lead to richer, healthier lives (NRC, 2016). However, most of the participants
used phenomena in their lessons that did not meaningfully or substantially connect to everyday issues,
challenges, or decisions in students’ everyday lives or community contexts. For example, one participant
conducted a lesson on how our body gets the energy to kick a ball; however, the lesson did not have a
clear connection to why this might be important for students to learn or how this enables students to make
better decisions in their everyday lives. Another participant conducted a lesson on the different angles of
incidence of sunlight throughout the year. Similarly, while students may develop an understanding of the
patterns in our Earth-Moon-Sun system in the lesson, the lesson made no clear connection to possible
decisions students might need to make about their health, consumption of materials and energy, or
lifestyles. These findings provide evidence that although teachers may express certain beliefs about
science education, teachers’ expressed beliefs do not always connect to their teaching practices. Teachers
may still need professional learning about actionable instructional strategies and classroom-based
examples that support the translation from beliefs to actual classroom practices.

The prevalence of superficial implementation of new standards and reform initiatives has been
well documented in research. When new science standards were implemented in the past, schools quickly
incorporated the language of the new standards in their units and lesson plans and rearranged the content
of their lessons to match the new standards (NRC, 2007). Unfortunately, a shift in curriculum maps tells
very little about what shifts if any are occurring in science classrooms. The results of my study point to a
potential reason for why cursory alignment to the NGSS may take place: nearly all participants mentioned
that the NGSS can be “difficult to grasp” and “overwhelming.” Despite all participants expressing
optimism in the innovative vision of the NGSS, participants’ lessons revealed a reliance on old but
familiar teaching strategies such as “total participation techniques,” a “discussion diamond,” “color-
coding the NGSS targets,” and doing more “hands-on projects.” These strategies can support but do not
necessarily ensure alignment with the NGSS. For instance, while three of the participants mentioned
“hands-on” activities as a strategy that was consistent with the NGSS, the NGSS emphasizes conceptual

sense-making rather than the hands-on component of instruction (Furtak & Penuel, 2018). This study
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provides evidence that without a coherent set of specific instructional strategies designed for the NGSS,
teachers may rely on familiar teaching practices that are not always consistent with the conceptual shifts
of the NGSS.

This study revealed that all five participating middle school science teachers struggled to enact
NGSS instruction in the classroom. The literature points to a potential reason for why teachers may feel
that the new standards are challenging: Duschl and Bybee (2014) reasoned that because the three
dimensions are intrinsically integrated in science, instruction with the NGSS requires embracing a suite of
teaching practices that must work together to create sense-making opportunities for students; therefore,
shifting teaching practice for the NGSS may demand teachers acquiring not just a handful of strategies in
isolation but a cohesive repertoire of teaching practices that must work in unison. Windschitl et al. (2012)
argued that even the best teachers rarely utilize a coherent system of high-leverage teaching practices;
because teachers are often left on their own to figure out these high-leverage teaching practices, very few
teachers develop these skills and deliver high-quality science instruction. The results of this study suggest
that even highly-regarded teachers may require well-designed professional learning around a cohesive set
of teaching practices to improve their instruction with the NGSS. Even with high-quality programs and
materials designed for the NGSS, teachers may not necessarily shift their teaching practices. For example,
participants from School H all piloted a high-quality science program during the first two years of
implementing the new standards. Although the participants from School H all said that they learned a lot
from the program, the lessons the participants shared during the interview revealed that the teachers still
struggled to teach the appropriate elements of the three dimensions and leverage phenomenon for sense-
making in their lessons. This finding suggests that while high-quality materials can support teachers with
the NGSS, there is likely still a need for professional learning that supports teachers in integrating
effective teaching practices into daily instruction as well as grounding instructional practices in the

appropriate teaching principles.
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Consider the Role of School Contexts

A curious finding from the study was that teachers from the same school appeared to share more
similarities in terms of their beliefs about science education and their teaching practices with the NGSS.
The differences in beliefs and practices of participants from two different middle schools point to a well-
established idea in the literature on how teachers’ professional environment can impact their professional
learning and growth (Clarke & Hollingsworth, 2002). In this section, | briefly describe the distinctive
characteristics of each school in terms of my findings and the implications for professional learning at
each of the schools.

Clarke and Hollingsworth (2002) stressed that the school context can have a significant influence
on teacher professional growth at various stages, as shown previously in Figure 5. In my study, for
example, a participant at one school felt constrained at the stage of experimentation because she felt
pressured to follow the same curriculum and pacing as her colleagues, which was an expectation at her
school. The participant stated that “I had a lot of resources [for the NGSS], but not enough control to fully
explore it [in my classroom].” A participant from the other school in the study expressed that because his
school allowed him to participate in classroom visits to the elementary schools, he gained a new
perspective on what was important to teach in science at the middle school level. However, the participant
also expressed feeling constantly pressured to get through all of the benchmarks for his grade level: “I
feel we always have to cover this [and that] content... it takes away from the learning process.” Since
teacher growth is complex and idiosyncratic (Clarke & Hollingsworth, 2002), these examples do not serve
to illustrate that certain school factors are inherently desirable or undesirable for teacher learning; instead,
these examples merely add to the evidence that certain school factors can support or constrain a teacher’s
professional learning at different stages. Whether or not a school environment or condition supports
teacher growth likely depends at least in part on the attributes of the individual teacher.

In my study, the three participants from School H tended to provide descriptions of the NGSS
that were more consistent with aesthetic and democratic arguments for science education. For example,

participants shared that science is important to learn because science is a “mind-opening experience” and
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that understanding science is critical to assessing our “how these things [in our world] affect us” and how
we in turn are “impacting our world.” Consistent with these belief statements, participants used
phenomena in their lessons that were complex and suitable for learning a broad range of interdisciplinary
scientific ideas. For example, in the lesson that focused on how to manage the loko i‘a to produce enough
fish to feed an entire community, students could meaningfully develop an understanding of biodiversity,
human impacts, and the cycling of matter and energy in ecosystems. In the lesson about preventing the
spread of disease, students could eventually develop an understanding of human impacts, cell biology,
and population dynamics. Participants from School H all emphasized that they felt they still had much to
learn about the NGSS. For example, one participant from School H admitted that she did not feel that they
were close to achieving the vision of the NGSS; she offered several examples of lessons she taught that
she felt needed a lot of work to align with NGSS and said “we don’t always do it [teach at the level of the
NGSS], but we always strive for that.” Another participant from School H stated emphatically that she
felt she still had “a lot” to learn about the NGSS and said, “I think I’'m still scratching the surface!” The
third participant in School H went on to predict that “it may take another five to six years [for our school]
to get to eighty percent in our practice and understanding of the NGSS.” A final but not insignificant
finding from the data from participants from School H is that they frequently responded to questions
using a plural pronoun “we” rather than “L,” suggesting that the teachers saw themselves as part of a
professional community rather than as an individual or isolated teacher.

The findings from my study in addition to specific details of the school context of School H
provide clues about the type of professional learning that might be appropriate for the school. Teachers at
School H generally have less than 10 years of teaching experience due to the teacher turnover rate at the
school. All teachers teach two subjects; therefore, the science teachers from School H in this study also
teach mathematics. Additionally, a curricular focus at School H has been to increase student agency and
inquiry in lessons in all core subject areas: language arts, social studies, science, and mathematics. Each
year, teachers revise their units based on student data and teacher feedback from previous years.

According to Frank et al. (2011), these characteristics of School H suggest that its teachers are likely to
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benefit from an intensive and coherent system of professional learning that aims to develop teacher
understanding of NGSS as well as practical classroom strategies consistent with the conceptual shifts.

For School M, both participants provide descriptions of the NGSS that were more consistent with
personal and economic arguments for science education. The teachers wanted students to develop the
ability to “problem solve and question [information about the world]” as well as be able to “apply it” in
their everyday lives and careers. In their lessons, the participants highlighted phenomena that were more
suitable for a single-day or two-day lesson such as the Milo sprout experiment and the changing angles of
incidence of sunlight with the seasons. Because the phenomena were narrower in scope, the lessons from
both participants focused on developing a scientific concept rather than explaining a puzzling
phenomenon. In their descriptions of the NGSS, participants from School M teachers tended to focus on
specific instructional strategies and content coverage in their implementation of the NGSS. For example,
one teacher mentioned that over time, students will eventually “get better with the NGSS.” The teacher
added that “T want kids to ask questions, but how do we focus on what [content] we need to cover?
[rhetorical]” The second participant from School M described at length how he figured out how to
logically sequence the content from the different domains of science (i.e. life, physical, Earth and space
science) across the different quarters of the year.

Given the high turnover rate of teachers in School H, teachers in School M generally have more
than 10 years of teaching experience. In School M, most teachers teach single subjects. According to
participants in the study, teachers at School M have individual professional autonomy to design their
lesson based on common standards. Teachers in School M come together in professional learning
communities to collaborate during monthly department meetings and quarterly workshop days. According
to Frank et al. (2011), these characteristics of School M suggest that teachers may learn more from
opportunities to try new strategies in the classroom and discuss their efforts with colleagues. Indeed, both
of the participants in this study from School M tended to emphasize specific strategies in their

descriptions of the NGSS and their lessons. Therefore, professional learning at School M might
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emphasize high-leverage practices for the NGSS and provide increased structured opportunities for
teachers to engage in professional dialogue about their experience teaching with the strategies.

The finding that participants from the same school share similarities in beliefs and practices
confirms what is known from previous studies that teacher beliefs, practice, and professional learning are
deeply connected with school contexts and environments (Thompson et al., 2019). In my study,
participants from the two schools espoused slightly different visions of science education and emphasized
different aspects of the NGSS in the lesson they discussed. Participants from different schools also
expressed different challenges and needs with the NGSS. A one-size-fits-all professional development
program is unlikely to be equally effective across schools, even if the schools are within the same
complex area. The findings from my study suggest that efforts to support teachers with the NGSS should
acknowledge the unique strengths, needs, and contexts of the school and use that information to consider
how the required change is likely to unfold at the school.

Lessons Learned for Supporting Teachers with the NGSS in Hawai‘i

Having discussed the results of my study, in this section, | summarize the implications of this
study in relation to my role as a complex area resource teacher in Hawai‘i. I also present the potential
implications of this study for educational leaders and professional development providers who are
invested in teacher growth with the NGSS in Hawai‘i.

