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ABSTRACT 

The Next Generation Science Standards (NGSS) as the centerpiece of the current 

research-based national science educational reform, were adopted with minor alterations 

by the California State Board of Education (SBE) in 2013. One intent of this adoption 

was to transfer secondary (grades 6-12) science teachers’ science classroom practices into 

the 21st century, specifically, by moving from a teacher-centered instruction to a more 

student-centered and active learning model. Implementation of the NGSS from 2013 - 

2021 was uneven across California due to many reasons including a lack of 

accountability from the SBE, the absence of long-term funding for standards-based 

science professional development, and the lack of NGSS aligned curricular materials. In 

March of 2020, the onset of the COVID-19 pandemic triggered school closures and a 

sudden transition of instruction from face-to-face to distance learning (DL) modalities. 

Consequently, with little or no time to prepare for distance learning and with little or no 

knowledge of distance learning pedagogy, challenges for California secondary science 

teachers were made evident. 

To explore how K-12 science teachers in California intended to address this 

instructional challenge, Ajzens theory of planned behavior was applied among secondary 

(grades 6-12) science teachers to determine how their curriculum and instructional 

practices shaped their behavioral intentions towards NGSS-based instructional practices 

via DL. This theory was chosen as the TPB combines the constructs of an individual’s 

attitude toward a behavior (AB), subjective norm (SN), and their perceived behavioral 

control (PBC) to calculate their behavioral intent (BI), and thus predict their behavior. A 

convergent mixed method study that merged quantitative BI survey results with the 

qualitative interview data to explain and elaborate the results of this research. A 56-item 

BI survey was adapted from Pierce’s (2018) behavioral intent survey for use with 



Texas Tech University, Heather Wygant, May 2022 

  

vii 

secondary science teachers in California that were already implementing NGSS prior to 

the pandemic closures of March 2020, then distributed via various social media outlets. 

One hundred and fifty-one Californian secondary science teachers participated in the 

survey. Seventeen survey respondents also participated in a follow up semi-structured 

interview, which was developed after the survey to investigate how teachers augmented 

their C&I practice via DL modalities.  

Survey results were analyzed using Pearson’s correlation, followed by a binary 

logistic regression, to determine the behavioral intent of teachers to continue NGSS 

implementation via DL modalities. Using the TPB equation of BI ~ (AB+ SN + PBC), 

findings were inconclusive that TPB constructs AB, SN, and PBC influenced teachers’ 

intent to continue NGSS implementation via DL modalities. However, the follow-up 

interviews provided salient findings that the TPB constructs were influencing teachers’ 

intentions. 

The 17 follow up interviews were analyzed for frequencies and trends, informed 

by TPB constructs and by deductive coding. Findings revealed that teachers primarily 

used technology tools like Google Suites, Gizmos, Pear Deck and Jamboard to continue 

3D instruction via DL to foster more student-centered and active learning. Regarding the 

NGSS, implementation had varied across the state, districts, and even at school sites due 

to the lack of a clear statewide policy on DL implementation due to no accountability, a 

lack of readily available aligned curricular materials, and a dearth of funding for high 

quality science PD statewide. Consequently, teachers shared that they did not have NGSS 

aligned F2F curriculum adopted by their districts prior to the pandemic and were creating 

their own site or district-specific curricular materials within grade or course-alike 

professional learning communities. When the move to DL modalities came, teachers 

continued work in their PLCs to modify their materials to DL, often spending long hours, 
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including weekends, to provide high quality 3D learning experiences via DL for their 

students.  

The mixed methods integration revealed that teachers who received extensive 

NGSS PD were more confident in 3D instructional practices, more positive toward NGSS 

and more certain that these were the best practices to provide students with authentic 

science experiences. Teachers pursued PD to bridge gaps in their practice, often at their 

own expense, and used informal PLCs such as the California Science Teacher Facebook 

groups to supplement their learning and share ideas and resources. Integration results 

suggest that strong PLC groups worked as teams to not only develop curricular materials 

relevant to their student populations, but also modified these materials to move to DL 

modalities. This indicates that PLCs that are at school sites and districts were an 

important factor in teachers intending to teach The NGSS in this period of DL. 

This study uniquely contributes to the literature by showing PBC as a significant 

contributor to teachers’ intent to implement reform initiatives, such as NGSS, when 

provided with sustained, high-quality professional development (PD), high-quality 

instructional materials and accountability for that reform. Additionally, when faced with 

emergency situations such as the change to DL modalities in March 2020, teachers that 

received DL specific PD were more confident when incorporating DL modalities into 

their instructional practice. Further, this study suggests that to ensure teachers continue 

their intent to teach NGSS, even when faced with a radically different modality like DL, 

there must be reforms to both policy and practice. For the former, a statewide policy with 

accountability measures for science, such as the inclusion of the science assessment data 

at equal levels as ELA and Math on the California School Dashboard, is needed to ensure 

statewide NGSS implementation. This includes a dedicated funding for sustained PD in 

NGSS, PD for the continued use of DL strategies, should additional teaching NGSS 
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(science) continue in the DL or hybrid modalities. Regarding the latter, there is also a 

need for high quality NGSS instructional materials for secondary science. 
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CHAPTER I 

INTRODUCTION 

Science standards have historically (DeBoer, 1991) and currently (Lead States, 

2013) guided the development of curriculum, instruction, and assessment for formal (K-

12) science education in the United States (American Association for the Advancement 

of Science [AAAS], 1994). Standards were intended to be “clear and consistent 

statements of what students should know and be able to do” (Bybee & Pruitt, 2017, p. 89) 

and thus are viewed as fundamental levers for educational reform. As societal needs 

rapidly evolved in a globalizing world, and science, technology, engineering, and 

mathematics (STEM) fields consequently shift (AAAS, 1994; Bybee, 2010; Dugger, 

2010), K-12 science standards should also change. Updated STEM standards helped to 

ensure that school children receive the most current curriculum and best instruction 

practices (C&I) to meet American STEM exigencies. Per the Programme for 

International Student Assessment (PISA, 2018), the United States was only slightly above 

average in science achievement internationally and has been losing ground in growing 

her domestic STEM pipeline, causing the United States to become increasingly 

dependent on foreign STEM scholars and workers (Dugger, 2010).  

To meet the challenges of preparing students for careers that required creating 

ideas and solutions for problems that do not yet exist (Darling-Hammond, 2010), Bybee 

(2010) recommended that science education should “place life situations and global 

issues” at the center of the “four STEM disciplines to understand and address the 

problems” (p. 32). He further recommends to weave engineering (practices) and 
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technology (tools, competencies) into K-12 science content. His justification was that this 

integration more authentically reflects local and global problems, and thus the impetus 

for the development of A Framework for Science Education (National Research Council 

[NRC], 2012) and herein the Framework, and the Next Generation Science Standards 

(Lead States, 2013), respectively. 

To execute this American new vision for an integrated K-12 science education, 

the Framework outlined research-based guidelines for science content and practices for 

K-12 science education in the 21st century. The Framework was designed to overcome 

previous weaknesses of coherency in science education by organizing scientific content 

systematically from grades Kindergarten through 12th grade (K-12) by: 1) focusing on a 

limited number of core ideas in life, physical and earth and space sciences, 2) 

incorporating crosscutting concepts across science domains, and 3) “providing students 

with engaging opportunities to experience how science is actually done” with the 

incorporation of science and engineering practices (p. 1). The Framework provided the 

groundwork to develop new standards that would “combine knowledge and inquiry and 

ask our students to be scientists at the start” (California Department of Education [CDE], 

2018, p. vii). 

The Framework informed the current set of national K-12 science standards called 

the Next Generation Science Standards: For States by States (Lead States, 2013), which 

is best known through its acronym, the NGSS. The NGSS addresses the call for 

educational reform in science by preparing students for 21st century careers that utilize 

problem solving and innovation skills. Using three-dimensional learning (3D learning), 
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the NGSS was built upon learning progressions of science content that increased in depth 

and complexity from grades K-12, with a focus on engineering and technology 

applications to scientific problems. This 3D learning takes place at the nexus of 

disciplinary core ideas (DCIs), crosscutting concepts (CCCs) and science and 

engineering practices (SEPs) intertwined into performance expectations (PEs) that 

require students to demonstrate 3D learning through applications to real world problems 

(Peltzman & Rodriguez, 2013). Further, 3D learning provides students with the 

opportunity to engage in authentic problem solving and scientific inquiry within extant 

STEM fields, such as incorporating math, engineering, and technology knowledge to 

scientific problems, to “act on STEM-related issues as a citizen” (Bybee, 2018, p. 11). 

For 3D learning to occur, teachers must employ three-dimensional instruction (or simply 

3D instruction). Bybee further described how integration of STEM concepts within 3D 

instructional practices would help students transfer knowledge to new situations, support 

learning of specific content and processes of the individual disciplines, and aid students 

in applying their learning to real-world contexts to solve STEM problems. The inclusion 

of both engineering design processes (EDP) and the mathematical practices into the 

NGSS underscore the importance of integrating the STEM content fields to enhance 

student’s science learning. Students taught with these integrated science standards have 

the knowledge and skills to address the STEM-based challenges of the present and future, 

such as global climate changes and pandemics. 

The efficacy of the NGSS relies on school districts and their teachers to 

implement the NGSS with fidelity. This requires that teachers (i.e., K-12 curriculum 
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developers, instructional coaches, and teachers from elementary, middle, and high 

school) engage in significant changes to their curriculum and instruction (C&I) 

knowledge and practices, particularly in facilitating integrated science activities in which 

the learner is actively (rather than passively) learning. For example, the NGSS tasks 

teachers to guide students in asking questions, designing their own investigations, 

engaging in argument using evidence, and generating models to explain scientific 

phenomena (NRC, 2012; Lead States, 2013). To accomplish this, teachers must help 

students in developing their 3D science knowledge as applied to “engineering problems 

and explain natural phenomena” (Miller et al., 2021, p. 757). This suggests that for some 

teachers, they must unlearn what they already know about teaching science (Southerland 

et al., 2010). For example, the concept of phenomena-based instruction, defined as 

building knowledge as applied to science problems, is new to most in-service teachers 

(Krajcik et al., 2014). Prior to NGSS adoption, it became evident that teachers who were 

the most eager to experiment with reform ideas were also dissatisfied with the ways they 

were previously teaching science (Schmidt & Datnow, 2005). The move from ‘sage on 

the stage’ to ‘guide on the side’ is a significant content and pedagogical change for 

science teachers (Reiser, 2013). Therefore, teachers not only change their instruction, but 

also modify their curriculum by developing lessons and units that promote student 

understanding of a DCI, while explicitly connecting the CCCs as well as improving 

student skills in the SEPs with increasing complexity throughout the course (NRC, 2012). 

Consequently, demands on teachers to change their instructional practices were 

significant (Miller et al., 2021). For teachers to enact the C&I practices needed to meet 
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the expectations of NGSS, teachers (C&I coaches and classroom teachers) need access to 

high quality, NGSS-specific, sustained professional development (PD) to enact the 

standards effectively (Bybee & Pruitt, 2018; NRC, 2012).  

Until school districts and states align with the Framework and the NGSS, 

curriculum will be slow to change (NRC, 2012). Therefore, high-level policy changes 

could inform PD to increase teachers’ content knowledge and pedagogical skills (Lumpe 

et al., 2000; Southerland et al., 2010). In California, the early implementer initiative (EII) 

was a four-year grant (supported by WestEd and the K-12 Alliance) for eight public 

school districts and two charter organizations to develop teacher capacity for NGSS 

implementation and make science a core subject through 2018. The EII was designed to 

help teachers build capacity in NGSS instruction by training teacher leaders to train 

others in their districts via PD focused on the 3D instructional shifts outlined in the 

NGSS (WestEd, 2020). WestEd described the goals of the EII grant as follows: 1) 

implement changes in district policies and science education practices, 2) build 

administrative leadership, 3) build teacher leadership, 4) change teacher practice, 5) 

increase student learning opportunities, and 6) build a community of learners to share 

best practices of NGSS within the state. From 2014-2018, the EII teachers developed 

their own curricular materials and experimented with what NGSS instruction might look 

like in the classroom. Many districts in California that were not part of the EII grant 

chose to wait for NGSS-specific curriculum materials to be developed before starting any 

NGSS implementation (G. Webb, personal communication, May 13, 2016). As California 

is a Local Control and a Framework state, curricular materials aligned to NGSS were 
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slow to be developed.  However, all these efforts suddenly halted when on March 13, 

2020, California governor Gavin Newson announced that California schools were to be 

closed for face-to-face (F2F) instruction, effective immediately in anticipation of the 

novel coronavirus (COVID-19) pandemic. Instead, all K-12 instruction would migrate to 

online and remote modalities known as distance learning (DL). DL is inclusive of 

learning from home by either synchronous (live instruction) or asynchronous (pre-

recorded instruction or working on your own). Although the EII created C&I for NGSS, 

it was focused centrally on F2F instruction. Therefore, the sudden change in instructional 

modality, and lack of access to in-person PD, left open a question of how teachers were 

to move forward with implementing NGSS in secondary science classrooms in California 

via DL. 

The efficacy of NGSS and 3D learning requires teachers to change from a 

teacher-centered to a student-centered instructional practice warranting high-quality, 

research-based, NGSS-specific C&I materials and sustained PD to be efficacious in 

NGSS classroom practices  

(Schwarz et al., 2017; Schmidt & Datnow, 2005; Schneider & Krajcik, 2002; Southerland 

et al., 2011). Teachers were given some C&I and PD support that focused on F2F 

instruction, but the question remains whether teachers planned their NGSS practices via 

DL modalities. This study investigated how secondary science teachers in California 

planned to continue implementing the NGSS (Lead States, 2013) via DL modalities using 

a theoretical model of intention and behavior.  

Background of California Support for NGSS (C&I, PD, and DL) 
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As of 2022, twenty states and the District of Columbia had adopted the NGSS; 

twenty-four additional states adopted standards based upon the NGSS (National Science 

Teaching Association [NSTA], n.d.). California served as one of the writers and early 

adopters of the NGSS on September 13, 2013 (CDE, 2019). Upon adoption of the NGSS, 

states were tasked to use the Framework and the NGSS to develop C&I training (PD) and 

assessments for state-wide implementation. To this end, Peltzman, and Rodriguez (2013) 

developed the NGSS Adoption and Implementation Workbook to guide states who were 

beginning to implement the NGSS. Their workbook included developing a leadership 

team, creating a vision, an understanding of what NGSS requires, determining the state’s 

role in the implementation process, setting targets for performance, developing a 

backwards plan of implementation defining the who, what, when, why, where, and how 

of implementation, and strategies for engaging with stakeholders. Further, the workbook 

outlined the steps taken by California in developing a timeline for statewide 

implementation by the CDE in 2014, outlining a six-year plan for the state to train 

teachers and providing guidelines for curriculum development, shown in Figure 1.1. This 

timeline includes the projected and revised state plan for the formation and duration of 

the coalitions and task forces formed to develop the state plan, solicitation of stakeholder 

feedback, PD in the form of the EII grant and California Rollout trainings, Development 

of the 2016 Science Framework for California Public School Kindergarten Through 

Grade Twelve (CAF) that would guide publishers and teachers in the implementation of 

NGSS, anticipated timeline for adoption of textbooks and curriculum, and the 

development and deployment timeline for the California State Assessment (CAST) 
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aligned to the NGSS. An additional concern to science teachers in California was that 

only mathematics and ELA (English-Language arts) were monitored on the state 

accountability platform, the California Schools Dashboard, with science not being a 

factor for district accountability for decades.  This lack of accountability for science 

instruction was found to be a factor in NGSS’s uneven implementation in the report by 

Grace et al., 2021. Notably, no technical assistance was provided for C&I via DL or PD 

for implementing the NGSS via DL modalities. 

Figure 1.1 California’s NGSS Implementation Timeline 
 

 
Note: Details above the years were the anticipated timeline. Details below the years 
indicate publish dates. 
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Adoption of the NGSS was a state-level decision in California. However, the 

policy of local control placed the impetus for NGSS implementation at the district level. 