The first implication of my study concerned clarifying what the NGSS means for daily teaching
practices. All five middle school science teachers expressed a lack of clarity about what the NGSS means
in terms of daily teaching practices. While the NGSS were not intended to specify how science should be
taught (NGSS Lead States, 2013), the teachers in my study had varying ideas about what the NGSS meant
for their teaching practices. Much of my initial work with teachers has focused simply introducing new
information about the NGSS; the sessions | conducted with schools involved navigating the standards,
providing a few videos, sharing examples of phenomena, and offering ideas for lessons and phenomena

that can be used for lessons. However, these sessions did not provide teachers with as many concrete
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examples of what teaching with the NGSS might look like in a day of teaching, much less across multiple
days of teachers’ science instruction.

The NGSS require some conceptual shifts in how educators think about science teaching and
science education (NGSS Lead States, 2013). Therefore, in moving forward with my support to schools
and teachers for the NGSS, | might approach teacher learning using a conceptual approach to learning to
help teachers better connect the new language and implications of NGSS to concrete examples of daily
teaching practices. For example, teachers could experience a lesson or dive into a sample lesson. Once
teachers have fully explored the lesson, I then might ask teachers a set of simple and practical questions
such as: “What students were doing that was scientific?” “How were students thinking about the
phenomena like scientists?” and “What science ideas were students developing in these experiences?”
These types of questions that are intentionally stripped of unnecessary terminology might allow teachers
to construct an understanding of the implications of the three dimensions of the NGSS that is grounded in
daily teaching practices before formally introducing terms such as the SEPs, CCCs, and DCls.
Furthermore, if teachers are ready to strengthen their understanding of how standards connect to specific
teaching practices, | might also ask teachers to examine the grade-level elements of one of the three
dimensions in conjunction with a sample lesson to discuss in what ways the lesson addressed or did not
address the targeted element. | might also prompt teachers to brainstorm examples and non-examples (eg.
teaching strategies, prompts, or academic tasks) for a targeted element so that teachers develop a clearer
picture of what the standards entail for their teaching.

For professional learning providers for the NGSS, the results from my study of five middle school
science teachers suggests that teachers’ professional growth with the NGSS can be supported through
explicit teaching strategies for the three dimensions and sufficient opportunities to connect teaching
practices and outcomes to teachers’ beliefs. In terms of the Clark and Hollingsworth (2002) model of
teacher growth, this study suggests that future professional learning for the NGSS that | provide in my
complex area may be strengthened in two areas: providing ongoing support for the processes of reflection

and enactment that connect teachers’ beliefs and practice with the NGSS; and improving the external
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domain, which are the professional learning experiences and various teacher resources that stimulate
teacher growth model (Clarke & Hollingsworth, 2002). By structuring professional learning sessions
through concrete teaching strategies and supporting teachers in connecting those strategies to their
teaching beliefs, professional development providers may be able to better support teacher growth with
the NGSS.

The second implication of my study concerned providing explicit strategies, examples, and
programs for the NGSS. The disconnect between teachers’ beliefs and practice in my study suggests a
need for increased opportunities for teachers to enact new teaching practices with the NGSS and reflect
on the enactments as well as on the results of the enactments, which is likely to foster teacher growth
(Clarke & Hollingsworth, 2002) . Although I have facilitated many professional development sessions
about how to read and use the new standards, | may not have provided enough specific strategies or
examples for the NGSS, or | may not have introduced those strategies in a way that teachers were likely
to learn and apply them in their teaching practice. In moving forward to support teachers with the NGSS
as a resource teacher, I am considering designing my professional learning sessions or program to reflect
this need for teachers to develop new beliefs in connection to new practices for teaching with the three
dimensions of the NGSS. For example, the sessions might include introducing teachers to high-leverage
strategies (Windschitl et al., 2012) that are likely to allow teachers to see the most gains in the classroom
from implementing the strategies. A couple of examples of strategies tied to the SEPs might be how to
support students with developing scientific models to explain phenomena or how to structure a class
discussion so students engage in productive argumentation using scientific evidence. Examples of a
strategies tied to the CCCs might be using particular graphic organizers to structure student reasoning
about the causes of phenomena, how to use questioning prompt to support students in identifying and
analyzing patterns in data, or how to co-construct classroom agreements about what is important to
include in a scientific model to show what is happening in the defined system of a phenomenon.

For professional development providers for the NGSS, | would recommend that the majority of

professional learning sessions emphasize practical and actionable strategies and techniques for teaching
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with the grade-level elements of the three dimensions in the classroom. Ideally, the strategies should be
embedded in high-quality instructional materials that can be adopted by schools so that the strategies are
used appropriately and in a coherent way during an instructional sequence. In addition to providing
actionable strategies and resources for professional learning, 1 would recommend a regular and frequent
program of professional learning that supports cycles of teacher reflection and enactment. I believe a
program of regular professional learning is necessary even for schools that adopt NGSS-aligned materials.
Whereas single change events in the external domain—such as the adoption of a new instructional
materials or “one-stop” professional development—can promote simple changes in teacher beliefs and
practice, a cyclical and ongoing process of teacher enactment and reflection, especially when combined
with opportunities to examine student outcomes, can promote deeper and longer-lasting professional
growth (Clarke & Hollingsworth, 2002) with the NGSS. Therefore, teachers should be regularly
prompted to reflect on how certain strategies or resources align or do not align with appropriate grade-
level elements of the three dimensions and particular NGSS conceptual shifts. For example, teachers can
be asked to discuss how the strategy of developing initial models about a causal mechanisms for a
phenomenon addresses the middle school elements of Developing and Using Models: “Develop and/or
revise a model to show the relationships among variables, including those that are not observable but
predict observable phenomena” (NGSS Lead States, 2013). Additionally, teachers can be asked to reflect
on how a strategy—such as asking students to develop initial explanatory models before conducting an
investigation or reading informational texts about relevant science concepts—supports all types of
students in learning science at a high level, which is one of the intended conceptual shifts of the NGSS
(NGSS Lead States, 2013). Teachers can also be asked how strategies and materials could be adapted for
their classroom and students while still requiring students to engage in performances at the appropriate
levels of the three dimensions. By participating regularly in these types of professional learning
opportunities, teachers may reinforce the connection between their teaching practices and their beliefs

about the NGSS.
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The third implication of this study was the consideration of school context in supporting teachers
with the NGSS. In my role as a complex area resource teacher, | designed and implemented a multi-year
program of professional development sessions for the NGSS for schools in my complex area. While | was
I aware that | needed to consider the unique contexts of each school, | believe | may not have paid
sufficient attention to how the affordances and constraints at each school would ultimately affect how the
NGSS would impact science teaching at the level of classroom instruction and daily practices within
teachers’ school contexts. For example, while I introduced teaching strategies for the three dimensions of
the NGSS, teachers are unlikely to the use a strategy if the strategy does not fit into their curriculum or if
their school-level support for implementing new teaching techniques is not provided. As one participant
in the study admitted, she did not feel she had enough freedom to experiment with the NGSS at her
school. While complex-area-level professional development opportunities may be valuable at the onset of
NGSS implementation, in moving forward with my support to schools and teachers, | would take a
different approach. Instead of providing professional learning at the complex-area level, | would work
more closely with a team at each school comprising the teacher leaders and administrators to co-design a
professional learning program that appropriately accounts for various affordances and constraints at the
school. While there are many school aspects that can be a barrier to change, a few aspects to consider
might include the current science curriculum, teachers’ current practices and strategies, schoolwide
initiatives and priorities, and teachers’ level of comfort with change. If teacher growth with the NGSS is
the goal, then the program will likely need to account for sufficient cycles of teacher enactment and
reflection with the NGSS over time to build up teachers’ beliefs and practices with the new standards.

Additionally, in terms of supporting schools with their professional development programs for the
NGSS, I would recommend conducting a school needs and context assessment in order to determine what
type of professional development program might be appropriate for the school based; this assessment
should be informed by both professional experience as well as previous research. For example, studies
such as that by Frank et al. (2011) suggest that different types of professional learning are appropriate for

teachers at different stages of implementation. Clarke and Hollingsworth (2002) provided evidence that
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school conditions can impede or support teacher growth at various stages. Allen and Penuel (2015) also
provided evidence that teachers’ efforts to implement the NGSS can be obstructed by particular school
factors such as lack of conflicting school priorities, limited high-quality resources for the NGSS, the
absence of assessment measures aligned with the NGSS, and a lack of clarity about how to support
student engagement with the three dimensions in the classroom. These studies point to nontrivial
constraints and affordances for teacher growth that should be accounted for when planning a program to
support teachers with the NGSS at each school.

Limitations and Implications for Future Research

As previously identified, the study was small in its scope, used only teacher descriptions and
teacher-chosen artifacts, may have been subject to biases because of my own connection and relationship
with teachers, limited in the initial selection of participants by principals recommendation, and bounded
by middle school science teacher from a single complex in Hawai‘i within their first three years of using
NGSS. The following are additional limitations that emerged from the study. These limitations also shed
light on recommendations for future research.

To start with, the study is limited by a small sample size as only five of the 12 principal-selected
candidates agreed to participate in the study. As mentioned earlier, participants in the study were
composed of highly-regarded teachers who had prior experience teaching and learning science with the
NGSS. A major consideration is that the principals used their own judgment to determine the designation
of “highly-regarded” to recommend for this study. This introduced potential variation in that the
principals’ own understanding of NGSS and how it looks in the classroom are different from one
principal to the next. Also, some participants have participated in a wide range of professional
development opportunities before the standards were adopted in Hawai‘i. Some participants were even
involved in leading their department in transitioning to the new science standards. While participants in
the study were selected because they could provide the deep insights into the rich ongoing sense-making
involved as they sought to improve and change their teaching practices with new science standards, the

study does not represent the wide range of teachers within a school or district who may be responding to
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the new science standards in potentially different ways. Future research should investigate the needs and
challenges of teachers who are at different stages in their progress in integrating the NGSS into their
science teaching practices. Future studies should also examine how teachers at the different stages of
implementation respond to different approaches to professional development for the NGSS in order to
further an understanding of how to best support all teachers with the NGSS.