This means that districts choose what to prioritize spending on based on their goals in the 

Local Control Accountability Plan (LCAP). Some states, like California, released a 

systems implementation plan to provide some suggestions and guidelines for 

implementing PD for NGSS, but there was no state mandate in terms of when or how 

districts must implement the NGSS, and no direct funding for NGSS implementation. 

(CDE, 2019a). The assumption in the NGSS systems implementation plan for California 

(CDE, 2019a) is that districts would prioritize NGSS implementation and PD as part of 

their LCAP, per their own timeline and in the fashion that best suits the district needs. As 

a result of local control policies and the delay in NGSS aligned curriculum, many 

districts in California waited until aligned K-8 curricular materials were available and 

adopted by the state in 2019 and state assessment scores were released in January of 2020 

(California Association for Science Educators [CASE], n.d.). A recent study by Grace et 

al. (2021) indicated that NGSS implementation is still uneven across California. Because 

of this uneven implementation in California, the following sections review the entities 

that are engaged in NGSS implementation in California, either through C&I support, PD 

guidance, and DL recommendations (if any) to provide needed context of the state-of-

the-state of NGSS training and implementation prior to the start of DL only instruction in 

March of 2020.  

California Curriculum for NGSS 
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To provide a state blueprint for contextual NGSS implementation, the CAF was 

informed by focus groups of science teachers (teachers, professors, district specialists, 

and coaches) from January of 2014 to March of 2016. The CAF provided guidelines for 

school districts to implement NGSS, like 1) how to structure coursework for middle and 

high school, and 2) examples of how NGSS instruction might be carried out using 

vignettes. The CAF was then submitted for public review and was revised prior to 

submission to the California State Board of Education (SBE) for approval. The CAF was 

adopted on November 3, 2016 (CDE, 2018). Driven by the need for curriculum 

guidelines, this document was intended as a resource for teachers, administrators, 

curriculum developers and a guide for parents when envisioning C&I development and 

how science teaching and learning might look in an NGSS-driven classroom, respectively 

(d’Alessio, 2018). The time taken to develop and adopt the CAF delayed publishers in 

their able to provide California NGSS aligned curricular materials. The state adopted K-8 

science materials in 2019, while high school curricular materials are not adopted by the 

state, thus are much slower to align to new standards. This delay in availability of 

curricular materials until the 2019-2020 school year meant that science teachers had not 

yet received NGSS aligned curricular materials with many having just begun the process 

of investigating materials to pilot when the pandemic closed schools to in-person 

instruction, while high school teachers still lack high quality materials in 2022. 

Additionally, many teachers reported in the Grace et al., 2021 study that even the K-8 

curricular materials available in California were not high quality NGSS aligned. 
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C&I. The draft and final versions of the CAF were intended as a guide for 

curriculum developers to generate published materials, and for teachers to adapt their 

own teaching materials, until publisher-created materials were available. Notably, the 

CAF is not in and of itself a curriculum. Rather, the CAF attempts to reconcile the four-

course high school sequence outlined in the NGSS to the two-year science graduation 

requirement (one life and one physical science) of California. Thus, the CAF provides 

guidance in sequencing content in middle and high school science courses to 

accommodate the NGSS. For example, in the CAF is a one-year NGSS biology course 

using a six-unit storyline titled The Living Earth, which describes how earth science 

standards can intertwine within life science standards to tell the story of how life has 

evolved over time.  

Secondary Education. The writing team consisting of Kirk Brown, Dr. 

d’Alessio, and Dr. Simani for the CAF compared middle school science standards to the 

required math content of the Common Core State Standards (CCSS) and chose to identify 

a ‘preferred integrated’ sequence or course model for middle school (CDE, 2018). It 

aligns the NGSS PEs to the appropriate grade-band CCSS math standards, with life, 

earth, and physical science content each year, spiraling in complexity and depth with 

each grade 6-8. These models serve as a guide to publishers as to what teachers need in 

curricular materials and PD. High School recommendations include the four-course 

model of biology, chemistry, physics and earth science, and a high school three-course 

model of biology, chemistry, and physics, each with integrated earth science concepts. 

Per the survey conducted by the California Association for Science Educators (CASE), 
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approximately 90% of districts in California had chosen the three-course model, as it is 

viewed as a good compromise between the four-course model outlined in the NGSS and 

the two-year graduation requirement (CASE, 2018). Regardless of the model chosen, 

districts had to consider what content specific PD would be needed, as well as what PD 

was warranted to prepare for the pedagogical changes that teachers would need as 

implied in the NGSS.  

PD. High quality K-12 science PD, as defined by literature, is coherent to state 

and district standards, content-focused, models effective pedagogies by involving active 

learning through collaboration and occurs over a sustained duration with time for both 

feedback and reflection (Desimone, 2009; 2011; Loucks-Horsley & Matsumoto, 1999; 

Supovitz & Turner, 2000; Van Driel et al., 2001, 2012; Zweip & Benken, 2013). To meet 

the expectations set by the Framework and NGSS, teachers must develop a deeper 

content knowledge as well as additional understandings to how science content connects 

across the fields (Bybee & Pruitt, 2017; Reiser, 2013). Since K-12 teachers were not 

expected to teach with ‘depth versus breadth’ in their previous state science standards, 

teachers would need to practice these skills as learners in PD spaces such to understand 

how students might struggle with these skills (NRC, 2012; Pruitt, 2014). Furthermore, to 

implement the NGSS, teachers would need to make changes to the way they teach 

science and unlearn what they already knew (Southerland et al., 2011).  

As the EII teachers established the groundwork C&I materials to help prepare and 

facilitate NGSS, they too shared both their successes and failures in C&I strategies via 

statewide PD in the form of CASE conference presentations and the California Rollout 
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symposia (henceforth Rollouts). The rollouts were developed by the NGSS collaborative 

in California, composed of the CDE, county science directors, CASE, the California 

Science Project, and the K-12 Alliance. They were developed as train-the trainer 

sessions, where science teachers across the state delivered NGSS-specific PD focused on 

what 3D instruction and learning look like, how to modify extant lessons to 3D 

instructional methods, increase content knowledge, and integrate science content into 

coherent storylines with phenomena (CDE, 2018). Storylines were defined by Reiser et 

al. as instructional units “that include design principles for engaging students with 

phenomena and problems to elicit their own questions that teachers, with support of 

curriculum materials, use to guide the trajectory of their sensemaking” (2021, p. 805). 

The idea was that participants of the Rollout training would then return to their districts 

or site to train their colleagues with the structured PD they received. Districts created PD 

plans that incorporated the high-quality strategies above for their development of 

teachers, including utilizing the Rollouts and sending teachers to the CASE annual 

conferences. However, teacher-leaders trained in these rollouts were not always allotted 

the time needed to train other teachers in their districts, sometimes receiving only 1 hour 

to do a two-day training (A. Data, personal communication, October 3, 2018). In 

addition, the Rollouts only provided training for a limited number of teachers as these 

trainings were provided by philanthropic groups and local investments, not funded by the 

state. This reduced scope of the Rollout training limited the impact and contributed to the 

uneven implementation across the state noted in Grace et al., 2021. 
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PD for DL. The CAF made no recommendations about how to structure 3D 

teaching and learning via DL modalities, but Appendix 3 of the CAF outlines how 

computer sciences can support NGSS teaching and learning thereby suggesting a route to 

DL modalities. It states that “effective science instruction in K–12 uses technology to 

teach and engage students, assess students’ demonstration of knowledge in multiple 

formats and media, increase their technological and scientific literacy, and engage 

students as young computational scientists” (CDE, 2018, p. 1683). The CDE also 

suggested the use of computers to develop models, analyze and display data, plan and 

perform investigations, and even the use of simulations helps to develop and deepen 

student understanding of concepts, while technology tools like Google docs enable 

students to collaborate and communicate their findings. However, as discussed in Hodges 

et al. (2020) there is a significant difference between the emergency remote teaching that 

occurred during the F2F school closures and effective online learning. Instead of having 

the time to plan effective DL teaching and learning strategies, the pandemic forced the 

move to DL teaching and learning overnight, without the time to reflect on what works 

and what does not (DeWitt, 2020). Teachers were already either using outdated curricular 

materials as discussed earlier or developing their own NGSS materials as they had time 

prior to the pandemic. After March 13, 2020, teachers were forced to improvise solutions 

in less-than-ideal circumstances when the pandemic forced teachers to move to DL 

modalities. The term “emergency remote teaching has emerged as a common alternative 

term used by online education researchers and professional practitioners to draw a clear 
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contrast with what many of us know as high-quality online education” (Hodges et al., 

2020, p. 2-3). 

California State School Board 

In 2017, the California SBE solicited 109 science teachers and eleven content 

experts to evaluate instructional materials developed by science curriculum publishers. 

The review committee delivered their recommendations to the SBE to adopt 29 of the 34 

curriculum materials reviewed in grades Kindergarten through 8th grade or K-8 (CDE, 

2020). Typically, high school materials are not adopted by the SBE in California; 

curriculum adoption occurs at the district level. The SBE posted a list of their 

recommended materials for grades K-8 on the CDE website in November of 2018 (CDE, 

2020). High school materials were first available in the fall of 2019, but not reviewed for 

adoption by the SBE. 

NGSS-aligned C&I. For the first seven years of NGSS implementation, high-

quality NGSS aligned curricular materials were not available to teachers because 

materials were being revised by publishers. As a result, teachers either chose not to start 

NGSS implementation until materials were adopted by the state, or they had chosen to 

create their own materials. In the case of high school teachers, their only option was to 

develop their own materials and continue to wait for publishers to create NGSS aligned 

materials for high school. Districts that created their own curriculum materials had the 

option to ‘adopt’ these district-created materials if the materials were “aligned to state 

standards and a majority of the participants of any review process conducted by the 

district are classroom teachers who are assigned to the subject area or grade level of the 
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materials being reviewed” (CDE, 2020, para. 1). As curricular materials were made 

available in November of 2018 for grades K-8, more districts began implementation of 

the NGSS with publisher-provided PD on the use of their C&I materials, though 60% of 

respondents in the report of findings for K-12 by Grace et al. (2021) show that many 

districts have not yet adopted curricular materials due to lack of specific state funding for 

materials, incomplete math and ELA adoptions, or outright rejection due to 

unacceptability of the “quality of materials” (p. 12). As reported in EdReports in the fall 

of 2021, the published instructional materials were not supporting the vision for science 

education as outlined in the framework. Prior to the pandemic, curricular materials were 

focused on in-person implementation, with some companies, like STEMScopes having an 

online learning management system (LMS) for use for differentiation, though only 38.2% 

of teachers reported having had this training in Grace et al. (2021). In 2019, teacher 

evaluation of materials suggested that K-8 curricular materials were not yet completely 

aligned to NGSS, and nonexistent for high school level (Grace et al., 2021).  

As of November 2021, of 85 middle school science teachers that responded to a 

poll in the middle school California Science Teacher Facebook (CST) group, 50 had 

adopted curriculum materials, 33 had not adopted materials, and 2 were using site created 

materials, with Amplify and STEMScopes being the most selected curricular materials. 

Several middle school teachers from the CST poll mentioned that STEMScopes was 

adopted because of its digital platform. Of 44 high school science teachers that responded 

to the high school CST group poll, 20 had not adopted curricular materials, 13 had 

adopted materials, and 9 were using site created materials (CASE Facebook poll, 2021). 
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An EdReports released in Fall of 2021 on K-12 Science Materials indicated that access to 

high-quality instructional materials was lacking, with 42% of science teachers indicating 

they were regularly using materials they created themselves, and another 20% still using 

pre-NGSS materials (2021). Dickstein-Staub and Parker (2021) mentioned “NGSS 

implementation has not been evenly prioritized or supported by districts and 

administrators in California, a majority of teachers work in settings without materials 

aligned to the NGSS, and teachers have not received adequate professional learning in the 

NGSS” (p. 3). Grace et al. (2021) noted that of 512 California K-12 science educators 

surveyed, 56% were in districts with no adopted NGSS curriculum with only 44% that 

had adopted curriculum. Financial distress was the reason cited by 18.6% of districts for 

not prioritizing NGSS, 13% of districts focused on math and ELA, and another 27% of 

districts indicated that they will not adopt instructional materials unless the state provides 

funding. 

NGSS-aligned PD. Neither the California SBE nor CDE provided specific 

funding nor details to districts about how they should implement PD for NGSS, either 

F2F or via DL modalities with the initial F2F closures in March 2020. However, the SBE 

did provide support in terms of limited funds that districts could use as the local LEA 

decided, with the assumption that districts would prioritize NGSS prior to the F2F 

closures (CDE, 2018). Additional guidelines were provided by the SBE recommending 

that districts should develop their own NGSS-specific, ongoing PD plans. The SBE also 

suggested that districts use organizations and resources such as CASE, the California 

Science Project, K-12 Alliance, WestEd, as well as the Rollouts (described on p. 10), to 
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provide the PD necessary to implement NGSS. Prior to the pandemic, PD was offered in 

F2F venues, though after March of 2020, many of these, including the CASE annual 

conference, moved to an online venue. 

The CDE empowered districts to have teachers design their own materials during 

the transition time, therefore some districts chose to design their internal PD to assist 

teachers in the development of C&I materials for implementing the NGSS. Some districts 

created specialized science coaches known as Teacher on Special Assignment (TOSA) 

positions for teachers to serve as PD leaders within the district. These TOSAs worked 

directly with teachers to help revise or create technology-enhanced curriculum based on 

the NGSS. Prior to the pandemic all PD was delivered in-person at sites, districts and via 

conferences. Since the F2F school closures, PD was primarily delivered via DL 

modalities, and many PD providers and conferences such as the CASE and NSTA elected 

to retain the online format for their PD as the pandemic continued. The CDE provided 

neither technical assistance nor suggestions for DL prior to the COVID-19 school 

shutdowns of early 2020. 

 California K-8 NGSS Early Implementation Initiative 

A grant-funded aspect of the California implementation plan was the California 

K-8 NGSS Early Implementation Initiative (EII), underwritten by the S. D. Bechtel Jr. 

Foundation and the Hastings/Quillin Fund (West Ed, 2019). It consisted of eight public 

school districts and two public charter districts that were to “build Local Education 

Agency [also known as districts] capacity to implement the NGSS in grades K-8 and 

make science a core subject” (WestEd, 2020, para. 2). The EII initiative served as a 
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resource for participating teachers to generate their own or modify existing curriculum, 

make phenomena-based curricular materials, pilot and revise the materials, and share 

materials and learning experiences with teachers. EII developed curriculum materials that 

were posted on district or county websites and presented at the CASE annual conferences 

as resources for teachers in California to implement NGSS. Regarding DL, the EII 

reports mentioned ways in which technology could be used for teaching and learning, 

which largely mirror the uses outlined in the CAF (as described earlier on p. 10). There 

are no examples or guidance on continuing NGSS via DL modalities. 

California EII C&I. Among the selected ten EII districts, each district 

participated in a core program to implement the NGSS at the district level beginning with 

changing district policies and practices and creating a core leadership team of teacher-

leaders willing to experiment with writing lessons and units to meet the C&I vision of the 

Framework and NGSS using a train the trainer model. The teacher-leaders would then 

return to their sites to train others in the 3D instructional practices. By sharing their 

experiences in using district modified or developed materials, or teacher modified or 

developed materials, teachers could embrace the instructional changes envisioned by 

NGSS and assist with the district-level implementation plan (Achieve, 2017b). These 

teacher-leaders would then support their colleagues with PD at the district and site levels 

to share their learning, guide lesson development aligned to NGSS, and to assist teachers 

in developing 3D instructional practices. Prior to March 2020, these PD sessions were led 

in F2F meetings, where teachers would collaborate and work in groups. By the time 

COVID-19 shuttered F2F instruction, the EII grant was completed, and many teacher-
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leaders had returned to the classrooms (L. Hegdahl, personal communication, July 28, 

2021). Some districts, such as Riverside Unified, provided instructional coaches to 

provide PD via DL modalities to assist teachers in changing from F2F instruction to DL 

instruction after the March 2020 closures. 