Several caveats are important to point out regarding the analysis of the interview data and
participants’ lesson descriptions. First, the scoring guidelines I used to assess the presence of the three
dimensions and use of phenomena in the lessons relied primarily on my judgment as a science specialist
and practitioner in my complex area setting. As mentioned previously, | have reviewed instructional
materials for the NGSS and provided intensive training on the standards over multiple years in my
capacity as a resource teacher. The lesson analyses allowed me to develop some initial insights into the
challenges and needs of science teachers when attempting to apply the NGSS to their teaching practice,
however, my findings would be strengthened by establishing interrater reliability within a team of
researchers to minimize researcher bias.

Second, the lesson descriptions were based on participant-reported data from interviews rather
than actual classroom observations. The study was conducted in the third and fourth quarter of the 2019—
2020 school year. Due to a world pandemic, the Institutional Review Board and Hawai‘i Department of
Education no longer allowed in-person research to be conducted, and | was not able to carry out
classroom observations as planned in my initial study protocol (Appendix D). While | was able to develop
conclusions based on teachers’ descriptions of the NGSS and their use of the NGSS in a science lesson, I
relied only on teacher-reported data and was not able to conduct lesson observations in teachers’
classrooms. Therefore, the degree to which students may have engaged in the three dimensions or focused
on explaining phenomena during the enacted lesson could not be verified in this study. Future studies
should include observing teacher enactments in the classroom to further triangulate the lesson data and to
examine the extent to which these strengths and needs are directly present in teachers’ classroom

practices with the NGSS.
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Third, participants were allowed to share their lessons in different ways: some shared their
student worksheets and some simply described the lesson in detail during the interview. To appropriately
reduce the data, | conjectured that the task that required the highest cognitive demand within the lesson
was a strong indicator of the presence of the three dimensions within the student task (Tekkumru-Kisa et
al., 2015). Therefore, during my analysis of the data, | focused my analysis on the central student
performances in the lesson rather than examining every student-facing task or prompt within the lesson or
across a unit of instruction. While this method served as a useful heuristic for analyzing and comparing
participants’ lessons, grade-appropriate elements of the three dimensions were potentially present in other
lessons in participants’ science units. My analysis was limited to one lesson that each participant felt most
represented their progress with the NGSS in their curriculum. Future research should examine the
presence of the three dimensions and use of phenomena in both central and non-central tasks in a lesson
as well as across multiple lessons within science teachers’ curriculum.

Furthermore, due to the time constraints of the study and participants being unavailable at the end
of the school year, | only conducted member checks for particular quotes in the interview portion of the
study and did not conduct a member checks for the coding of participants’ lessons. Future studies on the
presence of the NGSS shifts and three dimensions in teachers’ lessons should include member checks to
verify whether tasks in the lessons are interpreted accurately by the researcher. Alternatively, the study
can be strengthened by having multiple investigators analyzing and comparing their interpretations of the
data (Merriam, 2019).

Conclusion

This study was conducted as a practitioner inquiry into how five practicing middle school science
teachers in one complex area in Hawai‘i were making sense of the NGSS in their science teaching beliefs
and practices. Improving science teaching and learning requires more than the adoption of new science
standards as there are many factors and variables involved in whether or not a teacher makes a substantial
and enduring shift in their practice (Anderson et al., 2018). Without insights into how and why teachers

might shift their teaching practices in response to the new science standards, the intended benefits of the
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NGSS may be slow to realize. This dissertation contributes to the current knowledge base on teacher
learning with new science standards by describing how five middle school science teachers have made
progress and grappled with implementing NGSS in their science teaching in the third year of NGSS
adoption. The study adds to the growing literature on science teaching practices with the NGSS and adds
evidence for how teachers may attend to the more salient conceptual shifts of the NGSS—such as the
three dimensions—and not the other conceptual shifts when implementing the standards. The findings
add to the understanding of how professional learning and growth may be promoted or constrained by the
professional environment in teachers’ school contexts. The results of this research provide starting points
for discussions for teacher education programs, teacher educators, and educational leaders who are
invested in supporting teachers with the NGSS in Hawai‘i. In summary, this research helps the field to
conceptualize how middle school teachers may respond to new science standards concerning how they
characterize the standards and how they apply the standards in a science lesson.

The NGSS requires a substantial change in teaching practices for many teachers. However,
science teaching practices in the classroom have resisted change despite past educational reform (NRC,
2007). Even when teachers may express views of the NGSS that align with the vision, their
implementation of NGSS-aligned instruction in the classroom may fall short (McFadden, 2019).
Therefore, those supporting teachers with the NGSS should consider how teachers make sense of new
science standards not just in terms of their views and beliefs but also in their teaching practice. This study
provides evidence for how highly regarded science teachers may struggle to apply the NGSS in their daily
instructional practices. In conclusion, to support teacher growth with the new standards, professional
learning should provide teachers clear strategies for teaching with phenomena and the grade-appropriate
elements of the three dimensions in a way that supports an understanding of the teaching principles that
undergird the NGSS. Additionally, the results of this study suggest that the design of the professional
learning for the NGSS should be tailored to the specific contexts of the school, as teachers may have
different needs and professional environments that can constrain or facilitate their learning with the

NGSS. While new standards present an opportunity to improve students' learning of science, this change
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is only possible when teachers shift instruction to focus on asking students to use the three dimensions of
science to reason about causes of phenomena and use evidence to support their reasoning (Moulding &
Bybee, 2017). As a practitioner-researcher, this study represents my efforts to ensure students ultimately
benefit from the NGSS by bringing research into my practice to support teachers in improving science

teaching and learning for our students in Hawai‘i.
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Appendix B: Consent Forms

University of Hawai‘i
Consent to Participate in a Research Project
Thanh Truc Nguyen, Principal Investigator
Alvin Lin, Student Investigator

Project title: “Teacher Clarity in Teaching with the NGSS”

Aloha! My name is Alvin Lin and you are invited to take part in a research study. [ am a graduate student at
the University of Hawai'i at Manoa in the College of Education. As part of the requirements for earning my
graduate degree, | am doing a research dissertation examining the transformation of teachers’ beliefs and

practices.

What am I being asked to do? If you participate in this project, I will meet with you for one (1) or two (2)
interview(s) at a location and time that is convenient for you. I will also observe one (1) science lesson that

you teach.

Taking part in this study is your choice. Your participation in this project is completely voluntary. You

may stop participating at any time. If you stop being in the study, there will be no penalty or loss to you.

Why is this study being done? The purpose of this project is to examine how teachers are using the Next
Generation Science Standards (NGSS) in their science teaching practices. I am inviting you to participate
because you are a middle school classroom science teacher at a public middle school who has been using

the NGSS in your science teaching.

What will happen if I decide to take part in this study? You will participate in two (2) interviews and one
(1) lesson observation. Each interview will consist of 5-10 open-ended questions and will take
approximately 45 minutes to an hour. The interview questions will include questions like, “Can you
describe or share a lesson you have taught using the NGSS?” “What did students do in the lesson?” and
“Why was that important for students to learn?” With your permission, [ will audio-record the interview so
that I can later transcribe the interview and analyze the responses. As part of the interview, you will also
complete a 5-10 minute questionnaire about your teaching background and prior experience with the

NGSS.
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The lesson observation will occur during a normal class session that you teach of your choosing. I will not
audio-record or videotape the lesson, and [ will not be observing or taking notes on any of the students in

the classroom. The lesson observation will take approximately 45-60 minutes.

What are the risks and benefits of taking part in this study? 1 believe there is little risk to you for
participating in this research project. You may become stressed or uncomfortable answering any of the
interview questions, discussing topics with me during the interview, or the lesson observation. If you do
become stressed or uncomfortable during the interview, you can skip any question or take a break.
Similarly, if you do become stressed or uncomfortable during the lesson observation, you can ask me to
leave or come back at another time. You can also stop the interview or observation, or you can withdraw

from the project altogether.

There will be no direct benefit to you for participating in this focus group. The results of this project may
help our Hawai‘i schools and teachers to better understand how to best use the NGSS to improve science

teaching and learning.

Privacy and Confidentiality: | will keep all study data secure in electronic format and stored on the
University of Hawai'i at Manoa College of Education’s network. Only my University of Hawai'i advisor and I
will have access to this information. Other agencies that have legal permission have the right to review
research records. The University of Hawai'i Human Studies Program has the right to review research

records for this study.

After I review and analyze the interviews, I will destroy the audio-recordings. When I report the results of
this research project, I will not use your name. I will not use any other personally identifying information
that can identify you. I will use pseudonyms (fake names) and a system of coding and report the findings in

a way that protects your privacy and confidentiality to the extent allowed by law.

Future Research Studies: Even after removing identifiers, the data from this study will not be used or

distributed for future research studies.

Questions: If you have any questions about this study, please email Alvin Lin at alvinlin@hawaii.edu. You
may also contact my advisor, Dr. Thanh Truc Nguyen, at 808.956.6507 or nguyen@hawaii.edu. You may
contact the UH Human Studies Program at 808.956.5007 or uhirb@hawaii.edu to discuss problems,
concerns, and questions; obtain information; or offer input with an informed individual who is unaffiliated

with the specific research protocol. Please visit http://go.hawaii.edu/jRd for more information on your
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rights as a research participant.

Ifyou agree to participate in this project, please sign and date this signature page and return via

email or in-person to Alvin Lin. Keep a copy of the informed consent for your records and reference.

Signature(s) for Consent

[ give my permission to join the research project entitled, “Teacher Clarity in Teaching with the NGSS.”

Please initial next to either “Yes” or “No” to the following:

Yes No I consent to be audio-recorded for the interview portion of this research.

Name of Participant (Print):

Participant’s Signature:

Date:

Name of Person Obtaining Consent: Alvin Lin

Signature of the Person Obtaining Consent:

Date:

Mahalo!
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Appendix C: Questionnaire

Teacher Information Questionnaire

Please take a moment to complete the following information about yourself (in your teaching).
1. Gender:

Years in teaching:

Years in teaching science:

Highest level of education completed:

Degree(s) in science & level of degree(s):

2
3
4. Years teaching at your current school:
5
6
7

Subjects you are currently certified to teach:

Regarding your experience with the NGSS:
8. Please list any formal NGSS trainings, courses, or sessions you have attended (i.e. where there
may have been eg. a registration, sign-in sheet, or certificate or completion)
9. Please list other ways you have learned about the NGSS (i.e. books, blogs, websites, colleagues,
apps, newsfeeds, etc.)