California EII PD. District designed and facilitated PD was provided to EII 

teachers via summer institutes, lesson plan development sessions, and lesson studies with 

the expectation that participants would learn from their experiences with developing, 

modifying, and facilitating phenomena-based instruction. These EII specific PD were not 

available to non EII districts. Early evidence from the EII (Achieve, 2017a; 2017b) 

indicated that high quality PD, time to collaborate, revise, or design curriculum materials, 

and struggling together as teachers gave them “the ability to trust students to do the same 

and ask them to be critical problem solvers” (Achieve, 2017b, p. 5). They further 

suggested that the success of NGSS implementation warrants systemic and systematic PD 

for K-12 science teachers in C&I. This is important because approximately 75% of 

California districts waiting to implement the NGSS take cues from the successes of 

districts who have begun the process (Cerwin et al., 2018).  

Formal Technical Assistance Providers 

NGSS-specific Technical Assistance Providers (TAPs) such as Amplify, Foss, 

and STEMScopes provided curricular materials to aid in California’s NGSS 

implementation. Their websites indicated that they would send trainers to sites that had 

adopted their materials to train teachers in the use of their materials (Amplify, 2021; 

FOSS, 2021; STEMScopes, 2021). Some of these TAPs, like STEMScopes (2021), had a 
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significant online curriculum component as described on their website, thus providing 

some teachers exposure to the use of DL components, such as the use of an LMS to 

deliver differentiated content, annotating documents online, and the use of simulations in 

addition to hands-on laboratory experiments. The Amplify website indicated both a 

digital and a textbook option, while FOSS highlighted their hands-on investigation kits. 

EdReports (2021) reported that “teachers lack access to high-quality materials and 

aligned professional learning” (p. 2), additionally stating that in middle school science 

programs “very few (materials) are aligned to the NGSS” and have “not yet begun the 

review of high-school curriculum” (p. 3). 

TAP Specific C&I. The TAP STEMScopes is a completely online learning 

system in which teachers assign specific lessons, readings, and laboratory experiences to 

the students in a digital format either on the curriculums’ learning platform or on the 

school LMS. Students complete the assigned readings and hands-on activities as 

assigned, with teachers providing support and feedback either while F2F or online 

(STEMScopes, 2020). The TAP Amplify offers an online component to their curriculum 

consisting of digital copies, such as fillable pdfs or materials to read online, of their 

materials for students to interact with, conduct investigations, participate in collaborative 

discussions with other students, and manipulate simulations all while online either in a 

F2F or DL modality. (Amplify, 2020). FOSS offers a digital and print version of their 

textbook, but their focus is on students using the hands-on inquiry kits provided with the 

curriculum within the F2F classroom setting. There are additional resources that are 

online only, such as slide decks and videos for teachers to use (FOSS, 2021). 
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TAP Specific PD. TAPs, such as Amplify and STEMScopes provide PD and 

technical support for the use of their materials. This training may include how to use the 

materials provided, hands on experience with the kits, or instruction in modifying 

material for distribution for students of differing reading levels. The PD provided by the 

TAPs typically is focused on the specific use of their materials. As some TAPs have a 

digital component, such as reading and simulations accessed on a computer either at 

school or at home, the use of these features is included in the PD offered to districts that 

purchase their materials. However, it is unknown how many teachers receive this PD to 

utilize this digital service. During the pandemic, the districts in Santa Cruz County that 

had adopted the FOSS curriculum were no longer receiving the PD needed as reported by 

their administrators. The data from EdSource (2021) indicates that only 41% of science 

teachers report getting a full day of science specific PD, compared to their ELA (73%) 

and Math (66%) counterparts. The TAPs with digital components did offer PD on 

implementing those features, however, the curriculum itself was not designed for a DL 

modality, and PD on teaching and learning in DL was limited. 

Informal Technical Assistance Providers 

Teachers tasked with implementing the NGSS sought informal means to support 

changes to C&I and receive PD. To that end, they formed four California Science 

Teacher (CST) Facebook groups. Designed for each level of instruction and educator 

type (i.e., elementary, middle, high school, and district level coaches) these closed 

Facebook groups provided a place for science teachers to share ideas, concerns, 

strategies, lessons, and PD opportunities about implementing NGSS with teachers in 
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similar grades or positions. The CST groups were created by the CASE board of directors 

in December of 2014 and continue to be moderated by CASE board members to promote 

a safe place for California science teachers to collaborate and share ideas on 

implementing NGSS and developing C&I materials. 

Informal TAP C&I. Prior to the school closures, the CST groups focused on 

teachers sharing their ideas on implementing NGSS in their respective grade bands. For 

example, in the middle school group, teachers focused on how to teach students to write 

claim-evidence-reasoning (CER) justifications when facilitating hands-on activities or 

when tasking students to summarize their understanding of a concept. High school 

teachers had extensive discussions about which course sequence they preferred for their 

districts and discussed ideas on how to integrate earth and space science content into their 

existing content of biology, chemistry, and physics. These groups provided opportunities 

for teachers to learn and grow in both the practices and content needed to implement 

NGSS originally in F2F modalities but shifted to inclusion of DL modalities of 

instruction after March 2020. 

Informal TAP PD. One of the benefits of collaborating within the CSTs is the 

posting of PD opportunities around the state. Universities and school districts that opened 

their PD to those outside their organization would often post a flier or notification for 

others to participate. County offices also posted information about the Rollouts 

(discussed on p. 10) and on the CST pages and shorter PD sessions they were offering. 

Organizations like CASE and the National Science Teachers Association (NSTA) would 

invite teachers to present NGSS-focused sessions at their annual conferences by 



Texas Tech University, Heather Wygant, May 2022 

24 

organization members posting the call in their respective groups. State and national 

presentations and sessions would also be advertised in the CSTs, to encourage teachers 

from California to attend. In the context of this study, CSTs were considered as type of 

informal professional learning community (PLC), where teachers could share, 

collaborate, and learn from what other teachers were doing. Rosenberg et al. (2021) 

described the use of these informal PLCs in the form of social networks, as formed 

around professional organizations, such as the #NGSSchat community on Twitter, as 

supporting the implementation of the NGSS. In addition, Grace et al. (2021) reported that 

46% of teachers indicated that online teacher communities, such as the CST groups, were 

a significant source of professional learning content access by science educators prior to 

fall of 2020. Prior to the school closures of March 2020, there were discussions on the 

CST groups that were used and described in a pilot study described on p. 23 to determine 

teachers’ intent to continue NGSS while in DL modalities. One posted about providing 

ways to combine technology and NGSS (high school CST post July 26, 2019) while 

another looked for suggestions on how to organize Google Classroom to better provide 

learning materials online for students who were absent (middle school CST post Sept 19, 

2018). Once the pandemic caused schools to move from F2F to online delivery, many 

discussions about the use of simulations or other digital resources ensued in the CST 

groups. Recommendations, resources, and suggestions were shared to keep students 

involved in the ongoing storylines of instruction. Discussions on how to move fully 

online with NGSS did not occur until the COVID-19 closures. This was one of the few 
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areas in which teachers discussed facilitating NGSS instruction via DL modalities, which 

may shed light on how teachers would intend to teach via DL modalities.  

Need for Study 

With California’s adoption of the NGSS in 2014, the CDE utilized support from 

various actors (i.e., CAF, SBE, EEI, and NGSS-specific technical assistance providers) to 

help district teachers in revising their C&I to meet the vision of the Framework and the 

NGSS (CDE, 2019a). NGSS aligned curricular materials were available for K-8 

beginning in 2019, with many schools just beginning the process of assessing materials 

for adoption in the 2019-2020 school year. The districts that waited to begin 

implementation until curricular materials were adopted after they were made available in 

2019 would require guidance for high quality, district-led PD regarding C&I practices 

that science teachers perceive as useful (WestEd, 2020), such that they may invest in 

changes to their teaching practices in C&I warranted to implement the NGSS in their 

districts. The lack of accountability greatly hindered NGSS implementation of NGSS in 

K-5, as the focus had been on math and science for decades, resulting in little science 

being taught in the elementary grades. Since PD on implementing NGSS was also limited 

by lack of state funding, with the addition of a lack of state and district accountability for 

implementing K-12 science, many districts had not yet begun NGSS implementation as 

of the 2019-2020 school year, as reported by Grace et al., 2021. 

However, considering the COVID-19 shutdown of March 2020, California 

schools and science teachers were obligated to continue implementing NGSS instruction 

via DL modalities. As reviewed in this chapter, there are meager DL-based 
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recommendations in implementing the NGSS except within the CST Facebook groups, in 

which many California science teachers were discussing their plans or intentions to 

implement NGSS via DL. Teachers were already struggling with implementing NGSS 

and were not sure how to facilitate 3D learning online, thus sought guidance and support 

from the CST Facebook groups. Teachers used this online community to plan how to 

effectively integrate 3D instructional practices into a virtual learning environment 

(CASE, 2014) by translating F2F NGSS activities for DL instruction. Teachers 

participating in these CST Facebook groups found ideas on how to engage in NGSS-

based C&I such as planning and presenting DL instruction, encouraging modalities for 

student collaboration, and converting lab activities online (CASE, 2014). Furthermore, in 

the CST Facebook groups, California teachers came together to share resources, plans, 

and ideas, supporting each other to continue offering NGSS-aligned content to their 

students as a form of PD. Such PD discussed in the CSTs Facebook groups included 

sharing ideas for lessons and sequence of instruction, and conversations of which 

curricular materials were being adopted and why. Even prior to the pandemic, 

implementation of the NGSS was uneven. Understanding how teachers’ intent to 

implement NGSS as intended by the framework, with the added application of DL, is 

significant. Such an understanding can inform the value of supports to improve teachers’ 

behavioral intentions towards taking up reform efforts (like NGSS-based 3D instruction), 

especially when not under the directive or mandate to do so. From their CST Facebook 

conversations and responses to research instruments, elements of their attitudes, 

subjective norms, and perceived behavior controls can illuminate their intention to 
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implement NGSS via DL modalities and possible future behavior. Modeling teacher 

behavior, in this situation of a global pandemic, provides unique insight into whether any 

California science teachers intended to (or as a proxy, did) implement the NGSS during 

the pandemic. 

Statement of Purpose 

 The purpose of this research was to investigate whether California 

secondary science teachers’ intended to continue implementing NGSS 3D instructional 

practices in the DL modality. Prior to COVID-19, state-level NGSS implementation was 

uneven among districts, sites, and even science departments within a site, and depended 

on the guidelines from their administration (Dickenstein-Staub & Parker, 2021; 

EdReports, 2021; Grace et al., 2021). Largely, California teachers themselves were 

driving NGSS reform efforts with little district or state accountability. When schools 

were forced to close F2F instruction and move to DL modalities in a matter of a few 

weeks, or days, teachers had “to improvise quick solutions in less-than-ideal 

circumstances” (Hodges et al., 2020, para. 2). It was uncertain what the landscape of 

American schools would be in the future, as students may return to reduced class sizes, 

hybrid (F2F with online), or continued online instruction, still with the expectation that 

students’ science instruction will be guided by the NGSS. Understanding the element of 

teachers’ intentions with NGSS implementation in 2020-2021 may provide insight to the 

NGSS implementation in California during the pandemic. In addition to exploring their 

planned behavior in implementing NGSS, this research examines to what extent, if any, 

are the discussed strategies aligned with literature-based definitions and best practices in 
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DL and NGSS. Given the opt-in nature of the CSTs, we may garner unique insight into 

how secondary science teachers invested in NGSS implementation were actively sharing 

ideas, lessons, and templates when not under the pressure of compliance. Understanding 

this informal, spontaneous collaboration may help us plan for the potential of online or 

hybrid learning. 

Research Inquiry 

 This work consisted of a convergent parallel mixed methods study with a 

quantitative survey, using constructs of Ajzens (1985, 1991) Theory of Planned Behavior 

(TPB), teachers’ intent to continue implementing NGSS via DL modalities, preceded by a 

pilot study to determine teachers’ general intent. The survey was followed by qualitative 

interviews with a sub-sample of the survey participants to further qualify and understand 

the nature of teachers’ behavioral intentions using Ajzen’ model. The pilot study 

investigated a sample of Facebook posts within the California-based Facebook groups 

dedicated to NGSS implementation to form a preliminary concept that teachers did intend 

to continue NGSS instructional practices while in DL. A survey, informed by the findings 

of the CST Facebook analysis and adapted from validated instruments, aided in 

quantifying the behavioral intention and early development of the model. Using results 

from the survey, an interview protocol was developed and deployed to secondary science 

teachers in California to qualitatively determine how they planned implementation of the 

NGSS given the sudden shift to DL modalities. From the interview data, the model of 

planned behavior per Ajzen (1985, 1991) was developed to answer the question: In what 

ways do teachers’ attitudes, subjective norms, and perceived behavioral control 
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contribute to their intent to implement NGSS via DL, with fidelity (research-based, best 

practice), during the COVID-19 pandemic when implementation was not an enforced 

state mandate. Specifically, survey responses and interviews were examined for 

constructs related to their: 1) attitude toward NGSS implementation and DL (behavioral 

intent), 2) perceived ease or difficulty of NGSS and DL implementation or perceived 

behavioral control (PBC), 3) level of perceived control in both NGSS implementation 

and DL strategies (control), 4) perceived pressures (normative) or judgements from 

others (subjective) regarding how, when, and if they implement NGSS via DL, 5) 

acquisition of resources and supports (e.g., training, materials) for online delivery of 

NGSS (behavioral intent). To examine the fidelity of their planned implementation 

behavior, participants’ responses were compared to literature-based best practices for 

both NGSS and DL modalities. Interviews were conducted to obtain deeper 

understanding of teachers’ intentions to continue 3D teaching and learning via DL 

modalities, providing details to qualify the nature of sampled teachers’ attitudes, 

subjective norms, and perceived behavior controls within the model developed from the 

survey data. 

Audience and Significance of the Study  

The findings of this study will benefit individuals involved in implementing 

reform efforts that do not have measures of accountability by informing means to 

facilitate behavioral intention among teachers of science. This research can provide 

insight into how PD providers, districts, schools, TAPs and other education reform-

minded entities and personnel can enhance teachers’ behavioral intentions to engage in 
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reform efforts. By ascertaining what teachers were planning to do in the COVID crisis, 

we may garner an understanding of what extent (if any) and how NGSS may have been 

implemented (given Ajzens model is predictive of actual behavior) in California during 

the pandemic and extended to continued instruction via DL modalities. Benefits include 

assisting science teachers globally in the best practices of incorporating hands-on and 

minds-on science instruction via DL and hybrid modalities. 

Assumptions 

Certain assumptions were made in this study. First, this study was limited to 

California secondary science (grades 6-12) teachers N ≅ 16,250 (CDE, 2021) as science 

instruction had been significantly reduced at the elementary level the past few decades 

due to the No Child Left Behind focus on mathematics and ELA. With appropriate 

sampling, there is an assumption teachers sampled were representative of the population. 

This study assumed their actions and responses were representative of the state (for 

comparability) and adequately modeled how teachers operate nationally (for 

generalizability). Further assumptions were that teachers had already received 

preliminary PD and information on implementing NGSS, were taking some actions in 

implementing the NGSS, and/or were continuing to participate in the C&I changes as 

envisioned by the NGSS and the Framework. These assumptions reflect that 

approximately 30% (n ≅ 5000) of secondary science teachers were first to take on NGSS 

implementation. These inclusion criteria assure that the participants all have some 

common understanding of the experiences they are asked of (that relates to the NGSS via 

DL) in the study. 
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The assumptions (constructs) undergirding the TPB are that a persons’ behavioral 

intention determines their planned, and by extension, future behavior (Ajzen, 1991). 

These constructs are: 1) a person’s attitude towards a behavior will augment their 

behavior, 2) that social pressure mediates behavior, and 3) the degree of perceived 

behavioral control improves behavior outcomes (Ajzen, 1985, 1991). Because this model 

has been used in this population (i.e., teachers) in a variety of contexts for education 

reform (e.g., technology adoption), the credibility of Ajzens TPB can also model the 

phenomena of the present study. Finally, this study assumed that the participants had a 

sincere interest in participating in this research and were not over- or underestimating 

their planned implementation of practices related to NGSS implementation via DL 

modalities.  