Thank you!
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Interview 1 Questions Guide

The following will serve as a guide for the interview. Note that “lesson” can be substituted with

9

“activity,” “unit,” or “sequence” based on the examples teachers provide.)

1. Tell me about your experience with the NGSS.

2. Can you describe or share a lesson you have taught using the NGSS?
a. Tell me about your lesson, what are you teaching about?

3. What did students do in the lesson?
a. *(opp. for student ideas, thinking, reasoning, rigor)
b. Phenomena, Tasks
c. Tools, Talk

4. *How did you plan this lesson?
a. Planning considerations: phenomena, 3D, tasks, etc.

5. Why was that important for students to learn (or understand)? (SL)
a. *What do you want to make sure students learn? What else?
b. *How important is that for students to learn?

6. What do you think students should be able to do in the lesson?

term / in the long term)?
7. How did you know that students learned it? (assessment)
a. *What told you that students got it? How did you know?
does that connect to students beyond the classroom or school?
9. *In what ways did you feel your lesson aligned to the NGSS? Can you tell me more?
10. How would you explain the NGSS to someone unfamiliar with it?

those gaps? When do *you think we’ll get there?

do you think NGSS is going in 10 years?

a. *What do you think students will understand as a result of your lesson (in the short

8. *What did you think was missing from your lesson? Why is that important for students? How

a. *What gaps do you think the NGSS is striving to fill? How? How important is it to fill

b. *What are you doing differently in your teaching because of the NGSS? What direction
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c. *What do you believe the impact will be on students as a result of those changes? Can
you explain from your perspective the importance of these strategies/changes?

d. *What is the role of SEP, CCC, DCI?

e. What do you find most challenging about the NGSS? What has been most helpful for
you in understanding the NGSS? What do you feel is still missing in your
understanding of the NGSS?

11. *Why do you think science is important for students to learn? (goal or purpose of science
education)
12. Is there anything I didn’t ask today, that you wish I had asked? If so, what is it?

a. *What is a question you would like to ask me?
Facilitator Questions
e | noticed you . What was the purpose of doing that? Why was that important?

e How did it turn out compared to how you intended?

KEY: * or italics = follow up questions or changes made to the original question set
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**** PART 2 OF THE PROTOCOL COULD NOT BE COMPLETED ****

Interview 2 Questions Guide

The following questions will be used after the lesson observation.

N o gk~ w -

Tell me about how you think the lesson went.

What was important for students to learn in the lesson?

Why was that important for students to learn?

How were you able to tell if students learned it?

How did you use the NGSS in the lesson?

Why are those things (that you mentioned in the previous question) important?
Is there anything I didn’t ask today, that you wish I had asked? If so, what is it?

Classroom Observation Guide

Use the following guidelines once the lesson observation has been scheduled.

1.

7.

Ask beforehand if there is anything you should be aware of about the lesson or the classroom
before conducting the observation.

When you arrive in the classroom, thank the teacher for inviting you into the classroom.
Remind them that they can remove themselves from the study or stop the observation at any
time and that you (the researcher) will leave without any question or penalty if they wish.

Ask for and take a seat where you can observe the teacher without disturbing the lesson.
During the lesson, record the date and anonymous teacher identification number for reference.
As you make observations, enter the activity, observation, code, or note during an event OR at
least every five minutes. Record only data regarding the teacher.

At the end of the lesson, allow the teacher to look over your notes if they wish to.

Thank the teacher and tell them goodbye when you leave. You may remind them that you are looking

forward to seeing them at the second interview.
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Interview 1 Script

INTRODUCTION: Hello and welcome to this conversation. Thank you for joining me today. |
appreciate you sharing your time with me. | am a graduate student from the College of Education at the
University of Hawai‘i at Manoa. I am working on a research dissertation. My dissertation seeks to
answer the research question: How are teachers interpreting and using the Next Generation Science
Standards (NGSS) in their teaching? | would like to hear your thoughts and reflections on the NGSS
and your science teaching practices.

Please take a moment to review the consent form. When you are ready, please sign if you would like to
participate in the study. (allow time for the participant to review and sign the form).

Do I have your consent form back at this point? (check visually for audio consent)

PURPOSE: Thank you again for agreeing to participate in this study. The overall goal of the study is
to hear your thoughts and reflections on the NGSS and how you are using the NGSS in your teaching.
In particular, I am interested in your views as a middle school teacher who has been using the NGSS in
your teaching.

Before we begin, | would like to share with you the following notes:

1. Asaresearcher, | want to acknowledge you as an expert in your own teaching practice. And so,
I am here to learn from you. Please answer all the questions as honestly and in as much detail
as you can.

2. Your participation is completely voluntary. If at any time or point in the study, you become
uncomfortable, you can skip the question or take a break. You can also stop participating at
any time.

3. Also, I will be taking some notes during the interview. Although it was indicated on the form, |
would also like your verbal consent to agree to be audio recorded. This will help me so that |
don’t miss anything important. Remember your information is confidential and will not be
shared. | will also check with you at the end to see if | captured your thinking accurately. Can |
have your permission to audiotape this session? (check visually for agreement)

a. ifyes, turn on the audio-recorder and thank the participant.
b. If no, say that you will not be recording today’s session to respect their wishes and will
use note-taking instead.

4. 1 will keep your data secure and confidential. You will not be identified in an identifiable
manner in our final report. If needed, | will use a pseudonym or fake name for you.

5. At the end of this project, all of the records will be destroyed.

The total length of time of the interview is expected to be about 45-60 minutes.
7. As part of this interview, I’d like to ask if you could complete a short questionnaire about your
teaching when we are done with the interview.

o

DO YOU HAVE ANY QUESTIONS SO FAR?
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Again your participation here today is voluntary. You may choose to not answer any of the questions or
remove yourself from the study at any time. With your consent, 1 will move forward.

INTERVIEW QUESTIONS

(See the set of interview questions prepared. These questions are a guide for the interviews. | do not
plan nor expect to ask them all. I plan to have the conversations unfold organically.)

QUESTIONNAIRE

As part of this interview, I’d like to ask if you could complete a short questionnaire about your
teaching. Please let me know if you have any questions. (collect questionnaire when done)

CLOSING:

We have come to the end of our session. | would like to sincerely thank you for your honest insights
and opinions — you were tremendously helpful at this very important and critical stage of my project.
Your thoughts and insights have given me much to consider as I continue to analyze the data. Is there
anything else you would like to share that might help me to gain a better understanding of your
understanding or use of the NGSS?

Lastly, is there anything that you said that you would like to remove from the data?

Again, thank you very much for your participation today. | appreciate your help.

**** PART 2 OF THE PROTOCOL COULD NOT BE COMPLETED ****

Interview 2 Script

INTRODUCTION: Hello. Thank you for joining me again today. | appreciate you sharing your time
with me. | wanted to share a few things with you again about their study so that you are well aware. As
you might recall, | am a graduate student from the College of Education at the University of Hawai‘i at
Manoa. | am working on a research dissertation. My dissertation seeks to answer the research question:
How are teachers interpreting and using the Next Generation Science Standards (NGSS) in their
teaching? The overall goal of the study is to hear your thoughts and reflections on the NGSS and how
you are using the NGSS in your teaching.

Before we begin, | would like to share with you the following notes:
1. Asaresearcher, | want to acknowledge you as an expert in your own teaching practice. And so,
I am here to learn from you. Please answer all the questions as honestly and in as much detail
as you can.
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2. Your participation is completely voluntary. If at any time or point in the study, you become
uncomfortable, you can skip the question or take a break. You can also stop participating at
any time.

3. Also, I will be taking some notes during the interview. Although it was indicated on the form, |
would also like your verbal consent to agree to be audio recorded. This will help me so that |
don’t miss anything important. Remember your information is confidential and will not be
shared. | will also check with you at the end to see if | captured your thinking accurately. Can |
have your permission to audiotape this session? (check visually for agreement)

a. ifyes, turn on the audio-recorder and thank the participant.
b. If no, say that you will not be recording today’s session to respect their wishes and will
use note-taking instead.

4. 1 will keep your data secure and confidential. You will not be identified in an identifiable
manner in our final report. If needed, | will use a pseudonym or fake name for you.

5. Atthe end of this project, all of the records will be destroyed.

6. The total length of time of the interview is expected to be about 45-60 minutes.

DO YOU HAVE ANY QUESTIONS SO FAR?

Again your participation here today is voluntary. You may choose to not answer any of the questions or
remove yourself from the study at any time. With your consent, | will move forward.

QUESTIONS

(See the set of interview questions prepared. These questions are a guide for the interviews. | do not
plan nor expect to ask them all. | plan to have the conversations unfold organically.)

CLOSING:

We have come to the end of our session. | would like to sincerely thank you for your honest insights
and opinions — you were tremendously helpful at this very important and critical stage of my project.
Your thoughts and insights have given me much to consider as | continue to analyze the data. Is there
anything else you would like to share that might help me to gain a better understanding of your
understanding or use of the NGSS?

Lastly, is there anything that you said that you would like to remove from the data?

Again, thank you very much for your participation today. | appreciate your help.




Appendix E: Participant A Interview Notes

Participant A.

1. Science Teaching Background:
a. 7 years in teaching, 5 years as a teacher. All years in science.
b. 4 years at current school.
¢.  Master in educational studies.
d.  Bachelors in ecology, evolution, and organismal biology.
e. Certified in secondary science.
f.  Formal NGSS trainings: district PDs, PDE3
g. Informal NGSS learning: department meetings, NSTA conference, books, professional websites, NSTA

website, Achieve website, BWET
2. Tell me about your experience with the NGSS.

10.

1.

12

13.

14.

15.

16.

17.