To address some assumptions, a pilot examination of CST Facebook groups in 

2020 (screenshots, N=49) as described in chapter 3, indicated that secondary science 

teachers intended to teach 3D science as described in the Framework and NGSS while 

instructing in DL modalities. Teachers were asking for, and sharing, lesson ideas, virtual 

lab activities, methods of 3D teaching, learning, and assessment, online training, planning 

documents, and templates for lessons from March through May 2020, suggesting data 

was available that could be analyzed per the TPB constructs. This pilot examination 

suggested further investigation could be performed to determine how science teachers 

were planning and perhaps, implementing NGSS instruction via DL modalities. 
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CHAPTER II 

REVIEW OF LITERATURE 

In March of 2020, California school districts were affected by the COVID-19 

pandemic when all but one of the 13,836 public and private K-12 schools in the state 

(Wollitz & DeFazio, 2020) closed effective immediately. This shutdown forced the 

school districts to make the decision between canceling learning for the spring semester 

in K-12 schools or continuing instruction via distance learning (DL). Governor Gavin 

Newsom declared on March 13, 2020, that schools in California were closed to F2F 

instruction, but the districts should continue instruction via DL if possible. To enact this 

mandate, the Governor instructed school districts to create a plan for moving teaching 

and learning to DL modalities, acknowledging that it may take a few weeks to ensure all 

students would have access to either fully online instruction, or provide comparable 

alternative print instruction if online was not possible (EdSource, March 18, 2020). As 

such, science teachers were trying to figure out how to convert their F2F curriculum into 

DL, learning how to use new video conferencing platforms such as Zoom (Zoom Video 

Communications Inc., 2016) or Google Meet (Google, 2017), and learning how to 

effectively teach via DL to continue high quality NGSS-aligned science instruction via 

DL modalities. The Governor stated in a press conference on July 17, 2020, that schools 

in individual counties would not open F2F until the county had been off the state’s 

COVID-19 watch list for 14 consecutive days. As of December 29, 2020, districts in 54 

out of the 58 counties continued to provide high-quality, rigorous, and meaningful 

instruction via DL during the 2020-2021 school year. 
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California schools started partially reopening in April of 2021 due to Governor 

Newsom’s Assembly Bill 86 that provided additional funding as an incentive for schools 

to reopen by April 1, 2021 (EdSource, 2021). Secondary schools were included in this 

bill and encouraged to partially reopen with hybrid models where a portion of the student 

body was F2F, with the rest still in DL modalities, but this required extensive planning to 

ensure student and teacher safety. As a result of the complexities of student scheduling 

and movement on a secondary campus, as well as the perceived difficulty of teaching 

both online and F2F students (hybrid learning) concurrently, secondary schools were 

slower to reopen.  

Vaccination status also became an issue for teachers and students. Teachers were 

eligible for vaccinations beginning on March 1, 2021, and vaccine eligibility for those 

aged 16 years and older began on April 15, 2021. The Pfizer vaccine became available to 

those aged 12-15 beginning in May 2021, prompting a return to full F2F instruction for 

the Fall 2021 semester (City News Service, 2021), and schools in California remained 

open for F2F instruction throughout the 2021-22 school year. 

Like the variation in how districts were implementing NGSS (see page 11), there 

was also variation in how districts implemented DL. Governor Newsom and the 

California SBE provided some basic guidelines for districts to use in moving to DL 

(CDE, 2020). These CDE guidelines indicated that districts needed to make both short-

term and long-term plans for continuing student learning via DL, and that teachers were 

tasked to evaluate and modify their course materials and content by focusing on essential 

learnings or review for the remainder of the Spring 2020 semester. Furthermore, 

statewide assessments were cancelled for the 2019-2020 school year, and were optional 
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for the spring of 2021. Districts were given the option to continue normal grading or 

move to credit/no credit grading. The specifics of these plans were to be determined by 

each district, and the way each district chose to approach resuming instruction varied. 

Posts in the middle and high school CST groups in March of 2020 revealed a variety of 

district plans as the state moved from F2F to DL, ranging from take-home paper packets, 

asynchronous DL, and completely synchronous DL scenarios. Based on the guidelines 

Governor Newsom issued, districts were able to continue the 2020 spring semester with 

the traditional grading of A-F with the caveat that grades could not fall, only be increased 

during the emergency shutdown, or they could move to a credit/no credit option. As the 

pandemic continued, different methods of changing instruction to DL modalities were 

accompanied by a variety of ways teachers would need to modify their practice to 

continue implementation of NGSS as schools remained closed to F2F instruction into the 

2020-2021 school year. As we investigated how teachers transitioned from F2F to DL, 

we also looked at the progression in science instruction that was ongoing prior to the 

pandemic, as both implementing NGSS 3D instructional practices and the move to DL 

modalities were concurrent during this time. 

Recommendations for 3D Learning in the F2F Classroom 

The NGSS directs that K-12 students transition from learning about science to 

figuring out science. “Learning about” is described by Schwarz et al. (2017) as students 

“following directions, do the activity, try to apply the ideas provided by the teacher” 

where the “teacher does the heavy lifting of building knowledge, not the students” (p. 

12). “Figuring out”, however is where teachers ask probing questions and provide 

guidance on the best starting point while students take on the responsibility of “making 
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sense of phenomena, developing explanations, comparing them as a class, and reaching a 

consensus” (Schwartz et al., 2017, p. 13). This requires teachers to learn how to change 

from directly providing instruction and investigations, to a more student-centered co-

construction of the lesson sequence, where student questions drive their investigations to 

figure out the phenomena in question.  

The standards are intended to spiral from kindergarten to 12th grade, described in 

the Framework as learning progressions (NRC, 2012), increasing in complexity in both 

content and skills required via the SEPs. Traditionally, teacher practices in science have 

mirrored the way Americans in the previous generations learned, via textbooks and 

lectures with validation lab experiences (Furtak, 2017; Garet et al., 2001; Kwakman, 

2003; van Driel et al., 2001, 2012). Bybee and Pruitt (2017) stated that teaching does not 

mean just talking about a subject or memorizing facts, but instead it should be a process 

of guiding students through their pre-conceptions of scientific phenomena and providing 

experiences that challenge and change these conceptions. Secondary teachers with more 

training in NGSS practices were found to be more motivated to use the SEPs within their 

classrooms than were teachers with little to no training on NGSS practices (Haag & 

Megowan, 2015). The paradigm shifts from teaching students to know and do, to 

teaching students to think, analyze, and understand, is a dramatic change for secondary 

in-service teachers, as they will need to use strategies to spark inquiry-oriented 

discussions in class and use cooperative learning strategies with students actively 

participating in their own learning (Zoller & Nahum, 2012). Both the Framework (NRC, 

2012) and the NGSS (Lead States, 2013) outline specific changes needed in curriculum, 

instruction, and assessment that will require ongoing PD for teachers to meet the intent of 
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the science instruction described in the aforementioned documents. The following sub-

headings reflect elements of 3D instruction expected in a F2F classroom with a teacher 

implementing NGSS, as well as best practices for DL to suggest best practices towards 

NGSS teaching both online and remotely. Taken together, these topics and the literature 

therein represent the anticipated or expected behaviors for NGSS implementation via DL 

modalities. 

3-Dimensional instruction 

The key to reforming science teaching and learning (per the Framework) is using 

3D teaching to produce 3D learning. This 3D instruction is the change from “teaching 

science as inquiry to teaching science as a practice” (Osborne, 2014, p. 177). Described 

more fully, 3D teaching warrants the integration of science and engineering practices 

(SEPs), (e.g., developing models or analyzing and interpreting data), and crosscutting 

concepts (CCCs), (e.g., structure and function or stability and change), with the 

disciplinary core ideas of science (DCIs), (e.g., forces and motion or inheritance of traits) 

(NRC, 2012, 2015; Osborne, 2014; Penuel, & DeBarger, 2015). In turn, teachers would 

need to shift from primarily lectures, bookwork, and verification lab experiences of the 

‘learning to know’ mindset, to engaging students with a phenomenon, eliciting student 

questions, monitoring student discussions and debates, guiding students to develop their 

own experiments, and arguing from evidence to support scientific claims of the ‘making 

sense of the world’ frame (Allen & Penuel, 2015; Bybee, 2011; Fulmer et al., 2018; Huff 

& Bybee, 2013; Krajcik et al., 2014; Krajcik & Delen, 2017; Penuel & DeBarger, 2014; 

Zoller & Nahum, 2012). For example, students may have in-depth discussions about the 

experimental process they are working on to decide their next steps in the procedure (SEP 
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designing and conducting experiments). Or when initially presenting a phenomenon, 

asking students to all contribute I notice, and I wonder statements that the whole class 

then groups and categorizes to determine how they might begin to explore that 

phenomenon as a class.  These activities are common in an NGSS F2F classroom, though 

they are more difficult to manage in a DL classroom. 

Chapter 12 of the CAF (CDE, 2016) indicates that to implement NGSS, science 

teachers need a deep understanding of the science content, expanded pedagogical skills, 

and an understanding of how students learn. Furtak and Penuel (2018) suggested that the 

practices of science should be intertwined within the science content, not separate; 

teachers will need to scaffold instruction to teach students how to share and model their 

initial ideas, give constructive feedback, ask questions about others’ ideas and models, 

and revise their models to show their growing understanding of concepts, using evidence 

and reasoning to support their claims. In a F2F classroom this would entail teachers 

guiding a discussion around a phenomenon to elicit students understanding throughout 

the sequence and by providing scaffolds to support student discussions and writings. 

Teachers might ask for students to draw out their initial conceptual model of an idea in 

one color, then after additional experiences, as the students to revisit their model in a 

different color to indicate changes to the model.  With a quick walk around the classroom 

to look at student models, the teacher would have a good understanding of what direction 

to go next. Interestingly, Furtak and Penuel argued that the diversity of experiences 

brought by students to the NGSS science classroom provide the materials for authentic 

science learning, making inclusive and equitable learning for all students important.  
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Specifically, the diversity of student backgrounds provides different perspectives in 

solving problems and figuring out scientific phenomena. 

Inclusion of Equity and Diversity  

Equity and diversity are another focus for the Framework and NGSS (CDE, 2016; 

Lee et al., 2014; NRC, 2012; Penuel & DeBarger, 2014). The expectation is to move 

science toward more equitable, active, and engaged learning experiences for all students 

to learn science at a high level (Bang et al., 2017; Penuel & DeBarger, 2014). As the 

student population of the United States becomes increasingly culturally and linguistically 

diverse, science education should adjust to include equitable science learning that 

includes the diversity of all students (Lee et al., 2014; National Academies of Sciences, 

Engineering, and Medicine [NASEM], 2015). The NGSS represent the minimum level of 

science that students should be exposed to, thus providing opportunities for students with 

special needs, English language learners, and students of diverse cultural experiences 

access to the same basic science experiences in the general education classroom. The use 

of culturally relevant local phenomena enables all students to experience science as 

relevant in explaining the world around them while encouraging active engagement in 

problem solving. The use of engaging phenomenon to build storylines and leveraging 

students’ prior experiences of content understanding by using the SEPs allows students 

the space and authority to build their scientific knowledge (Brown, 2017; Cook-Harvey et 

al., 2016; Furtak & Penuel, 2018; Goldstein et al., 2019; Krajcik, 2015; Lee et al., 2013; 

NRC, 2015; Pruitt, 2014). Teachers of K-12 science are challenged to adapt their 

curriculum to meet the needs of this diverse population of students (NASEM, 2015) by 

incorporating culturally relevant local phenomena that involve all students in actively 
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questioning and thinking about the world around them. For example, Kang, Thompson 

and Windschitl (2014) discussed that when secondary science teachers provide high 

quality scaffolding to students, that they can more readily show their understanding via 

evidence-based explanations. To do this, teachers need to adapt their instruction to meet 

the needs of the learners in their classroom and thus strategically move them toward more 

advanced thinking. Further, Sadaf and Johnson (2017) indicated in their study with 74% 

secondary teachers that meaningful PD was integral to teachers integrating new skills. 

Developing Skills in Metacognition  

For both teachers and students, another component to the instructional shifts 

outlined in the Framework is metacognition, which can be operationalized through a 

process in science known as sensemaking. Schwarz et al. (2017) defined sensemaking as 

“the conceptual process in which a learner actively engages with the natural or designed 

world; wonders about it; and develops, tests, and refines ideas with peers and the teacher” 

(p. 6). Specifically, metacognition in the Framework and NGSS is described as active 

questioning and thinking about how and why a phenomenon behaves the way it does 

(Bybee, 2009, 2013; Cerwin et al., 2018; NRC, 2012; Strong et al., 2020; Windschitl et 

al., 2012). The ‘minds-on’ sensemaking is key for students’ learning process by using not 

only physical ‘hands-on’ but also using ‘minds-on’ cognitive activities to answer their 

questions (Bybee, 2013; Furtak & Penuel, 2018; Windschitl et al., 2012). The process of 

sensemaking requires teachers to be both thoughtful and purposeful in their guidance in 

modeling metacognition by thinking and reflecting out loud. For example, while working 

through the equation for modeling population growth, teachers would describe their 

thought process while working through the problem to demonstrate the thought process 
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and reflection on how to apply the concept. When teachers model their own 

metacognition in this way it helps students to learn to process their understanding via 

reflective activities both individually and in small groups.  This can be done in activities 

such as a think-pair-share conversation between students to reflect on their learning. 

Metacognition is key to understanding the norms of scientific and engineering practices 

and creating a culture of scientific inquiry (Bybee & Pruitt, 2017; NRC, 2012). The use 

of sensemaking is a key component to the use of SEPs to make sense of the world, both 

natural and designed (Schwarz et al., 2017). Finally, Strong and colleagues (2020) 

described problems related to engineering design provide an ideal situation for students to 

develop and enhance their metacognitive skills.  

Fostering Engineering Practices 

Engineering is now woven into the science classroom via both the SEPs and some 

performance expectations, though science teachers have not typically taught it, with 

“fewer than one quarter of high schools offering courses in engineering” (NASEM, 2015, 

p. 107). The Framework provided two reasons for including engineering: 1) to include 

the importance of engineering problems in the human-built world, and 2) to encourage 

the integration of technology and engineering in the context of science learning (NRC, 

2012). Engineering design problems situated in areas local to the students provide rich 

opportunities for them to design solutions to issues that are important to and of interest to 

their lives. An example of integrating engineering into science described in Ryan, Gale, 

and Usselman (2017) described an engineering problem where students needed to design 

and perform their own experimental procedure, to test an engineering design with a 

LEGO build, and to test different braking systems on a robot structured scaffolds so that 
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the experimental design was the primary focus. Students needed to experience the 

process of problem solving, including the skills of perseverance, revision, and the use of 

failure to drive learning and generate new solutions (Bybee & Pruitt, 2017; NRC, 2012). 

Lopez and Goodridge (2018) stated that engineering has not been practiced regularly in 

the typical K-12 classroom; it is traditionally only taught within a post-secondary 

education. Ryan and colleagues also mentioned that it might be questionable to fully 

integrate engineering into science classes as they are currently structured, with content 

being siloed with engineering concepts related to but not completely aligned with science 

content, without significant instructional time for students to master both concepts 

(2017). 

The inclusion of engineering in the SEPs allows students to “learn about scientific 

knowledge, engineering applications, and technical communication and inquiry together” 

(Lopez & Goodridge, 2018, p. 2) and to “create integrated, usable knowledge of STEM” 

(Krajcik & Delen, 2017, p. 22). The simplified model of the engineering design process 

from the Engineering is Elementary curriculum (Museum of Science, n.d.) describes a 

six-step process of asking a question, imagining solutions, planning your design, creating 

your design, improving the design, then asking further questions (Truesdell, 2014). 

Truesdell also described a more complex design for secondary students as articulated by 

the International Technology and Engineering Educators Association that has 12 steps, 

including the steps of exploring potential solutions, prototyping, testing, evaluating and 

redesign. By incorporating engineering design principles into science coursework, SEPs 

are reinforced by engaging students in activities that mirror the authentic practices of 

engineers and scientists to understand the interconnectedness of the natural world to the 
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human-built world. For example, in a F2F physics classroom a culminating experience of 

a unit on electricity and magnetism could challenge student groups to engineer an energy 

efficient, low-cost wind-turbine to apply the science content they learned to solve an 

engineering problem that could assist in solving the global climate change issue 

(Schwarz, Passmore, & Reiser, 2017). 

Interconnecting Scientific Content 

With an emphasis on science and engineering, requiring both knowing and doing, 

as well as a conceptual understanding built over the K-12 grade spans with multiple 

learning experiences, both the Framework and NGSS provide a means for all students to 

build their scientific knowledge (NRC, 2015). This indicates that teachers should make 

changes to both their knowledge base and pedagogical strategies. First, the spiraling and 

building of concepts over the K-12 sequence requires cross-discipline and cross-content 

knowledge. Second, science disciplines are connected and interwoven throughout the 

natural world and human-built world (Bybee, 2014; Krajcik et al., 2014; Krajcik, 2015; 

Penuel & DeBarger, 2014; Pruitt, 2014), requiring the use of science practice focused 

pedagogies. For example, to understand the evidence for evolution, the performance 

expectation HS-LS4-1 reads, “Communicate scientific information that common ancestry 

and biological evidence are supported by multiple lines of empirical evidence” (Lead 

States, 2013, p. 272). Lines of evidence to support this performance expectation come 

from earth and space sciences as well as biological evidence, showing an increased 

connection between the previously separate disciplines in science. Such an F2F activity 

would include rock and fossil data, and understanding the rock record, as lines of 

evidence that supports biological evolution by way of index fossils.  
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This is known as bundling or connecting several performance expectations 

together (by the teacher), into a storyline (overarching theme to the bundled PEs) that 

helps students see the connections between the concepts they will learn and shows 

connections to other science disciplines. Bundling and the use of storylines is mentioned 

by many (Achieve, 2017a; Krajcik et al., 2014; Pruitt, 2014) because of the integration of 

scientific disciplines. Teachers will need an increased depth of knowledge of content 

outside their field of expertise and overall deeper science content in general (NASEM, 

2015; Windschitl & Calabrese Barton, 2016). This shift in pedagogy requires deep 

content knowledge that crosses the disciplines of science, connects science content via 

CCCs and SEPs, and requires a variety of new pedagogical skills (e.g., eliciting students 

ideas, asking students to explain their ideas, and to reflect on their understanding) to 

enhance participation in the science practices (Bybee, 2014; Furtak & Penuel, 2018; Haag 

& Megowan, 2015; Krajcik, 2015; Reiser et al., 2016; Windschitl et al., 2012; Windschitl 

& Stroupe, 2017).  

Curriculum and Pedagogical Implications 

As teachers move toward facilitating students in the more nuanced conceptual 

understandings of incorporating the SEP skills within content, teachers’ practices should 

include novel pedagogical tools like scaffolding forms of reasoning, metacognition, and 

the use of formative assessments to structure learning experiences (Windschitl et al., 

2012). In a 3D classroom, teachers guide students in learning how to externalize their 

ideas as well as the skills of constructive critique and questioning of others’ ideas. 

Michaels and O’Connor (2017, p. 311) described it as incorporating “new ways of 

thinking, relating with and interpreting others’ thinking, communicating and acting” 
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within a science classroom. Science teachers will need to know how to guide and scaffold 

student talk, facilitate equitable participation, model metacognition to students, create or 

modify lessons that guide students to discovery of content and practice of the SEPs, 

explicitly connect content to other disciplines and the CCCs, and use local phenomena 

and storylines that create authentic scientific inquiry to direct student learning and 

discovery (Bybee & Pruitt, 2017; Furtak & Penuel, 2018; NRC, 2015). Strategies that can 

be used by teachers include providing the why to the learning process by talking through 

their own thought process, by teachers eliciting student questions to drive investigations, 

facilitating class debates and group discussions, having students designing solutions to 

local problems, fostering student self and group reflecting on their current understanding, 

applying knowledge to a new scenario, and maintaining an overall classroom culture of 

scientific inquiry and problem solving, with the students as active learners. The use of a 

variety of additional pedagogical strategies aligned to the curriculum provide students 

multiple opportunities to see connections in their learning to scientific understanding of 

the natural world by deepening their foundation of science knowledge and strong concept 

of what scientists do (Bybee & Pruitt, 2017; Michaels & O’Connor, 2017). 

Recommendations for 3D Learning in the DL Classroom 

The literature agrees that teachers should be well versed in their content, 

pedagogy, and content understanding, in addition to needing both the time and training to 

prepare for a DL learning environment (Baran & Correia, 2014; Bergman & Sams, 2015; 

Collins & Halverson, 2009; Gonzalez-Gomez et al., 2016; Karolčík et al., 2019; Ko & 

Rossen, 2017; Loeb, 2020; Malkin et al., 2016; Moore-Adams et al., 2016; Motlhabane, 

2019; Nilson & Goodson, 2018; Rice, 2012; Stockwall et al., 2015; Sun & Chen, 2016; 
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Tucker et al., 2017; Watts, 2016). Virtual learning, online learning, or e-learning, all 

encompass DL modalities, which are defined as “education in which the instructor and 

student are physically separated from each other, in which computer technology is used 

to deliver instruction and facilitate communication and interaction among participants'' 

(Rice, 2012, p. 2). Best practices for DL modalities largely mirror those of F2F 

instruction, in that teachers should plan lesson sequences in advance, have systems of 

delivering assignments and feedback, and have a system for communicating effectively 

with students and parents. Moreover, Rice mentions five key factors of quality online 

instructional practices, the first three of which also apply to F2F instruction. First, 

teachers need to plan well and organize their course structure. Their syllabi, materials, 

and assessments should all be planned for, using backwards planning on what students 

should know and be able to do at the end of the course. The syllabi should include 

schedules of all assessments and projects so that no ‘surprise’ assignments occur. Second, 

there should be choices embedded in the design, providing options for students to 

personalize their learning. This could be a choice in the use of media to learn by (i.e., 

reading the text or watching a video), or alternative methods for students to show mastery 

of the material. Third, learning modules should engage students in active learning, where 

students are actively involved in doing and thinking about what they are doing, using 

collaborative, highly interactive, and motivating learning activities. Activities may 

involve the use of problem- or project-based learning, the use of phenomenon to engage 

students, or even a 5E sequenced lesson as described by Bybee (2009) which is a cycle of 

learning beginning with Engage, then Exploration, Explaining, Elaborating and 

Evaluation used to assess phenomena-based instruction. Fourth, teachers need to cultivate 
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student-teacher relationships as the social presence of the teacher is essential for students 

to connect and build a community of learners, which is often absent in DL modalities 

(Tucker, 2020). This can be accomplished by engaging students in discussion, including 

introductions, frequent communication, timely feedback, and creating student groups and 

discussions (Tucker, 2020; Reich, 2020). Fifth and finally, any materials developed for a 

F2F model must be adapted for DL modalities. Purchased curriculum materials cannot 

just be uploaded as is, due to copyright, but teachers can find open-source materials, or 

should modify materials to meet the previous four key factors for best practices in DL. 

For example, modifying a reading into a reading with guided questions, or creating a 

modified version of a lab experience that can be done with an online simulation that 

needs added guidelines for students to investigate. In addition to these key best practices, 

some scholars emphasize the need to provide time for metacognition for students to 

reflect on their learning and how it applies to their personal lives (Ko & Rossen, 2017; 

Moore-Adams et al., 2016; Nilson & Goodson, 2018). Examples of incorporating 

students using metacognition were described as asking questions like: What would you 

like to know more about? What aspect of this surprised you? Then discussing student 

answers as a class help students to understand and reflect on their thinking.  

For secondary instruction, a focus on online collaboration strategies and effective 

online discussions was a key factor in successfully moving to DL modalities (Rice, 2012; 

Tucker et al., 2017). This issue was a topic of discussion on both secondary CST pages: 

How do I monitor breakout rooms and how do I get them to talk in breakout rooms? 

Tucker and colleagues specifically mentioned the need for PD to assist teachers in 
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learning the skills to successfully implement student breakout groups and discussion in a 

DL modality. 

However, when the schools closed F2F instruction on March 13, 2020, California 

science teachers were unprepared to move fully online. Approximately 95% of California 

teachers, in the CST groups, had never taught a fully online class before, and about 50% 

had not used technology regularly in their F2F classes prior to the closure (Bagula, 2020; 

CASE, 2014; Milman, 2020; Trust, 2020). Preliminary data (as cited in Iveland et al., 

2020) from a WestEd national survey of 342 teachers from 25 states indicated that most 

K-8 teachers were unprepared for 3D instruction via DL. They further state that 52% of 

teachers reporting they received no support from their districts to convert to DL and 44% 

feeling unprepared for DL. Of those who received support, it was primarily on 

technology use, not on monitoring student understanding, differentiated instruction, 

incorporating the SEPs, or making science instruction relevant to students.  

Best Practices in DL for Science Education 

 Recent literature supports the idea of DL modalities becoming more accepted as 

a valid means of science teaching and learning (Bergman & Sams, 2015; Bidarra & 

Rusman, 2016; Fozdar, 2015; Ngumbi, 2020; Rice, 2012; Tucker et al., 2017). The 

constant evolution of software technology provides opportunities for laboratory 

experiences to move online, via 3D modeling such as Fusion 360, applications to real 

world problem solving, remote design, and conducting experiments such as PhET 

simulations, and other virtual learning scenarios.  

Moving toward NGSS based science learning and to online modalities warrants’ 

students use of 21st century skills both in F2F and DL classrooms (Bidarra & Rusman, 
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2016). In this context, 21st century skills are collaboration, critical thinking, 

communication, and creativity, for example, the use of communication and collaboration 

to create a model using tools from Google suite, such as Google Draw and Jamboard. 

Google Draw was used as a modeling tool in some classrooms. Students were assigned to 

add to a model template and modify it as they learned more.  This enables teachers to see 

the models that would normally be done on paper in a F2F classroom.  Jamboard was 

used for formative assessments and as a collaboration tool to elicit questions, post I 

wonder I notice statements, and to assess students’ pre-knowledge. Ko and Rossen (2004) 

described two ideas for using discussion boards in science: students could either post 

their potential solutions and then analyze and provide peer critique solutions for revisions 

or discuss how they came to a given solution in the discussion board. Both Google Draw 

and Jamboard enabled teachers to meet some of the requirements of 3D teaching and 

learning per the NGSS. 

Best Practices in DL for NGSS-Based Science Education  

Both NGSS and DL modalities foster changes from a didactic traditional style of 

teaching via lecture, facts, and memorization, to a more active learning process of 

collaboration, problem solving and use of critical thinking to solve problems and create 

solutions. In addition, the C&I practices needed to implement NGSS are supported by the 

practices to be effective in DL, as described in the previous paragraphs above. This 

emergency shift to DL may provide science teachers with the opportunity to experience 

and practice some of the pedagogical changes implied by 3D teaching and learning, even 

if they had not yet begun implementing NGSS. In addition, science teachers globally may 
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benefit by learning how to successfully implement hands- and minds-on science learning 

that includes all students. 

Modeling how Teachers Move 3D Learning from the F2F to the DL Classroom 

DL leverages computers, mobile devices, and the internet to deliver instruction to 

students that are separated by distance, or even time zones, to create rich learning 

experiences. DL may be conducted in either synchronous sessions, where teacher and 

learners are online working at the same time, or asynchronous sessions, where the teacher 

posts an assignment and students work independently to complete the assignment by a 

specified due date. Both methods provide space for increased student autonomy in 

learning, active participation by learners, collaboration and community building, and 

practice with 21st century learning skills (Collins & Halverson, 2009; Gonzalez-Gomez 

et al., 2016; Loeb, 2020; Rice, 2012).  

Rice emphasized that “good teaching is good teaching” (p. 2) whether in F2F 

classrooms or via DL. The major difference between F2F and DL is the way teachers 

communicate with their learners and deliver content. DL has the potential to increase 

personalized learning by leveraging the many technological tools and applications 

available. Online conferencing systems like Zoom or Google Meet provide a platform 

where teachers and learners may interact virtually with video and audio streaming 

capabilities, as well as chat features for written communication. These online tools 

provide opportunities for facilitated interaction and communication, the capability to 

assist learners with skills and knowledge building, and experience in 21st century skills 

(Bergman & Sams, 2015; Gonzalez-Gomez et al., 2016; Ko & Rossen, 2017; Rice, 

2012).  DL has the potential to facilitate change in the way we teach and learn, outlined 



Texas Tech University, Heather Wygant, May 2022 

50 

by reform standards such as the NGSS. As stated previously, the NGSS promotes learner 

autonomy, collaboration, active participation, and the use of authentic problems and 

assessments with the teacher as a guide to learning. DL provides these same opportunities 

for teachers to change the way they teach, and change how students expect to learn, 

including students increasingly taking responsibility for their own learning (Collins & 

Halverson, 2009; Gonzalez-Gomez et al., 2016; Loeb, 2020; Rice, 2012).  

At first, F2F teachers found that changing to DL modalities early in the pandemic 

was difficult, as it was seen as “daunting and foreign” (Tucker, 2020).  Schools were 

rapidly adjusting to using a learning management system, or LMS, that teachers might 

not be familiar with as prior to the pandemic schools may or may not have had a set LMS 

for the site (Flynn, 2020). Districts that were able to take a few weeks after the initial 

closure on March 13, 2020, were able to provide some intensive training as they switched 

to a single LMS to streamline the platform teachers and students would use for 

distributing assignments, and they learned how to use tools like Zoom or Microsoft 

Teams to hold their classes (Wiggins, 2020). Constant learning occurred and new skills 

were acquired as the technological tools required for use during the pandemic changed. 

The change from traditional didactic models of instruction (lecture, textbook information) 

to more interactive modes of student-centered learning (collaborative inquiry, Socratic 

seminars, arguing from evidence) required by DL (Rice, 2012) mirrors the changes 

implied by the Framework (NRC, 2012) and NGSS (Lead States, 2013), and provide the 

impetus for practicing 21st century skills (Barak, 2016). The need for creating an online 

community of learners became more important as the F2F closures continued into the 

2020-2021 school year (Flynn, 2020; Reich, 2020; Tucker, 2020). 
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An investigation of secondary teachers by Howard, Chan and Caputi (2014) found 

that those who had positive beliefs about, and training on, how to implement laptops into 

their classroom, directly impacted the technology integration. The e-learning study by 

Cheok and Wong (2015) indicated that when teachers saw the benefits of, and were 

satisfied that it is useful, they were more likely to use an LMS in their practice. This 

study also indicated that use of technology in classrooms was uneven, depended on 

teachers’ beliefs, and PD on the use of technology in classrooms prior to the pandemic. 

Therefore, it is important that quality PD for sound teaching practices be established for 

the use of technology in instruction, as this strongly correlates to teacher confidence in 

the use of these tools (Baran & Correia, 2014; Malkin, Rehfeldt, & Shayter, 2016). As we 

will see in the next section, teachers’ confidence in using a tool, their attitude toward 

technology, and the pressures of using them may affect their successful implementation. 

Theory of Planned Behavior as Model of Teacher Behavior 

The theory of planned behavior (TPB) by Ajzen (1991) was employed in this 

study to model how best practices in 3D teaching (e.g., metacognition, engineering 

practices) and practices typical of ideal NGSS implementation translated to DL 

modalities among California secondary science teachers. The TPB is a theoretical and 

predictive model that combines three constructs of an individual’s behavioral intent (BI) 

equally. The three direct constructs are attitude toward the behavior (AB), subjective 

norm (SN), and their perceived behavioral control (PBC), which can be used to predict 

an individual’s behavior. The TPB is an extension of the theory of reasoned action (Ajzen 

& Fishbein, 1980) that described an individuals’ intent to perform a behavior based on 

their motivations to do the behavior (such as the need to try the behavior) and the amount 
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of effort willing to expend on the action (Ajzen, 1991). In the TPB model, intention is 

defined as an individuals’ motivation that influences behavior based on personal attitude 

towards the behavior, as well as social influences to do the behavior, and describes an 

individual’s intent to try a behavior. However, intention is confined by behavior under 

volitional control, in which a person can choose whether to perform a behavior or not. 