18.

a.  Thoughtfully put together.
Potentially exciting,
b.  Challenging to implement (complex)
c.  Not necessarily “teacher-friendly.”
In your own words, describe your lesson? What was the goal and did students do?
a.  See target.
b.  Seelesson plan.
‘What was the phenomenon?
a. The ways in which resources were obtained before (ancient Hawaii) vs now (modern-day).
b.  Shelves being empty in terms of fish.
What do you feel made the lesson rigorous? (rask)
a.  Students synthesize multiple pieces or layers of information and data.
b.  Making sense of the system and the scale of the phenomena. (Use of CCCs).
‘What opportunities did students have to talk about and express/revise their thinking?
a.  After each data set or new info, students had a chance to turn and talk to dialogue.
‘What made the lesson accessible (to ALL stud 2
a. Open-ended questions.
b.  The scaffolding of the information (from easy to more complex) for students to develop their DQ.
¢.  Authentic scenario (availability of fish),
‘What was important for students to understand and why?
a.  Our interconnectedness to our local area (place), and to the world (global scale).
b.  This understanding is developed through something immediately relevant and observable such as the
availability of fish in our grocery stores during a hurricane.
What did you look for to see if students got that understanding? (student evidence)
a.  Sticky notes questions.
b.  Questions included CCC: Cause and Effect/ Patterns
‘What did you think was missing from your lesson?
a.  Students are not all from Hawaii and may not have found the phenomena as relevant or intriguing.
In what ways did you feel your lesson aligned to the NGSS?
a. Use of phenomena.
b.  Authentic use of the SEPs.
How would you explain the NGSS to someone who is unfamiliar with it?
a. Less memorizing, more making sense of our world.
b. Not giving answers. Allowing students to figure out through the dimensions.
‘What gaps do you think the NGSS is trying to fill in science education?
a.  Inquiry teaching not well defined.
b.  3Ds scaffold “inquiry” (more clearly).
‘When do you think we’ll get there?
a. At our school: 5-6 years to get to “80% proficiency in teachers’ practice and understanding.
b.  Atnational or district scale: maybe longer.
‘What should be different in science learning because of the NGSS? (shifts in teaching and learning)
a. More authentic use of the practices.
‘What is the role of SEP, CCC, DCI?
a. SEPs, doing.
b. DCI, what scientists work with.
¢. CCC, connections.
‘What do you feel is still missing in your understanding of the NGSS?
a.  Assessments that provide clear evidence of the three dimensions.
b.  Strategies for authentic use of the practices.
Why do you think science is important for students to learn? (goal or purpose of science education)
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Cwiosity. Questioning.

Open-minded.

Crilical und reflective aboul information and ideas, (Information Age).
Life-long learning.

18. Isthere anything I didn’t ask today, that you wish I had asked? If so, what is it?

ae T
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Appendix F: Participant B Interview Notes

Participant B.
Who is one of your favorite scientist and why?

1. Science Teaching Background:
a. 4 years in another state
3 years at current school.
Bachelors in history political science
Master in teaching
Certified in secondary science.
School PDs
Informal NGSS learning: department meetings, books, audiobooks, websites. Likes to read a lot about
education.
2. Tell me about your experience with the NGSS.
Science made more sense in light of the Sci method unit that was so boring for students
Heard about it: daunting
Literacy piece.
What is the WHY? The why is in the standards!
If you can plan well first, the actual teaching part is so seamless.
. Itisalot of work. Itis, but as opposed to teaching.
3.  Inyour own words, describe your lesson? What was the goal and did students do?
a.  Chemistry unit.

®moe o o

e e o

i. Was incohesive.
ii. Hard to bring in the materials for the combustion reaction.
i, Burning gummy bear unit.
iv. We fumbled it was confusing
b.  Quarter 3.

i About Medicine.
ii. Students learned bout
1. Germ theory.
2. Ebola, Tuberculosis.
3. System with cells, body systems.
iii. System of the hospital.

iv. Making a diagnosis, provide evidence as to why the diagnosis was correct.
v. Not just write me a CER.

Vi Because of doing this in context.

Vii. Learning about coronavirus. Handing out masks.

¢.  Culminated in a panel.
4.  What was the phenomenon?
a.  Four questions were the focus for four lessons. How has modern medicine changed? How is the spread of
disease different in the modern world? Something with social status? Challenges faced today?
b. Veryintentional about making connections to history. White religion.
5. What do you feel made the lesson rigorous? (1ask)
a. Chemical reactions
i Students drew models and labeled the models.
ii. First drew physical observations.
il. Then drew molecular models. What and why it was happening.
iv. Then balancing with law of conservation of mass.
1. This wasn’t the best part.
2. Felt like should have introduced some prior knowledge eg. periodic table.
3. Direct instruction.
V. Connecting the what I saw and why I saw that (connecting the physical and molecular).
vi. Structuring the task.
b.  Medicine
i TB lesson.
1. Students used a map to map how TB could spread.
2. They had to pay attention to hot zones etc and explain the mechanisms of spread.
3. What failures of system caused this to happen.
ii. Ebola lesson.
1. Host, environment, agent. Break the epidemiology triangle.
2. Students had to think about how to break the triangle.
3. Involved cultural considerations eg. kissing the corpse.



c.
d.

Fun to teach.
Corenavinis was the analogous phenomenon

i Fvaluated masks

1l Will 1t spread the same, diflerent?
11l Mechamisims of spread.
iv. Students tnade a lol of cormections.

Wrotz it

V.
6. What opportunities did students have to talk about and express/revise their thinking?

Chemistry unils debale abowt which substances they thought 1t could e,

Chemical proparties wers used as evidance as well as cbsarvations and new information.

Come up with the argument

Tmlially, there were a lot of misconceptions and ground their arguments in the rest of the ul

Each group submutted a reprasentative to put forth what they thought it was.

With NGRS you can bring in things like Social Studies, mock trials, putting something on trial.

Arguing from evidenee,

“The first class didn’t go as well as the second one

"T'he first one wasn't as scatfolded. Why do you think thar? What evidence supports that?

Ths scaffclding helped. The structurs, Te dissect the question.

Be intentional. s 1t a lagher erder question? What 1s the question 1I'm looking for that wall propel this group?
What will move then discussions?

Fishbowl activitv about invasive species in Guam, Took the 2xact same strategy 1n for fishbowl in social
Stuches. This time didn’t assign roles.

Open-ended questons. Why are the brown tree snakes bad?

Broader questions. What 15 the role of the US military m addressing the impacts?

Almost got to the philosophical side. [t helps to go back to the evidence to balance.

7. What made the lesson accessible (to ALL students)?

sl LI N L i

8. Whatwa
a.

Trizd to do a lot of discussicns, Three ELL studants, intentional grouping.

A lot of vocabulary nstruction. Modifving assignments. Root of content the same.

Sentence stems, good for most kids to help thinking, and participate in discussions.

Why are Zzbra musszls bad.

Beeanse kids come up with gquestions, they are farmliar with.

The teacher-gencerated question s guing to gel teucher-generated responses.

Student-generated questions, with guidance, get more student participation

School 1s writing-centrie. but we needed Lo scafTold that betler as a systern.

Daing discussion and praject-based things helps MORE kids to be mors suecesstul.

So much of being an adult is NOT OXLY writing. Eg. Interviews are conversations, not just writing.
s important for students to understand and why?
Brown tree snake. Impact of invasive species. Human piece: economic impact, livelihood. National
Geographic framewaork has a different lens (natural and human world). Tzaching science without teaching the
human world stafT gives only o partial picture. The humman aspects can give @ stronger reason to care sbout
these things. How these things affect us and making predichions or assessing impacts. Geography connacts
Eartha and Lifz Science,

Chemisity. Foews on pulling evidence and reasoning, Corversulions mimicked o CER. Based on what we
know about properties. Prop up an argumnant. And also being able to solve what the Guminy Bear was (she
forgot what the story was all about).

Ipideamiclogy. Intentional about the scicnes but through a human lens. Eg. Coronavirus. Thinking about the
eftact,

[If we aren’t bringing these human aspects, we may be mussing out on the motivation part or equity part to
engage as many studenls as possible]

"Thus ties into the story approach of the NGSS. We need to make the science come alive, impact of society is
what makes it so nich: thal conmection tormpracls

9. What did you look for to see if students got that understanding? (sidert evidencel

a.

b.
¢
d.

Invasive species lesson,

L Last different ways invasive species impact ecosystem ( Mussel and Oysters)
il Then go back and writz questions.
il [f kids didn’t understand paying attention to evidence if questions were superficial.
1. What was (he economnic impact of the sebra mussels on the seosyslemn
v Then choosz one question and write a CER.

In some ways we have straved from classic assessments. Moving towards more modzling with writing.
Hard to do betause of new teachers,
Complex assessments may nzed more complex interpretation.

10. What did you think was missing from your lesson?
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11.

12.

13.

14.

18.

16.

7.

a. Crosscutting coneepts could have been better,

i Eg. Crosscurting concepts graphic ovgamzers
it CCCs help o get kids talking moere
1l CCCs arz scaftolding for kids to start talking about their 1d2as
V. 583 1s helptul to make sense of cells and we've seen systems before
V. CCCs help vou to question eg. why photosynthesis cells are flatter
vi. Lets them make those connections; make them explicit; they won't do it on their own.
vit. SPQ ez difference between | milhon and 1 bilhon seconds
L. Thase chunge wus o BAD lesson, W didn’t modily it for NGSS,
L It was about the popsicle melting and althcugh we trizd to figure out why, kids weare not interasted.
ii. But this year we are trying to revise it: meltng of ice caps, cape cod, impacted by rising ocean
lzvels, water filtration. That lens,
1l Phase changsd sucked to rzacher because thare was no bigger phenomena.
w. If you put it in polar ice caps it becomes very interesting.

In what ways did you feel your lesson aligned to the NGSS5?
a.
¥ hat guides your thinking when you plan?
a.  Student-centered. Putting nrysalf in students and asking What questions would I have as a studsnt?
b.  Intentionahity | [lands-on. Hands-on activity balanced wath the intentionality ofat.
i By Infentionality = poised clear goal and primed well encugh
1. What is my goal as the teacher
2. What the shadow craate
il Purpese= for why they are doing il

How would you explain the NGSS to someone who is unfamiliar with it?
Whan vou first look at it it will look very complicatd.
‘Three strands that are interwoven throughout your content
Onee you ean gel past (he stze 9 Tont and deseriptions, itis REALLY GOOD
Thay arzn’t perfzet, but thesz are pratty good.
We don't always doit, but we always strive for that
Teaches vawse wnd elleel, conneclions, and pallems,
NS science, but it pulls it a lot of writing, conversations, allows you flexibility.
Kads nzsad to be wrong, ask questions, to write, and ask questions.
Ba vary hunible writing and doing inguiry,
Although with commoen core with matly, it is very clzar, objzctives don’t have as much
NGS5 allows for broader interpretations.
Whare CCSS fails and NGSS succzads, is the MARRIAGE betwean practices and contznt.
N(3SS makes vou bz intentienal about that integration
CC8S just realigned the content, but nothing really changed.
o, Raquire vou to rathink the curneulum.
What gaps do you think the NG5S is trying fo fill in science education?
do Woowant eriieal thinkers und problem solvers. But we don’t give kids (o materials Lo do that.
The currieulmn 1s not { normally) built tor that,
NGBS gives us a framewoerk to be problam solvers and think erifically
Kids gt their news onling and they need to be atle to read and figure it cut themselves.
Think about whose voice needs tobe heard,
f. NGSS paves the way for that.
When do you think we'll get there?
a. It feels grueling en the path to getting thare.
b, Because ir takes a lot of intentional thinking.
YWhat should he different in science learning hecause of the NGSS? (shifts i tace ling ond lewrning)
a. Ses pravieus.
¥ hat is the role of SEI", CCC, DCI?
Pallerns is mmy favorile, TLeomieets seermingly disjoinied units.
We can weave through different pieces.
Cause aned elfect. Almostin any uml.
CC'Cs make the subjzet of seiznec one and more cohesive.
SEPs make kids morz critical and thoughttul of the content they arz learming, Malie kids critical and problem
solve. What 1s my agument, 1'm looking at data, what does that mean. It gives the content meaning
DCTs.
Content is like the whols packages.

SgToETIER O AR o
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18. Whut do you leel is still missing in your understanding of the NGSS?
a. 1learn by secing
b Necanse we don’t have a lot of high-quahty NGSS vet, Tean't see someome who has done it well
¢.  Without PD, challanging to figure how to DO tlus on your owin.
d.  Todoit right, you need to have all the pieces to braid it.
e, IMvouwden™t have a good medel 1o Took at, 1115 hard to see.
19, Why do you think science is important for students to learn? (zoul or pivpose of scivnce educution)
. See previous
20. Isthere anything 1 didn’t ask today, that you wish [ had asked? If so, what is it?
a.  With social studies, vou can always that connact.
b. 3 some things are better, but needs help. The national framework halps.



Appendix G: Participant C Interview Notes

Participant .

4.

10.

11.

12.

Science Teaching Background:
a. 20 vears at same school, all seience. 7th Had preat teachers
L. Blemenlary education. Masters im nnddle emphasis in seience
e Corlified in secondary seicnes.
d. Formal NGSS. Mostly department meatings and PLy at Loko Ea.
e Informal NGSS. Mostly from sites given by the school aid seienee department
Tell me about your experience with the NGSS.
a.  Movad from textbook.
b, 1hgh stakes assessment started
¢.  Partnershup with Walanae watershed. Same time as testing.
d.  Secrance became more hands-on.
e Nulance belween the confenl.
In your own words, describe your lesson? What was the goal and did students do?
a.  Lsig Kile or obsenvations.
L. Some things we dois data-driven but colleeted fromn previous groups of Tih graders.
¢ Other colleagues are always looking for the “wow ™ things.
d.  Total participation technigues. (322 below)
¢ FEven looking al diata, Thse questions with CCC (pattems): whal 15t telling you.
f. Share with the wholz class.
Geing to start color-cading the tarpets.
¥What was the phenomenon?
a.  S3ee Loke Ea fishpond lzsson.
What do you feel made the lesson rigorous? (resk)
u. The Loka Ea unit developrent was so high-level
b, Everyone was so accepting and so cooparative,

¢. Theprocess... avan though there was a question. kids can comez up with mors questions that they can answar

through the proeess,
d. Tt is taking a look at place-based what is in front of you.
¢ The questions is driving you
£ Questioning, snalveng, leaming aboul the s,
g, Thoe eontent thal conies with ity watershed, bringing in nuiricnls, Learning sbout ceosystent ol the pond,
h. Al the content 1s there and connects to the end where “how do feed a community.™
i Tomethe [,nko Fais = really stood oulas the epitome of thal experience™
1. Bamg able to se2 1t in Hont of vou.
¥¥ hat opportunities did students have fo falk about and express/revise their thinking?
w. Tolal participation techmgques. Diamond discussion leehniqus:.
b, Kids use a different color pan. From their notes thev create their answer.
¢.  The final answer that they crsate together is their final answer
. Tweryone hus a chance (o provide an answer
o Moo leaves anything Pk especially when they start slaring.,
£ This structure changes the culture. 1t's not copying it™s learmung from peers.
What made the lesson accessible (lo ALL students)?
il
What was importani lor students to understand and why?
i
What did you look for to see if students got that understanding? (stdent evidericel
a
What did you think was missing from your lesson?
w. Making more of the spplicationsservice. Thal 1s semcthing ok Toeed more of
b T used to ook price kids mhaking cormections. Now [wanl thern o go the next Tevel o do sornething
¢ My pride and joy is when kids come back and they tell me what they did when they went to different places
andd our island and mike all of these conmeetions.
o Ashley, astudend remnemmbered all of these tangs, and il miade har wanl her 1o ge inke mistural resonrees.
In what ways did vou fecl your lesson aligned to the NGSS?
i CC0s cores,
What guides your thinking when you plan?
a.  When I plan, my nund goss “what ean gat them te quastion.™
b Prom kids' questions, Tmake comneetions to the 37 and route them that way.
¢, Thanhaving tham bz able to answer their questions,
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That becomes the content.

S0 1t is important to have those essential focus questions to help keep you on track.

Then take the data that they got from questioms aned reason howe it answers those

NGS% at the highest level means to take that connzctien they have and then WHAT ARE THEY GOING TO
DO WITHIT.

[Application]. Thal fu me s seienee and being a cifizen. That 15 whal NGSS is abont 11,

13. How would you explain the NGSS to somconc who is unfamiliar with it?

a
I
I

d.

c.
f.

‘The best science is when itis hands-on

Your units rmay be ju front of youlike a urit

But vour nntt1s set. But with NGSS yvour lesson will never bz set like that.
Kids inferactions and questions, pulls you away from that set plan.

The learning takes o life of its own.

You need to go at the pace of the students.

Phenomena-diiven. The beginning of the lessons are often kalo.

2.
14. ¥What gaps do you think the NGS$ is trying to fill in science education?

a.
b
c.

Bemg able to make connections between diseiplines 1s a bag gap.

Example mafter

Participant’s Brainstorm: The Loko Ea experience helped me to take 2 look at things differently like my
curriculum far next year: like starting with matter, then we can take a look at carbon, phospharus, nitrogen,
water. Then have them build medels of water, carbon dioxide. Then going into ecclogy and cycles. Then
seeing how those create things like bones, ATP, and DNA. Going from micro to macro, “What makes what”
is our working model. Then Q2, our partnership, we have a soil mixture that is awesome for native plants,
paur water and see what happens. Then see which drains and which ene wouldn't. Question = which soil is
best for native plants. Try to have kids come up with them first but | try to have kids come up with them
first. Then go into Earth science, volcanoes, rocks, and farmation of soil on the islands. During the meetings
when NGSS was implemented, we had to adopt an integrated approach and | didn’t want to lose the
Watershed partnership. So | was trying to make connections... but | could connect the story. Then flow of
energy - Loko Ea at the end of the year is the culminating event.

The time T had during the pandenmic allow me 1o think sbout the storyline mere. Watanae walershed, before
the ranchzrs, what 1t looked lika batfore. Dastroved the watershed forest, Wanted tolock at the biodiversity
and get an idea of what ecosystem was present there before. Winanae Kal was called the food bowl or poi
bowd of that area, used to have a lot of Tarmning there. The watershed there (s commect o Mount Kaala, and in
the past it usad to be greener tharn it 1s today. One 15 to be able erzate a firabreak and another 1s to restore
more native plants. The place used to be.

18, When do you think we'll get there?

.

16. What should he different in science learning hecause ol the NGSS? (shifis fn tocelting ond ferniing)

a.
b.
¢
d.

1 trw to sumplity; questioning, observation, data.

Systemns and eveles. Struchures and finetions. T hit this a lot, evenif | don't get all of the CCCs.
There are certain ones it wre cotical. And if (hey hit these they are going (o by fine,

With NGSS [ made more changes and adjustments bacause of whers kids take 1t

17. ¥What is the role of SEP, CCC, DCI?

Studeris color code the standarels. So kids would have the Tanguage.

Hepefully domg that students will understand the learming target better

Tlopang tor do this next yvear.

Bul whal kids rernernber is what they did in my class. And they mmake cormeetions Lo the content,

Kids remember gomng out and doing experiments. They don’t always remember photosynthesis details.

T olten fell kids later they will be leaming abowd the Krebs cvele and all of these things, bud in MS this is whal.

vou need to know.,
Even the things vou learn in math this applies in science as wzll

g
18. What do you feel is still missing in your understanding of the NGSS?

&l

b

More time,
1f | can see the benchmarks and see if 1 can bundle them. That might help me make more time in my
curmculum

1. Why do you think science is important for students to learn? (zoul or prepose of science educution)

d.

I

Kids can find mfo instantaneous]y.
T want kids to be able to gather informmation and be uble to come up with possible idews and try them oul. See
which i most benetficial.
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¢.  Tomeif you can gather info and be able to apply it, that is what science is about it.
d. It could also be overwhelming. Learning is a process.
e, Itis better to have less benchmarks and be able to do them with quality, and do them with quality and have
them practice and learn on their own.
f [ feel we always have to cover this content, school keeps pressuring us. It takes aways from the learning
process.
20. Is there anything I didn’t ask today, that you wish I had asked? If so, what is it?
a. It was a blessing to visit the elementary schools in the past two years.
b.  When you are teaching things get you down, but it is these things like seeing your children want to pursue
science and do service in their place.

1 thought this lesson was most like NGSS: .

The Milo sprouts experiment scarred some of the seeds. Soaked and scarified. Kids went and did an observation.
Kids were going to get the plants.