Ajzen further explains that the performance of many tasks depends on some other non-

motivational factors such as skills, the cooperation of others, or time. From the theory of 

reasoned action, a person’s intent is a function of an individual’s AB toward the behavior 

and the perceived SN to implement (Ajzen, 1985), where the attitude is described as a 

person’s “positive or negative evaluation of performing the behavior” (p. 12). Subjective 

norms are the perception of the pressure from others, such as peers or supervisors, with 

respect to performing a behavior. Depending on the behavior in question, attitudes may 

be more important in some instances, where other behaviors the normative may be more 

of a factor for the individual to consider. For example, if a site administrators’ 

expectation is to implement a new educational reform, the subjective norm may be 

strengthened to overcome an educator’s attitude about the reform (Oh, 2003). In 

summary, behaviors under volitional control may be predicted based on personal attitudes 

based on likely outcomes, and the subjective norm regarding expectations from peers or 

supervisors to comply (Ajzen, 1985). Thus, intent is the predecessor of behavior, as per 

the theory of reasoned action, with assumed volitional control. The application of 

reasoned action is limited when non-volitional factors are a strong influence. 

TPB adds to reasoned action an individual’s PBC, which is a combination of 

volitional control based on self-efficacy and the perceived expectations to action, as it 
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related to a persons’ intent to try to perform a behavior (Ajzen, 1985). PBC is assumed to 

include a person’s past experiences and anticipated obstacles and includes an individuals’ 

self-efficacy, as defined by Bandura (1977; 1982), as a persons’ feeling of their capability 

to perform an action well in each situation. However, as the intent to act is influenced by 

personal and environmental barriers, “the addition of PBC should become increasingly 

useful as volitional control over behavior decreases” (Ajzen, 1991, p. 185). Non-

volitional control factors, such as new information, confidence, commitment, time and 

opportunity, and dependence on others may affect a person’s intent to try, thus preventing 

the actual behavior. For example, in reform situations where PBC is low, either by lack of 

finances, or skills and knowledge, the intent to perform a behavior may be hampered 

(Dunn et al., 2018). Therefore, TPB reflects the expansion of reasoned action by 

including the consideration of these non-volitional factors as determinants of behavior. 

The TPB is composed of the following constructs: behavior (AB), normative 

(SN), and control (PBC), which are interconnected within the TPB. In addition to these 

primary constructs are salient beliefs and evaluations of those beliefs that may influence 

the primary constructs (Lumpe et al., 1998; Lee et al., 2010). In turn these are determined 

based on salient beliefs and the evaluation of these salient beliefs, which are described 

further in the next section. Using these constructs can predict the extent to which AB, SN 

and PBC lead to BI (Lee et al., 2010). Moreover, there is generally an interdependence of 

constructs: attitude may be the significant impact on intent (Crawley, 1989; Desouza & 

Czerniak, 2003; King & Musselman, 2014); SN may be the most important (Pierce, 

2018); or PBC is the significant impactor (Dunn et al., 2018); and in others all three 

factors may be important contributors (Cheon et al., 2012; Haney et al., 1996; Teo et al., 
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2016). For example, in this study, the move from F2F to DL was not a choice, but a 

necessity as a result of the pandemic causing statewide school closures. Therefore, the 

SN would be that secondary science teachers would continue to deliver 3D curriculum 

and instruction via DL modalities. This would suggest that the constructs of AB and PBC 

may be more important contributors to educator’s willingness to continue 3D 

instructional practices via the DL modality. Per the TPB model, a positive attitude, and a 

positive perception of their abilities to continue NGSS and DL modalities would enhance 

their intent to continue NGSS, whereas negative attitudes and perceptions of their 

perceived abilities could decrease their intent. The SN construct may be an important 

factor if the school site or district expects NGSS implementation to continue while in DL 

modalities. Teachers would be more likely to implement NGSS if their administrators 

and peer teachers are expecting implementation and if they are held accountable to 

providing high quality science instruction. Similarly, for the construct of PBC, teachers 

that have received more PD may be more confident in their abilities to implement it, and 

thus be more likely to do so. These potential relationships, as it pertains to the present 

study, are diagrammed in Figure 2.1. As each construct is described, the a priori codes 

application of the TPB to this study is also noted. 
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Figure 2.1 Model of TPB Constructs Mapped to Salient Beliefs of Implementing NGSS 
via DL. 
  

 
Note: Adapted from “Constructing a TpB Questionnaire: Conceptual and Methodological 
Considerations” by I. Ajzen, 2006 and “Implications for Math and Science Professional 
Development within the Theory of Planned Behavior” by B. Jones-King and M. 
Musselman, 2014 
 
Behavioral Beliefs 

 Behavioral beliefs are outcome expectations an individual has developed about 

performing a specified behavior (Jones-King & Musselman, 2013) and can be described 

as the understanding and evaluation of the consequences of performing a behavior. The 

salient beliefs of BI are the behavioral beliefs (bb) about, and an individual’s evaluation 

of the consequences (oe) of doing the behavior. These outcome evaluations (bb x oe) 
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combine into the indirect measure of attitude toward behavior (ABi; Desouza & 

Czerniak, 2003; Fishbein & Ajzen, 2010; Jones-King & Musselman, 2013, Lumpe et al., 

1998). Thus, a persons’ ABi is determined by a persons’ strength of salient beliefs and 

consequences of performing an action or behavior. If positive outcomes are expected, a 

positive attitude toward that activity could be expected. However, if a person believes 

that negative consequences will follow, a negative attitude about the behavior would be 

held. In other words, negative expected consequences lead to negative attitudes, while 

positive outcomes generate positive attitudes about an action or behavior. 

Studies have shown that educator attitude can either support or prevent science 

education reform (Bybee, 1993; Haney et al., 1996; Pierce, 2018). Beck et al. (2000) 

found in their study of 58% secondary teachers that attitude toward the behavior was 

significant in teachers’ intent to implement the reform (p. 334). Haney and colleagues 

(1996) also noted that teachers who were more familiar with the reform details were more 

likely to have a positive attitude toward the reform; increasing understanding of the 

reform details may help increase educator attitudes toward the reform. Pierce (2018) 

noted that high school chemistry teachers that were familiar with NGSS shared a more 

positive attitude toward NGSS and this increased their likelihood to implement. Focused 

PD on NGSS (PBC) and observing other teachers implementing NGSS (SN) may 

increase teachers’ positive attitudes toward implementing NGSS. 

Hence, this model is ideal for study because teachers’ attitudes toward the 

student-centered 3D instruction and learning may be why there was uneven 

implementation of NGSS in California. Regarding this study, the model may predict that 

teachers who believe that 3D instruction via DL modalities will benefit students are more 
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likely to have a positive attitude, and a positive belief about NGSS, and will thus be more 

likely to implement NGSS via DL modalities. Though, if teachers believe that DL or 

NGSS are not beneficial, the model may predict a reduced behavioral intent (BI) to 

implement these initiatives.  

Normative Beliefs 

Normative beliefs are the perceptions one holds of others’ opinions regarding 

whether that individual should perform a behavior (Dunn et al., 2018). McFarlane and 

Woolfson (2013, p. 47) defined the SN construct “as individuals’ perceptions of how 

significant others, such as administrators or other teachers, will rate their behavior.” The 

salient normative beliefs (nb) of the perceptions of influence from significant groups and 

the motivation to comply (mc) with those groups combine to form the indirect measure of 

an individuals’ subjective norm (SNi) (Lee et al., 2010; Lumpe et al., 1998). Therefore, 

the SNi measures the magnitude to which an individual believes are the perceived 

expected conduct or behaviors from a significant group. For example, Haag and 

Megowan (2015) found that secondary teachers that had more training with NGSS 

practices were more motivated to use the SEPs in their daily practice than were teachers 

that did not have training (p. 422). Haney and colleagues (1996) reported that SN made 

significant contributions to behavioral intent, in that teachers felt that administration or 

colleagues supported the reform. In Iowa, Pierce (2018) noted that SN was the largest 

contributor in implementing NGSS, as the state expected these high school teachers to 

implement these standards. These studies indicate that a perceived expectation from state, 

district, site, and other teachers to implement NGSS could be a salient contributor to their 
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BI. In California, with varied expectations on NGSS implementation across the state, 

there is a varied SN to implement.  

Perceived Behavioral Control 

The construct of PBC accounts for time, opportunity, and reliance on others to 

perform a behavior. Accordingly, PBC is composed of volitional control, self-efficacy, 

and external control constructs: Volitional control, or the individuals’ control beliefs (cb) 

describes the plan to take an action or pursue a goal (Ajzen, 1985, p. 24); self-efficacy 

describes an individual’s perceived skill level, or ability to perform an activity well; and 

external control factors, or control power (cp), to change intentions. For example, when a 

factor beyond one’s control occurs, his or her intentions and plans consequently change. 

A lack of time or opportunity could thwart a plan to learn a new skill, or an unwilling 

participant may hinder efforts to collaborate. Cheon and others (2012) noted that 

“behavioral control is increased when individuals perceive that they have more resources 

and confidence than expected obstacles” (p. 1056) and that an “individuals’ confidence in 

performing a specific task significantly influences behavior” (p. 1057). Additionally, a 

NASEM (2020) study found that K-12 science teachers will need PD on how to transition 

from F2F to distance teaching strategies to learn effective strategies of 3D instructional 

practices for remote and hybrid models of teaching. Quality resources, such as curricular 

materials, and increased self-efficacy in 3D instructional practices via PD may support 

teachers implementing NGSS, as indicated in Sadaf and Johnsons’ (2017) study that PD 

was integral to secondary teachers’ integration of digital literacy. Conversely, the lack of 

high quality NGSS aligned instructional materials may negatively affect teachers’ 

intentions to implement NGSS while in DL modalities. 
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Haney and colleagues (1996) reported that of teachers in four grade levels from 

2nd-11th randomly selected access to high-quality PD and having available resources 

made the greatest contribution to PBC, and access to training increases teachers’ PBC in 

implementing the reform. Dunn and colleagues (2018) used a modified behavioral intent 

questionnaire to obtain salient belief data from a random group of teachers (72% 

secondary) in California involved in the CCSS Math project. They found that PBC was 

the strongest predictor of teachers’ intent to continue with professional learning, 

suggesting that increased control of funding and support for PD could improve education 

reform. The authors found that PBC was the most significant construct, with attitudes 

toward CCSS implementation being the least significant contributor to behavioral intent. 

They also noted that the use of TPB in a feedback loop may help predict the impact of 

short-term PD to highlight issues that teachers may perceive as significant of hindrance to 

their learning (p. 292). This suggests that state provided funding, and accountability to 

implement a reform effort may increase the likelihood of the reform being implemented. 

The vast amount of research on teachers using the TPB is due to vetted 

instruments to measure TPB constructs. For example, Czerniak and colleagues (1999) 

found that attitudinal beliefs, social norms and PBC were all linked significantly to BI, 

with PBC providing the strongest influence. Armitage and Conner (2001) found the 

following: 

Implementation of an intention into action is at least partially determined by 

personal and environmental barriers… Thus, in situations where prediction of 

behavior from intention is likely to be hindered by the level of actual (i.e., 
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volitional) control, PBC should 1) facilitate the implementation of behavioral 

intention into action and 2) predict behavior directly (p. 472-473).  

In Pierce’s (2018) study on NGSS implementation of high school chemistry in 

Iowa, they found that the salient beliefs of PBC on access to high quality PD, 

collaboration with colleagues, and observing classrooms using NGSS were most helpful 

in increasing teachers’ intent to implement NGSS. These studies suggest that access to 

NGSS-based PD should enhance secondary science teachers’ confidence to implement 

NGSS.  

In this study, the expectation to convert to DL because of the pandemic may have 

convinced teachers to learn how to teach in more student centered, active learning 

methods, whether they intended to prior to the school closures or not. This need for 

enhanced skills to transition to DL indicates a need for high quality PD for both teaching 

NGSS and via DL modalities. Conversely, the move to DL modalities may have caused 

teachers to revert to didactic instructional methods, and to abandon NGSS 

implementation. Thus, measuring teachers’ PBC is another important factor in 

determining intent to continue 3D instruction via DL modalities.  

TPB as a Predictive Model 

As discussed in the previous sections, TPB has been used by several studies to 

predict teachers’ intentions in a variety of ways. Pierce (2018) used TPB as the 

theoretical framework to help predict which salient beliefs prevented, or promoted, 

NGSS implementation with chemistry teachers in Iowa, finding that access to high-

quality PD increased teachers’ self-efficacy and confidence, their PBC toward 

implementing NGSS, and thus their intent to implement. MacFarlane and Woolfson 
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(2013) used TPB to speculate on teachers’ intentions to include children with social and 

emotional disorders into mainstream classes and found that the expectations of 

administrators and educator peers was a determining factor. Notably, teachers’ SN was 

the most important factor in predicting behavioral intent. Crawley (1989) used TPB to 

predict the intentions of grade 5/6 and 9/10 teachers enrolled in a physical science 

institute to implement investigative teaching methods, finding that AB was the single 

highest predictor of participants’ intent to implement the activities and investigations 

learned at the PD. These studies suggest that TPB can be effectively used to describe 

behavioral intention, and predict future behavior among populations of teachers, 

especially secondary science teachers. Remarkably, with each situation, different 

constructs of TPB hold differing amounts of significance towards the nature of teachers’ 

behavioral intention. However, Armitage and Conner (2001) found that “if perceived 

control (i.e., PBC, self-efficacy, perceived control over behavior) is unrelated to actual 

control, the extent to which perceived control would moderate the intention-behavior 

relationships or show a direct link to behavior is unclear” (p. 484). This study attempted 

to predict which factor(s) of TPB were most relevant in predicting teachers’ intent, and 

thus continue with NGSS based instructional practices as California continued into the 

2020-2021 school year via DL modalities only for 3D teaching and learning. 

Calculating Behavioral Intent 

The TPB uses the following indirect constructs of attitude beliefs (AB) about the 

outcomes, subjective normative beliefs (SN) and perceived control beliefs (PCB) that can 

each be weighted by their outcome evaluations (oe), behavioral beliefs (bb), motivation 

to comply (mc), normative beliefs (nb), control power (cp) and control beliefs (cb), to 
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generate the measures of the indirect attitude toward behavior (ABI), indirect subjective 

norm (SNI), and indirect perceived behavioral control (PBCI). 

The three indirect measures can be shown by equations 1, 2, and 3: 

 ABI = ∑ (oe)(bb)       (1) 

SNI = ∑ (mc)(nb)       (2) 

PCBI = ∑ (cp)(cb)       (3) 

As attitude, subjective norm and PBC constructs are directly linked to the 

behavioral intent (BI) and thus to behavior (B), (Haney et al., 1996) the relationship of 

these constructs is shown in equation 4: 

B ~ BI ~ (ABI + SNI + PBCI)     (4)  

Crawley (1998), Haney and colleagues (1996) and Pierce (2018) used these 

equations to determine the variance in each construct to determine the most impactful to 

their education related questions. Similarly, in the present study, the use of these 

formulae will be considered in determining what construct is most influential in teachers’ 

intent to continue NGSS with the added pressure of DL via the survey (as seen in Figure 

2.1). In addition, the relationship between variables were noted to show how both the 

indirect constructs and direct constructs of TPB will be used to predict teachers’ intent to 

continue NGSS via DL. The use of the TPB equations will help determine which 

construct, AB, SN or PBC, if any, was most important in predicting a teacher's intent to 

continue NGSS via DL. Additional qualitative data will help to illuminate why certain 

constructs or what other factors mediate behavioral intent more than others, providing 

greater insight to the determinants that fostered (or did not foster) teachers’ intention to 
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teach the NGSS via DL modalities during the COVID-19 pandemic of 2020. Together, 

these data sources will integrate to explain the data and build the TPB model. 
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CHAPTER III 

METHODOLOGY 

As a result of the COVID-19 pandemic school F2F closures between March 2020 

to June 2021, science teachers in California had to convert to DL instruction with little 

advance training. Amid NGSS implementation, secondary science teachers were now 

faced with implementing both NGSS and DL modalities. Research suggested that PD for 

teachers in implementing both NGSS and DL included coherent, sustained PD that 

models effective pedagogies, involves active learning through collaboration, and 

continued over a sustained duration, with time for both feedback and reflection (as 

described in chapter 1). The CST Facebook groups consisted of teachers already using 

3D instruction and learning in the F2F classroom, actively learning new skills via the 

collaboration offered within the groups and began seeking PD to learn how to transition 

to DL modalities in March 2020. Using Ajzens (1981, 1985) TPB, this study sought to 

determine how California secondary science teachers were expressing beliefs towards the 

NGSS such as to predict their intent to continue to implement science 3D teaching and 

learning via DL modalities.  

Pilot Study  

A pilot study was conducted and consisted of collected screenshots of a sample of 

posts (N = 49) in the four CST Facebook groups to provide proof of concept, that the 

TPB constructs would be evident in teachers’ conversations for the present research 

study, and to develop the codebook using a priori or deductive coding for the follow up 

interviews. Screenshots from the CST groups were interpreted to determine teachers’ 

overall intent to continue NGSS via DL modalities but did not have enough detailed 
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information to calculate the constructs of the TPB model. Names and personal identifiers 

were redacted and were then sorted and stored by group on a password-protected 

computer for analysis. A codebook was developed using the deductive constructs of the 

TPB, best practices in NGSS 3D instructional practices, and for DL instructional 

practices. The Facebook posts were coded using this pilot codebook shown in Appendix 

A using inter-rater reliability. 

Pilot Study 

A pilot study of the CST Facebook pages was done to investigate the need of 

California science teachers in terms of how to teach NGSS via DL modalities and to 

determine if the Ajzens’ constructs were evident in conversations. Pilot screenshots (N = 

49) were taken from the CST groups and were coded using the codebook in Appendix A. 

In selecting pilot posts, the researcher attempted to obtain a variety of posts from 

different teachers, such that posts that appeared in multiple groups were intentionally not 

counted in each group. In addition, posts were only evaluated for the TPB general 

constructs of AB, SN, or PBC in terms of the nature of the construct, the details of the 

constructs were not evident. Educator’s intent to continue 3D instructional practice was 

considered apparent in that they were posting with either a request for or providing 

resources to others on how to continue NGSS implementation via DL modalities, 

providing evidence that the TPB constructs could be evaluated in conversations such as 

an interview.  

Pilot Codebook 

The codes in the codebook were developed based on deductive coding using the 

three direct constructs of TPB: AB, SN and PBC, as well as the key facets of NGSS 3D 
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teaching and learning and best practices of DL, additional codes were added to this 

codebook for the full study, using inductive coding, that directly related to how teachers 

augmented their C&I practice during DL modalities. Codes were tested on the pilot data 

and revised based on inter-rater discussions to clarify the constructs. Appendix A shows 

the pilot codebook for categorizing discussions of teachers by the TPB constructs of 

attitude, subjective norms, and PBC as well as elements of NGSS based instruction and 

best practices in DL. In addition, references to the equations listed on p. 57 are noted in 

the detailed description of the codebook.  

Pilot Data Analysis 

For the pilot data, each rater coded the data individually, then met to compare the 

CST data sets to reach an inter-rater agreement (IRA) of 100% as defined by Tinsley and 

Weiss (1975) to ensure clarity of the codebook. The second coder was a county science 

coordinator with a deep understanding of NGSS, a master’s in education, and has 

participated in other qualitative research studies, such as Grace et al. (2021). IRA was 

conducted with a second rater for the high school CST group posts first (n = 10), 

discrepancies were discussed and resolved after each iteration of individual coding until 

reaching 100% agreement. This resulted in clarification of the constructs within the 

codebook. After the initial coding segment, one discrepancy discussed was for attitude, 

where coder one coded a post for the presence of attitude, and the second rater did not. 

The discussion brought up that the code description for attitude was specific for NGSS 

and DL (not either-or), and it was not clear whether the post indicated attitude or SN. 

Therefore, the codebook was modified to make it clear that constructs of TPB could be 

about either NGSS or DL, and this post was removed from the count for attitude, as it 
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could not be determined if it was, in fact, AB, or if it was SN. A second discussion was 

about clarifying which Framework was being used for the NGSS codes (it was asked if 

this was the national or CAF) so clarification was added to the codebook that all 

references to NGSS were based on the guidance provided in A Framework for K-12 

Science Education (NRC, 2012). The final discrepancy discussed was about what 

constitutes engineering. Specifically, it was asked whether Rube Goldberg Machines 

were considered engineering. After discussion, the description for engineering was 

updated to read: ‘Engineering design process is used by students to define a problem and 

design or to evaluate solutions,’ thus eliminating this post from being counted as 

engineering. 

Inter-rater reliability (IRR) was calculated for each type of qualitative data 

collected (pilot and interviews) by at least one additional coder. The codebook, posts and 

transcriptions were provided to the additional coder(s) with discussion on how to do the 

coding process, and any open codes were discussed for similar meanings and reconciled 

after coding was completed. Finally, IRR was calculated for a subset of each data set 

using Krippendorff’s alpha (KALPHA), which is best used with at least two independent 

coders (Hayes & Krippendorff, 2007). There was anticipated to be extensive coding to be 

done, so a minimum of 10% of the data were evaluated with at least two coders. 

KALPHA provided information about the reliability of the variables coded, as opposed to 

the coders, and is considered the most reliable of inter-rater reliability calculations (De 

Swert, 2012; Glen, 2020; Hayes & Krippendorff, 2007). 

The two coders then used the updated codebook to individually code the coaches’ 

group (n = 11). After coding, additional discussions were held to compare the codes, and 
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additional clarifications were made. The first conflicting code for the second round was 

about a post with ‘students deserve’ that the first rater coded as a 2 for expectations, but 

the second rater did not. It was determined, after discussion, that the expectation was for 

students and not for teachers. Therefore, the codebook was clarified further to be 

inclusive of teachers and administration expectations, while not including student 

expectations. In addition, the code labeled 3, that included self-efficacy and PBC, was 

expanded to include ‘stated struggles with either NGSS or DL’ based on the IRR 

discussion. Finally, the last two groups were coded independently (n = 26) with inter-

rater agreement at 100% for the last two data sets, where the codes for these remaining 

posts were identical for both coders. The blinded sample coded screenshots, shown from 

the elementary CST group in Figure 3.1, middle school CST group in Figure 3.2, and the 

high school CST group in Figure 3.3 demonstrate the results of incorporating IRR into 

the coding process.  

 

Figure 3.1 Coded Elementary Post 
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Figure 3.2 Coded Middle School Post 

 

 

Figure 3.3 Coded High School Post 

 
The results of the pilot study are shown in Table 3.2, with frequency of each code 

for each group noted and a percent value for each set of codes. Full analysis using the 

equations on p. 57 were not possible as there was not enough information in the posts to 

provide the construct detail of the TPB needed for the calculations. Preliminary results 

indicate that 46% of science teachers intended to continue teaching 3D science even 

while moving to the DL modality in March of 2020 and demonstrated that the TPB 
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model constructs could be ascertained from transcripts of teachers’ conversations. 

Teachers were asking for and sharing lesson ideas and virtual lab activities (86%), 

methods of 3D teaching, learning, and assessment (45%), online available PD (18%), 

planning documents for the rest of the year, templates for lessons, and more on the CST 

pages. Posts to notify teachers of virtual chat sessions to share ideas and plans, links to 

virtual PD and Twitter discussions, updates from the state school board, university 

systems, testing, organizations on grading and other policy changes, were being shared as 

well. The posts showed a clear indication of the intent (46%) for teachers to expand both 

their DL understanding and their capacity to deliver 3D teaching and learning via DL 

instruction in the fall. In addition, 22% of posts indicated clear expectations that teachers 

would continue with 3D instruction via DL modalities. Percentages were calculated from 

frequencies of each category for the combined group total for each TPB construct, for 

NGSS, DL best practices, PD, shared resources, and struggles or problems. 

Table 3.1 Frequency of Each Code in Each CST with Calculated Percent in Each Category. 

Code Elementary 
(n = 13) 

Middle 
school 
(n = 15) 

High 
school 
(n = 10) 

District 
coaches 
(n = 10) 

Percent 
(N = 49) 

1 - Attitude toward 

behavior 

0 2 3 3 16 

2 - Subjective norm 2 1 4 4 22 

3 – PBC 3 1 1 0 10 

4 - Intent to continue NGSS 6 8 5 4 46 
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Table 3.1. Continued      

5p – Pedagogy 1 1 0 1  

 

 

All 
NGSS 

45 

5d - 3D instructional practices 3 4 3 4 

5a - All students (equity) 0 5 2 3 

5m – Metacognition 1 1 0 0 

5e – Engineering 2 0 1 0 

5i - Interconnected content 0 1 2 2 

DL - Best practices in DL 6 4 5 4 49 

PD - PD opportunities  2 4 2 1 18 

8 - Shared resources 

(collaboration) 

12 12 7 11 86 

9 - Struggles or problems 2 1 1 1 10 

Note: Numbers indicate the number of times an item was observed in the sample of posts. 

 

The pilot study and analysis were able to determine teachers’ overall positive 

intent to continue NGSS instruction via DL modalities and demonstrate that the TPB 

constructs would be evident in conversations. The pilot data evidences how teachers 

intended to continue NGSS via DL modalities but did not provide information on the 

TPB constructs (i.e., the constructs of AB, SN and PBC) to model their BI fully or 
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accurately, warranting a larger study. However, many aspects of coding and the 

codebook informed the present research study. 

Research Questions 

This study attempted to answer the question: in what ways do teachers’ attitudes, 

subjective norms and PBC affect their intent to continue implementing NGSS as guided 

by the Framework, via DL instructional best practices during the COVID-19 pandemic 

school closures in California? The following research question and sub questions guided 

the study: 

1. Given little PD for online instruction methods, what constructs most 

contributed to California secondary science teachers’ intent to continue the NGSS 3D 

instructional practices, as modeled by Ajzens (1985, 1991) Theory of Planned 

Behavior (TPB)? 

a) How were teachers augmenting their C&I practice (e.g., training, 

instructional strategies) for 3D instruction via DL modalities? (BI) 

b) What were teachers’ attitudes toward 3D instruction via DL modalities? (AB) 

c) What were teachers’ perceived pressures to continue 3D instruction via DL 

modalities? (SN) 

d) What were teachers’ perceptions of being able to deliver high quality 3D 

instruction via DL? (PBC) 

The study allowed for understanding the how and what teachers' AB, SN, and PBC 

in terms of implementing 3D teaching and learning had, and thus their intent to continue 

3D instruction via DL modalities, as previously modeled in Figure 2.1 (p. 53), was used 
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to investigate, and describe TPB constructs as indicators for BI using surveys and 

interviews. 

Research Design 

To thoroughly explore the research questions, a multimethod research design 

using a convergent parallel mixed methodology (Creswell & Creswell, 2018; Creswell & 

Plano-Clark, 2018) was used to analyze California science teachers’ intentions to 

continue NGSS implementation via DL modalities. The design type was defined by 

Creswell and Plano-Clark (2018) as a procedure for collecting and analyzing both 

quantitative and qualitative data and then comparing the results to develop a more 

complete understanding of the problem. The rationale for utilizing mixed methods in this 

study was that combining the results of the qualitative interview data with the 

quantitative survey findings provided a deeper understanding and explanation of the 

quantitative results (Creswell & Creswell, 2018). The convergent mixed method design 

was used as the quantitative results were not directly tied to the interview development, 

instead the interview was designed to understand how teachers continued NGSS 

instructional practices during DL modalities, what factors influenced their decisions, and 

to understand more about how and why teachers pursue PD to enhance their C&I 

practice. As shown in Figure 3.4, the quantitative data collection was done first, with a 

56-question BI survey to determine secondary science teachers’ intentions to continue 

NGSS via DL modalities during the March 2020 through June 2021 F2F school closures. 

The qualitative interview questions were developed after the survey was given and 

designed to enhance the understanding of and explanation of teachers’ intentions to 

continue NGSS via DL modalities. Finally, the data were integrated by representing the 
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quantitative results and the follow-up qualitative findings in a joint display to facilitate 

interpretation. 
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Figure 3.4 Research Design: Convergent Mixed Methods Study 

 
Quantitative Research Approach 

Based on the CDE’s Fingertip Facts on Education in California (2021), there are 

approximately 130,580 secondary teachers in California. Approximately 13% of these are 

science teachers, with an estimated 30% of these implementing NGSS prior to the 

pandemic. This means that there were approximately 5,000 secondary science teachers in 

California that were likely implementing NGSS in face-to-face classrooms prior to the 
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pandemic. A 56-question BI survey was adapted from Pierces’ behavioral intent 

questionnaire (2018) with three items from the Dunn et al. (2018) behavioral intent 

survey to determine the significance of each of the TPB constructs as it relates to 

implementing NGSS and teachers’ intent to continue NGSS via DL modalities during the 

COVID-19 F2F school closures. A Qualtrics survey (see Appendix C) was distributed via 

posts between March 2021 and May 2021 on the CST Facebook groups for middle and 

high school, on the Facebook groups of the California Science Teachers, Earth and Space 

Science and the NGSS, California Teachers for Environmental Literacy, NGSS Biology 

Teachers, NGSS Educators, NGSS Physics Teachers, NGSS Chemistry Teachers, 

Chemistry Teachers Teaching Remotely due to COVID-19, NGSS Chemistry Teachers 

ONLY NGSS DISCUSSIONS!, on Twitter with the hashtag NGSS, on the researcher’s 

personal Instagram account, and via email to county office science coordinators to share 

with secondary science teachers in their county. The link was also posted in the CST 

coach group with a request that coaches share with the secondary teachers that they work 

with. Posts and emailed requests were repeated four times, over the span of seven weeks, 

asking for participants. Participants were asked to share the survey with their colleagues 

to distribute the survey beyond social media outlets 

The data collected from the 233 surveys were cleaned, including the removal of 

data that did not meet the selection criteria, for a total of N = 151 completed survey 

respondents. After cleaning, the survey data was analyzed using the equations on pages 

59-60 to generate ABi, SNi, PBCi, BI, ABd, SNd and PBCd scores. Using SPSS version 

27, a binary logistic regression (BLR) analysis was conducted to determine the 

contributions of each construct of the TPB and their interactions to the prediction of 
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positive behavioral intent (PBI; with scores from 4.5-7) and with the null value, or 

negative behavioral intent (null; with scores <4.5) to address the primary question of 

which constructs of the TPB most contributed to teachers’ intent to continue NGSS 

instructional practices via DL modalities. The value of 4.5 was chosen as the cutoff for 

PBI, as four was considered neutral, with one as the most negative score, and seven as the 

highest positive score, thus anything over 4 would be positive. After calculating the 

medians, 4.5 was the first positive value higher than the neutral value of 4 in BI dataset, 

so 4.5 was chosen as the lowest positive value.. BLR was chosen to predict which 

constructs of the TPB or demographic variables were most influential to teachers 

continuing NGSS via DL modalities, as the goal of the TPB equations was to predict 

teachers’ intentions, and the equations have multiple measured variables. Since BLR was 

designed to assess the probability of a binomial IV, such as a positive or negative BI, 

occurring, as related to the explanatory DVs. Variables are listed with their type of data, 

whether they are independent or dependent variables, and their descriptions in Table 3.2. 