Why do you think that happened?

Then get into photosynthesis.

Availability of resources.

Covering content using those questions. They were able to do the treatments.

Cycles of matter photosynthesis.

Producer or decomposer.

*It changed from week to week. But [ had an outline of steps.

https:/manoca hawaii edu/sealearning/grade-5/life-science/hydroponics/activity-sprout-your-own-sprouts

“I always compare the Loko Ea storyline, and [ don’t have things documented and application-focused.”
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Appendix H: Participant D Interview Notes

Participant D.

1. Science Teaching Background:
a. 12 years in science, MMS.
b.  Masters K-9 science education. BA secondary teaching.
c. Certified in secondary science.
d.  Earth science courses at UH.
e. Struggled with biology, but love genetics and sequencing patterns.
2. Tell me about your experience with the NGSS.
a.  Made this lesson for NGSS (See below)
b. Made GRC with Brett but kids struggle.
i I didn’t get it myself the first ime. Asking questions.
il. I realize only at the second time that I realized that OH THAT IS HOW I SHOULD be present.
iil. I changed the way I presented the “develop questions™... kids don’t get how to develop questions.

Phenomenan

1 DRGSO to [AWigate w
the tetherbal rope breaks.
T
M about the couses of the circular motions instead of a straight line within

galaxies and the solar syt

iv. After doing it myself, the simulation PhET I knew how to present it with kids.
V. Example: “Ifwe want to investigate __, what questions should we look for 2"

Vi. Language matters/ framing language. EX™ So we need to look for inertia, how force is acting, what
is the force doing?” Focus questions,

Vii. Am going to try the shark unit.
c. Leading alot of the curriculum adjustments. No complete curriculum.
3. In your own words, describe your lesson? What was the goal and did students do?

Purpose: A¢ orprot data | i1 affect the amount of solar snergy
strorbed by thesurface which ¢ seasons. UG AAMANG IRBTDREAR YDA how the angie the wun s hitting

the surface changes and sfiects seasonal changes.

| Data
Sunrve Solar Noon Sumet Total Hours
ik Time | Compsss | Time | Angeol | Time | Compsss | of Daylight
Deection Separation Owection | (hes :min)
(3un Headng dogrees) (o natod
ovik, iceland (64.1°, 31.9°W) Northe Ragion -

March 21 725AM | 88°E | 13aPm | 26 | mw 12:20

s 255am | NNET | 120em | e NNW 21:08

Septomber 21 | 707AM | 87°¢ | 120PM | 26° | 7320M | 273°W 1224

Decomber 21| 11:22AM | sse 125om | 3¢ 3280 | ssw 4.07

Denver,
March 21 701AM | 89°F

June 21 lsnAM ENE
Cantamrar 1 | wakana | wase  Kireron

a. -
b.  Different latitudes and seasons.
¢.  Lesson has strong objectives.

¥ |

!
!
1

i

, Colorado, USA (39.7°N, 105.0°W) Temperate.
107pM | s1c [ 7aaem | ancw 1211
BIIPM | WNW 14559

101PM | 74°
v weaon T mew 1 v

fi i

Patterns (noticed in table) and causes/affects (cansal mechanism).

Kids did struggle with this so needed to scaffold this more; so created questions.
This is a culminating activity. They have already learned about tilt

I’ve never gone that in depth with this with students, events though this was already in the textbook.
4. What was the phenomenon?

FRmoa
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10.

11.

12.

13.
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a. 1didn't think about this, but it would be....
b, Would be that antarctica has most sun the artic has no sun.
¢ Voucan see that right away after Kds seeqt in the graph
What do vou feel nuade the lesson rigorous? (rask!
a.  Developing questions
b SEPs -- T focus the lessons on the SEPs.
1. Didn’t spend tueh timne with STP3 -- ESS) isn°Lvery SEP3-Tike. Mostly “demos.”

ii. Have been doing analyzing data for a long time.
iil. Create and develop a model, famihar.
¢ Took away “Teporls.” Same lime we dropped “seienee lair™ projects.
i Essays are different in scienca,

d. Alsothe CCCs
¥ hat epportunities did students have 1o falk about and express/revise their thinking?
a.  3es answer below,
W hat made the lesson accessible (to ALL students)?
T didn’t come up with the answer key
‘The kids impressad me.
Giving kads the choree.... When kids ask exactly what the simmative we den’t give it
Grade them or give them crzdit on the answer and justification..
As long as vou can have a rebuttal.. . if vou can defend, and I have no rebuttal, that is science. So yvou gat
credit
f. Give them the raview sheet like a “‘gotta hava chacklist.”
¥ hat was important for students to understand and why?
u. TTow seasonal patterns 12 coused by Burth's 0l and solar energy
b.  Had a discussion with her father,
¢ Kids in Hawait don’t really get to axpertence szasonal changes, but we do really netice the amownt of
sunlighl. 13 hours i e surnmer und anly 160 hours in the water -
d.  For them to corrzlate what 1s happamning to ow understanding of the Sun.
¢. (ool becanse we do a lab experiment where we look at the Moon as half-lit as seen from satellite
What did you look for 1o see if stuilents pot that understanding? (student evidence)
a.  ['mlooking for patterns and affects,
¥What did you think was missing from your lesson?
w. iving more fime. More than 1-2 clays, Make il Lo 1 weck.
In what ways did vou fecl your lesson aligned to the NGSS?
a.  See objecnves
¥What guides your thinking when you plan?
2. 1 hadtolock for resouress and research. (I'm not surz I want to share).

Aan o

b.  Looking for something on the equator near 0 degrees.
¢, Craphed for thern, Decsuse thal wasn’t the Toens.

d.  Posters on the board: one for each dimension.

<. Have kids reference them.

How would you explain the NGSS to someone who is unfamiliar with it?
a.  Supposed tome more hands-on learning.
b, Nof confent remermbering.
¢.  Nomore tests, Final projocts.
d. Taks lenger to grads, Neo need to grade weekly anymore,
e Tell keachers o NOT foens on the content, DCT bul foeus more on how vou teach it SEPSCOC.
f. Departmeant got it when [ told them this.
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15.

186.

17

18.

19.

20.

g Rubric for every project/lab:
Advance (A)

Proficient (P)

Partially Proficient [PP)

Novice [N)

Data clearly and logicalfy shows the
cyelic

rns of lunar phases.

Data

Illustrations are clear, neat, large, and
easy to interpret and include a key,

Data shows the cyclic patterns of
the lunar phasas,
lllustrations are clear and easy to
interpret, includes a key.

Data shows some cyclic
of m lunar phases.
ns are present but

Ilustr;

some are difficult to interpret.

Data table is hard to follow,
missing data andfor wrong
data, lllustrations are present
but are hard to ses,

Analysis shows clear a};;ivsis and
interpretation of data gathered from
lab, not opinien. Sentences are
written in complete sentences with
subject and a concluding sentence.

Data Analysis

Analysis can analyze and interpret
data gathered from lab, not
opinion. Sentences are written in
complete sentences with subject
and a concluding sentence.

Analysis has some
interpretation based on data
fram lab. Most sentences are
written with subject and/or
cancluding sentence.
Made conclusions about data

Minimal apalysic and
interpretation of data to create
an argument. Not based on

evidence gathered from lab.

Clear evaluation and communication
with evidance of the cyclic patterns of
the lunar phases.

Written with complete sentences,
including subject and conclusion,

Conclusion

Can evaluate and

with evidence on the cyclic

.05 of lunar phases.
Written with complete sentences,
including subject and conclusion.

Comr some
infarmation w/evidence on the
cyelic patterms hinar phases.
Most sentences written with

subject and conclusion.

Minimal cammunication of the

eyclic patterms of lunar phases.

Minimal evidence included.
Minimal use of subject and
conclusion statements, Not

based on lab.

What gaps do you think the NGSS is trying to fill in science education?
a  Ithmknest year, kids will be more accepting of the WGES.

b Mo test Itisn't aboutthe content. Eids don't like to memeorize things
¢ Kids will actually gain more when they perform it than memorize it.
d  Betore I'would plan based on final “ summative questions” whereas now I would think about what T actually
want kids to get out of . Lasson objectives versus unit objectives
When do you think we’ll get there?
a
What should be different in science learning because of the NGSS? ey inteaching and leaming)
a
What is the role of SEP, CCC, DCT?
a
What do you feel is still missing in your understanding of the NGSS?
a  Dwantkidsto question, but hew dowe focus back on what weneeded to learn
b.  Then we focusthe questions on what we need to focus on
o Biggest struggle is getting thern to asking,
Why do you think science is important for students to learn? (gool or propose of science education
a  Problem solve and question
b.  Flat earthers. “If you agree, get out of my classroom. Lol ” How do they explain all ofthese argurnents? Tou
took their ideas and questioned it. And would we be able to find a way to answer it? That iz science
o Itwas totally off topic, but kids remember it.
d  Itwas not only the smart kids, but the other kids did tool
e Eids have somany questicons.
Is there anything I didn’t ask today, that you wish I had asked? If so, what is it?
a  CGetting hard to give up content.
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Appendix I: Participant E Interview Notes

Participant I3,

4

2

3.

3.

9

Science Teaching Background:
o 10 vears teaching, 5 at currentd sehool
I B3A public health. minor phystcal/chemistry, masters KT
¢ Seliool Trairung, distrier ruinings
oo Spent o Tob oMime oniniernet, Tryving, fo nnke seise of il Even the Test PR are just un owline,
el f=crven leirmer )
Tell me about your experience with the
i DI old sehool didn™t buy i Fereed 1t firin, Looked at old, didn®™ changa but ~shuffled™ i Didn
prioritize PL.
Lo AL difTerent. Realized
¢ Amplify really helped (o grasp what NOGSS was,
e Aty s ke of NGSS s only asmall pieture of what the ereators envision for NG
e Romebaly's tike vnil
In your own words, describe your lesson? What was the goal and did students do?
i Stundiord SCALE currienlum (epuacter unt), “mod-napping.™
L. Fluomn Kicks o Ball inihe ecnier eirele.
L. Mk questions as branehes frony the phenomenon o ihe eenter,
b we plaved Kickball. Asked kids to create questions based on =kicking a bull
¢ The questions they were coming up wilh were unizing.,
.o W eonld conneet kids™ questions that would make sense for 1he unil
¢ The teacher went and rewud some questions aloud as she clrenlated
£ This gels kids bramnstonming, And when they hear Kids saving questions ane haar snother und realize oo
hiied tha queston.
g This was like the “breaderumls™ approach.. exceplt this firme there weren 't whole Tot of breaderurmbs
needed Bere, Hwisn™t needed for this lessomsphenonenon,
What was the phenomenon?
i How does o human make o ball move?
W hat do you leel nude the lesson rigorous? | rusk)
it is hard te quentity “thinking ™ [ don™cknow how [ could statistically measure the “amount of brainwaves™
being channeled when they were trving to ereate this question nap
I Fromtherr brinn, waihoul mueh gusdanes., they were able fothink ap scieniilic questions about ings around
thent, For the whole A0 ninutes (day 27,
¢ Wids pump o bugher Tevel =i you think about Boon™s Taxenomy™ kids jumped to the higher level withowt

the Lower ones,
What opportunitics did students hiave 1o 1alk about and cxpress/revise their (hinking?
See the answer below,
de the lesson accessible (Lo ALl students)?
W Kicking a Ball 15 sesmple.
b Reading questions aloucd. allowing others to hear other people™ questions
e onthusiosm is HUGE! Even the observer (shadowing) sand she was engaged,
o Cretiing body mvovlad,
< There is o mindset thit =T can’t de (his™ thial we neee o belp students conlront or negate (in seience bt
cxpectally in moth, becaise [icach math 1oo),
£ The emobiona alegies are mporfunt
g Safe mind
What was impertant for students (o understand and why?
i Gostl Foree g motion (R E). Ball™s motion is frow the transter ol energy (rom (he oot
L. Whett you have a basic understanding, of these coneepts. you are able to be more “MINDEUL T of
(e things aroumed vou. Things don™t just huppen (or o reason. They ate eorreluted or related. 1 s
like o mind-epening expensnee. We don't think about kicking o ball Tk about ull the things tlut

VITONMmen!

hirve to happen i oder for your kick that Ball - Then ob mun, 117 all connecled, body, muscles,
alec . You don™ stop o think abwoul these things. .

il When things become challenging. these idais can also help (sonetines),

il We et be self=regalating unless we vurselves ure more minddfid

b Mindimapping “usk guestion

What did you look for 10 see if students got that understanding? (vtudent eviderce)
i Ouestons mipping from shidents
b Posted mops aronnd the room, [ was able loanswer questions us they cume up,

10. What did you (hink was missing from your lesson?



1.

12.

13.

14.

18.

16.

17.

18.

18.

20.
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a.  The unit didn’t have a lot of “hands-on™ as much as 1 would have liked. Maybe the missed opportunity that
we had to create. Rube Goldberg on Wednesday.
In what ways did you feel your lesson allgned to the NGSS5?
Questiomng  the praeticss,
*1 have to go back and reread them.”
This showed me fhat Kids are capuble of ssking questions.
1 was worried about having kids asked and be ablz to FUNNEL the quastions into my wiit,
Thas strategy makes sense. These questions make sense.
W are wble Lo muke il
W haT guides your thinking when you plan?
a

meae op

How would you explain the NGSS to someone who is unfamiliar with it?
a.  “Complete shift in thinking ™
1f we figure out how to do it night, it could revolunomze science education.
Ths old standards are like a list. Check, chack, check, linear.
These standards are INTERWOVEN, a story like all these diffarent parts.
Science is 50 big and broad and NGSS allows us to tap into fo ALL the branches simultanecusly. not
separately, but all at once.
What gaps do you think the NGSS is trying to fill in science education?
w. Weare hying lo prepare kids for jobs, The ability 10 QVERCOME obstacles and hurdles.
b.  Approach things from different angles. We should be thinking practices, character traits, and persevere, why
it works when.
¢.  Dspecially for “seience literacy™ [even for my kids]--- 15 being able to unclerstand and apply 111n a way that
makes sense and be able to DO SOMETHING WITH IT.
d.  Rote knowledge isn’t valuable because of information aceess on TECH
e, They don’tneed o know all the elements om the penodic tuble, but i1 1s about APPLYING [T
£ “Applying 1t” = “way of thinking™ (adapt, prablem solve).

pean o

1 Example: In my own life, the question of “1s race & liological myth™. . but [ didn’t know
il. Seienee lileracy = “Tealizing what you don’L know so you can seck indormmation so you can
understand the 1ssue and what 1s really going on.”
111 It was preat.

When do you think we'll get there?
a.
YWhat should he different in science learning hecause of the NGSS? (shifts i tace ling ond lewrning)
a.  How can it really “revelutionize science education™1s by
1 Other ecuntries embraced this, teaching “practices”™ wath “scenarios”™ and “problem-based”
Tearning--- if we can’t get kids this, they never will pick up thiz “enfhusizsm for seicnee™ or pursie
this profession.
YWhat is the role of SEP, CCC, DCI?

a
W hat do you feel is still missing in your understanding of the NGSS?
a. A LOT. [think I'm stll scratching the swface.
b, 1hadalot of sources, tut 1ot enough comtrol (at school) to fully explors it, (Two barrisrs to my own leaniing:
little autonomy at my school, and having to lead the team rather than explore it mw own.™)
Why do you think science is important for students 1o learn? (goal or purpose of scievice education)
a.  (Sec what she says about science literacy.)
Is there anything I didn’t ask today, that you wish I had asked? If so, what is it?
a



Appendix J: Example Analysis of Lesson E
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Kick-Off Task: Objects in Motion (Lesson 1)

Essential Question: What happens when we kick a ball?

Do Now

Every day, we make objects move without thinking twice
about how it works!

If you wanted to know more about what is happening when
humans kick a kickball, what questions would you ask?

Individually write down at least two questions you would
need to ask to get a better understanding of how our
bodies making objects move.

Question 1:

LESSON FOCUSES ON EXPLAINING PHENOMENA:
Students focus on explaining a phenomenon regarding how the body
works to be able to kick a ball.

Question 2:

Kickball!

As a class, let’s go outside and observe different classmates kicking a kickball. Be sure to write
down what you notice after!

What did you notice? What do you wonder?

SEP PARTIALLY ADDRESSED:

Students are asked to use an SEP at the K-2 level. “Ask
questions based on observations to find more information
about the natural and/or designed world(s).”

CCC POSSIBLY ABSENT
Students do not appear to be asked to reason about any
particular CCC in this task.
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Kick-Off Task: Objects in Motion (Lesson 2)

Essential Question: What happens when we kick a ball?

Do Now

Yesterday we played kickball to explore the phenomenon of what makes the ball move.

From your experience, what other sports or activities do you do that moves an object? Please
describe the activity and how the object(s) move in the space below:

SEP PARTIALLY ADDRESSED:
Students are asked to describe the
activity which partially matches the
6—8 grade band element for Asking
Questions: © i

arise from careful observation of
phenomena, models, or
unexpected results, to clarify and/or
seek additional information”

Asking Questions

At the beginning of yesterday's class, we each came up with two questions to get a better
understanding of how our bodies make objects move.

With your table partners: : ] J

> Discuss what questions each member wrote on his or her list. ~ ( _>
> On a large piece of poster paper: A ( )
1. Write the phrase “Humans Kicking a Kickball” in the
middle of your poster and draw a circle around it. /-'ﬂ\ Humans (\
2. Around the circle, write the questions that were similar \__/ ikbal W,
from your group members. B _
3. Draw lines to link together questions that relate to each ( ) ( >
other. N ( ) o

4. Draft possible answers to the questions, using your prior | )
knowledge. Connect these to the questions on your -
poster.

J

CCC PARTIALLY ADDRESSED:
The CCC of Cause and Effect is implicit in this task. At
> Post your group poster on the wall. the middle school level, students should reason about
multiple causes of phenomena, correlational versus
causal effects, and using cause-effect models to make
> Walk around and look at each groups’ ideas. predictions. In this task, students may simply be

reasoning that events have causes, which addresses the

4 L = PN Aok N
=G eement CYems Tavetatrse s at generate

observable patterns”.



Class Discussion
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As a whole class, construct a class concept map
with the phenomenon in the middle: “Humans
Kicking a Kickball”.

o Decide which key questions you want to have
on the concept map.

o Draw lines with arrows between two questions
to show that there is a relationship.

o Make as many connections as you can between
the questions on the concept map.

> It's important for everyone to share their ideas
and it's okay if you don’t agree.

> You will revise and add new questions and
information to this concept map as you learn
more about moving objects and the human body.

SEP or CCC isn't required for this task.

Key questions (circles)

Possible answers to some
questions (squares)

Connections between related
questions (lines)

Similar concepts used
(trace in color)

Unit Question

How do our produce and use the

needed to move objects?

Reflection

Individually reflect on the Kick-Off Task, using the two questions provided:

1. At the beginning of this task, you made a list of all the questions you have about humans kicking a
kickball. Look back at your list: think about the questions your classmates asked that you did not
initially write down. How are their questions different from the ones you originally asked?

NO SEP ADDRESSED:

Students compare differences and similarities in their questions.
An SEP element is not addressed in this task.
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Although the materials state the targeted
CCCs, students are matching questions fo

2. In this unit, we will be focusing on five crosscutting concepts: SCC siatements. Students donotuse the

e Cause and Effect: Cause and effect relationships may be used to predict phenomena.

ASK YOURSELF: Does one event or action cause something else to occur?
e Scale, Proportion, and Quantity: Phenomena that can be observed at one scale may not be
observable at another scale.

ASK YOURSELF: Are some things too small (or too large!) to observe with the naked eye?
s Systems and System Models: Systems may interact with other systems and may have
sub-systems.

ASK YOURSELF: Can something be broken down into smaller, working parts?
e Energy and Matter: Energy may take different forms.

ASK YOURSELF: How does energy affect objects?
e Structure and Function: Relationships between parts can be analyzed to determine how
systems function.

ASK YOURSELF: How does something’s shape affect the way it works?

Look at your class concept map. Do any questions we wrote in our class concept map sound similar
to the type of questions raised by any of these Crosscutting Concepts? Write down at least one
question and its matching Crosscutting Concept.
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