BLR was used to predict the probability that a factor falls into one of two categories for a 

binomial dependent variable based on one or more independent variables (Laerd 

Statistics, 2017). The survey contained items that elicited information about the six 

predictor variables of the TPB equations on p. 57 (ABd, SNd, PCBd), Abi, SNi and 

PBCi), as well as ten demographic variables that were hypothesized to impact PBI, the IV 

of this study.  
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Table 3.2 Variable types, descriptions, and their context to this study 
 

Variable Type   IV or DV Description 

PBI Ordinal DV Variable BI converted to 
dichotomous using values of 4.5 
< 7 = 1 

Null --- --- Variable BI converted to 
dichotomous using values of 0 < 
4.4 = 0 

BI Ordinal IV TPB variable Behavioral Intent, not 
directly used in BLR analysis 

ABd Ordinal IV TPB variable Attitude toward 
Behavior, directly measured 

SNd Ordinal IV TPB variable Subjective Norm, 
directly measured 

PBCd Ordinal IV TPB variable Perceived Behavioral 
Control, directly measured 

Abi Ordinal  
IV 

TPB variable Attitude toward 
Behavior, indirectly measured 

SNi Ordinal IV TPB variable Subjective Norm, 
indirectly measured 

PBCi Ordinal IV TPB variable Perceived Behavioral 
Control, indirectly measured 

Years Interval IV Demographic variable of number of 
years teaching science 

Demo 1 Categorical IV Demographic variable of urban, 
suburban, or rural school 

Demo 2 Categorical IV Demographic variable of public, 
private, or charter school 

Grades Categorical IV Demographic variable of grade 
levels taught 

NGSS-F2F-
knowledge 

Interval IV Demographic variable of the amount 
knowledge and comfort level 
with NGSS prior to COVID-19 

NGSS-PD-pre Interval IV Demographic variable of the amount 
of NGSS specific hours of PD 
received prior to COVID-20 

DL-PD-pre Interval IV Demographic variable of the amount 
of DL specific hours of PD 
received prior to COVID-19 
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Table 3.2. Continued 
NGSS-PD-post Interval IV Demographic variable of the amount 

of NGSS specific hours of PD 
received after COVID-20 

NGSS-DL-PD-
post 

Interval IV Demographic variable of the amount 
of NGSS via DL PD hours 
received after COVID-19 

DL-PD-post Interval IV Demographic variable of the amount 
of DL specific hours of PD 
received after COVID-19 

    

 

Qualitative Research Approach 

Semi-structured interviews, allowing for a collection of more in-depth 

understanding of teachers’ intentions, were conducted after the survey data analysis and 

subsequent IRB approval, with a subset of the quantitative participants. The interview 

questions were based on the constructs of the TPB, evidence of NGSS implementation, 

best practices in DL, and were developed to investigate how and why teachers pursue PD, 

and how they augmented their C&I practice continuing NGSS implementation via DL 

modalities. Interview questions included items like: “How did the shift to DL modality, 

resources and what you were asked to do affect your ability to continue 3D instructional 

practices?” and “How did this (district NGSS) policy inform your decision on what you 

did in terms of NGSS instructional practices with students during DL?”. Questions were 

developed to elicit teachers’ thoughts, feelings, and explanations about 3D instruction 

while in DL modalities.  

Interviews of participants that indicated willingness on the surveys were 

conducted in June of 2021 to gain an explanation of how teachers augmented their C&I 

practice on NGSS implementation while in DL modalities. The interview protocol 
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appears in Appendix E. The interviews of volunteers (N = 17) from the survey 

respondents were transcribed and then coded using a revised version of the pilot 

codebook (Appendix F), with new codes added via deductive coding looking for 

similarities, differences, frequencies, and trends in the data. The data was then analyzed 

to look for explanations and understanding of teachers’ intentions and plans to augment 

their C&I practice while continuing NGSS implementation via DL modalities. Figure 3.5 

shows the timeline of the study, with data collection and analysis noted.  

Figure 3.5 Components of Study Timeline 

 

Trustworthiness 

Trustworthiness describes the quality of qualitative research by determining 

whether the findings can be trusted or not, like the internal and external validity of 

quantitative research (Korstjens & Moser, 2018, p. 121). Denzin and Lincoln (2018) also 

use the term ‘authenticity’ to describe the quality of research. This was important in that 

this study was not experimental or using controlled participants and situations but was 

more open to the why and how people were planning to change their behavior because of 

a novel situation. Therefore, trustworthiness was defined by the criteria of credibility, 
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transferability, dependability and confirmability, and the methods to which this study 

adhered to ensure trustworthiness are described below. 

Credibility, Validity, and Reliability 

Credibility is described as the confidence in the truth of the findings representing 

plausible information and a correct interpretation (Korstjens & Moser, 2018). Credibility 

was ensured using extant theory (TPB). The use of statistical analysis of the constructs of 

the TPB with the survey data enhanced the credibility of the data collected. Validity is the 

assessment of the accuracy of the information collected (Creswell & Plano-Clark, 2018). 

Reliability is described as the dependability and consistency of the data found (Zohrabi, 

2013). Validity and reliability were ensured by explicitly explaining the process of the 

research and rationale of the study to the participants, member-checking with the 

interview data, the use of an interrater, and the use of peer expert reviews of the results. 

Transferability  

Transferability is described as the applicability of the results to other contexts or 

with other respondents (Korstjens & Moser, 2018). As the COVID-19 pandemic 

continued into the 2020-2021 school year, science teachers across the USA continued 

working to transfer their science instruction to DL modalities (Sutton, 2020). This study 

of NGSS implementing secondary teachers in California provided a sampling of the 

intentions of science teachers in continuing NGSS via DL modalities. In addition, the 

larger sample size of the quantitative survey augmented transferability. 

Dependability and Confirmability 

Dependability is the consistency of the data over time, such that the data supports 

the interpretations and recommendations of the study (Korstjens & Moser, 2018). 
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Confirmability is retaining neutrality, in the extent that others would confirm the findings 

based on the methods and data collected (Korstjens & Moser, 2018). Dependability and 

confirmability were ensured by reporting the results based on the data analysis, not on 

personal experience, and by conducting inter-rater reliability. The combination of both 

qualitative and quantitative data sets helps to ensure objectivity in the study. 

Convergent Mixed Methods Research Approach 

The survey data and interview results were then combined into a side-by-side 

joint table to display the TPB results of the survey and categories and themes from the 

interview data. A third column was added that outlined how the qualitative themes helped 

explain the quantitative results (Creswell, 2015). Interpretation of the joint table using 

both personal and interview data was done to develop a deeper understanding of 

secondary science teachers’ intent to continue NGSS implementation via DL modalities. 

The integrated data were then analyzed to determine answers to the how, what, and why 

posed by the research questions.  

Limitations 

This study was limited to California secondary science teachers that were already 

implementing NGSS prior to the pandemic, therefore limiting the number of participants. 

The study was also limited in that a majority of the respondents were from suburban and 

urban areas of California, and only included four rural teacher voices. While the majority 

of the state population is represented in these urban and suburban areas, the majority of 

CA’s geographic area is rural, and teachers in the remote areas are not fully represented 

in the sample. The participants in the study may not be reflective of all teachers 

implementing NGSS in the state. As a result of utilizing a self-selecting sampling 
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method, it is uncertain whether the participants reflect a representative sampling of 

teachers intending to implement NGSS via DL modalities. Second, there was the 

possibility of participant drop-out or opt-out from the study, potentially limiting the 

sample and reducing the representative sample. A theoretical limitation is that intentions 

predict, but do not equate to behavior. Disruptive or unforeseen events may affect a 

person’s intent to do the planned behavior (Ajzen, 1985, 1991). The interview questions 

based on the TPB helped to better align the data collected to enhance the practice power 

of the theory. Although the questions were specific to teaching NGSS via DL modalities, 

some aspects of teachers’ beliefs may not be fully captured, potentially contributing to 

variance in what the teachers implement. Data was collected and analyzed based upon 

what teachers are saying, and not verified by other direct measures (e.g., observations and 

test scores). Additional limitations of the method were the need for extended time to 

complete, as survey data was difficult to collect, and the qualitative phase was dependent 

on the quantitative data, so the qualitative data collection details were difficult to specify 

in advance. In addition, selecting participants (who to survey and interview) and why, 

was proven difficult with this methodology. To counter these limitations, the quantitative 

survey was distributed widely across the state to elicit responses, and the qualitative 

interviews were conducted with a subset of the survey respondents. Finally, this study 

was bound by the TPB and was generalized to theoretical principles instead of 

populations. 

Delimitations 

The delimitations of the study include that the study was limited to voluntary 

participants that were California secondary science teachers. It was assumed that 
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participants were already implementing NGSS to some extent prior to the pandemic 

closures and had some experience with 3D instructional practices in a F2F environment. 

The study focused on these teachers rather than those who have not shown evidence of 

implementing NGSS. Elementary teachers were not included in the study, as the focus in 

elementary schools during the pandemic was on ELA and math. In addition, this study 

was bounded by time, specifically the time from beginning with California school 

closures of F2F instruction on March 13, 2020, and extended through the 2020-2021 

school year, as California continued closure of F2F instruction, and continuance of DL 

modalities throughout most of the 2020-2021 school year, with gradual movement toward 

hybrid learning beginning in late March 2021. Parents, students, administrators, and 

teachers of subjects other than science were not considered as part of the study. 

Context of the Participants  

To determine teachers’ intent to continue NGSS instruction via DL, the researcher 

analyzed a sample of Facebook posts from CST groups as a pilot, to look for evidence of 

PBI to continue NGSS instructional practices. The full study included posting on a 

variety of social media NGSS groups and emails requesting that teachers complete a 

survey, detailed in Appendix C, to ascertain AB, SN and PBC about NGSS and teaching 

via DL modalities, and items about how teachers planned to augment their C&I practice, 

with an additional item requesting volunteers to be interviewed to add depth and detail to 

teachers’ intentions. The interview protocol included items designed to elicit a deeper 

understanding of teachers BI and plans to augment their C&I practice. 

Participants for this study were California secondary science teachers that were 

actively implementing NGSS prior to March 2020. The pilot study involved all four CST 
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groups moderated by CASE; however, the full study was limited to only secondary 

science teachers in California. Elementary teachers were excluded due to their emphasis 

on ELA and math standards prior to and during the pandemic. The participants were 

primarily from suburban and urban schools, with only four rural teachers represented. 

Curricular materials aligned to NGSS had just been adopted for K-8 in late 2018, so 

many schools were barely beginning the process of vetting and piloting materials for 

adoption.  Middle school teachers reported that these materials were not well aligned to 

NGSS based on a state-wide survey (Grace et al., 2021). As high school materials are not 

adopted by the state, these materials were not yet available in 2019. NGSS implementing 

secondary teachers had been either modifying or creating their own materials to align 

with the intent of NGSS as they waited for aligned instructional materials.  

Middle Grades Science Teachers 

The middle school CST group focused on science teachers of grades 6-8, with a 

membership of 1,500 as of February 12, 2022, the largest of the four CST groups. 

Approximately 17% of the current members joined within the first six months of 2020, 

with most of the membership having been involved in the group for a year or more. 

Middle school teachers do not have the added stress of fulfilling graduation requirements, 

and this age group have different needs than younger or older students. As California had 

chosen a ‘preferred integrated model’ (described on p. 9), this group of teachers often 

discussed, prior to school closures, how to integrate earth, life, and physical sciences for 

each grade in this band, and solicited advice on lessons and materials they created, 

indicating an intent to increase their PBC for integrating scientific content. The group 

also posted about the materials, curriculum, instruction, and pedagogy for implementing 
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NGSS, indicating that for these teachers there was an expectation that they would be 

implementing NGSS, even though there was no funding nor accountability by the state. 

In addition, there were discussions about the California assessment in this group once the 

CAST was being piloted, and for the first live test delivered in spring of 2019, as grade 

eight is one of the three grades tested with the California state science assessment that 

covers science content grades 6-8. Further, this CST also posed questions about types of 

simulations to use in the classroom, as well as discussions about increasing equity and 

diversity, key aspects of NGSS, within science teaching and learning. This showed a 

positive attitude towards continuing these practices moving into the fall of 2020. The 

posts demonstrated middle school educator’s intent to continue 3D instruction via DL 

modalities, but it was not known the extent of the direct constructs of AB, SN, and PBC. 

Pierce (2018) had previously investigated how the TPB affected high school chemistry 

teachers’ intent to implement NGSS in Iowa and found that BI was primarily influenced 

by SN and AB toward NGSS and weakly influenced by PBC. Investigating the TPB for 

California middle school science teachers was an application of the theory with a less 

specific population facing different instructional factors. 

High School Science Teachers 

 The CST group for high school science teachers is focused on grades 9-12 and 

consisted of 739 members, as of February 12, 2022. There were many new requests for 

membership pending moderator approval after the move to DL modalities in March 2020. 

However, most of the members in this group had participated for more than a year. In 

addition to the posts described in the middle school CST group, this group of teachers 

had additional concerns, such as university admission expectations, advanced placement 
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course expectations, and graduation requirements that middle school teachers do not 

have. There were several potential course sequences for high school science (described 

previously on p. 9). One of the more common models adopted by districts was the 3-

course model, involved integrating earth sciences within the biology, the chemistry and 

the physics courses. The addition of earth science into the courses of biology, chemistry 

and physics was difficult for teachers who were specialists in their content area and may 

not have had deep understanding of earth science content. This added to the complexities 

of 3D teaching and learning and was frequently discussed in the high school CST. The 

top, pinned post in this group was a poll asking which model high schools have chosen, 

providing the data mentioned earlier about the 3-course model being the most common 

choice. As a result of needing to incorporate earth sciences into their classes, and align to 

3D instructional practices, high school teachers that were intent on implementing were 

spending their course PLC time or their own time developing NGSS aligned materials. 

They often posted lessons, as in the middle school group, for feedback and to solicit ideas 

for how to incorporate earth science content. After the school closures, and throughout 

the 2020-2021 school year, the group posted more about how to make sure students had 

the content and skills background necessary to succeed in college, posted about equity 

and diversity issues, and how to make sure all students had access to high quality science 

instruction, indicating the intent to continue NGSS implementation via DL modalities. 

However, this did not describe the extent of the direct constructs of AB, SN, and PBC. 

Data Collection  

Survey distribution yielded 233 total respondents or 5% of the total population of 

California secondary science teachers. After cleaning the data and removing data that did 



Texas Tech University, Heather Wygant, May 2022 

88 

not meet the secondary California Science teacher selection criteria, a total of 151 

surveys with 100% completion were used for the analysis (for a response rate of 65%). A 

demographic analysis, discussed earlier, indicates the location of participating teachers 

illustrated in Figure 3.5. The cluster of study participants is consistent with the population 

distribution in the state. There was a scatter of participants outside these two major 

metropolis areas, as shown in Figure 3.6, which indicates with a red dot the location of all 

participants as well as highlighting the two clusters. The map was generated using the 

latitude and longitude data provided by the survey and was created using a base 

topographic map of the United States in ArcGIS online software (ESRI, 2021). 
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Figure 3.6 Map of Survey Respondent Locations in California. 

  

Following the survey data collection and analysis, interview questions were 

developed (Appendix E), and a subset (N = 17) of survey participants (a 7% response rate 

from the survey) that volunteered via the survey were interviewed to examine the 

constructs of the TPB to determine intent towards implementing NGSS via DL 

modalities. Follow up interviews with a subset of survey respondents were conducted to 

elicit detail and explanation for the constructs of TPB as related to NGSS via DL, and 

how teachers planned to augment their C&I practice. Data collection retroactively 

covered the time span of March 13, 2020, and throughout the 2020-2021 school year to 

capture teachers' perspectives both during the initial school closures and emergency shift 
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to DL modalities, as well as capture what teachers intended to do into the 2020-2021 

school year. Table 3.3 outlines the concurrent data collection, the evidence collected by 

each, and method of analysis. 

Table 3.3 Data Sources, Types, and Evidence Collected 
Data Source Data Typea Evidence 
Electronic discussion board 

posts (pilot) 
Document Screenshots of posts within 

each CST group-pilot 
study-Coded using 
codebook. 

Behavioral intent 
questionnaire 

Structured survey Structured survey (Binomial 
logistic regression 
analysis). 

Interviews Semi-structured 
interview 

Convenience sampling from 
survey respondents to add 
detail and explanation to 
other data. Coded using 
revised codebook. 

 
Note. Sources are listed in order of their collection. aData type 

designation from "Collecting Case Study Evidence: The Principles You Should 
Follow in Working with Six Sources of Evidence," by R. Yin, 2018, Case Study 
Research and Applications Design and Methods, p. 111-162. 

 

Behavioral Intent Survey  

Survey items were adapted from Pierce’s (2018) NGSS behavioral intent survey 

to investigate the TPB direct constructs of AB, SN, and PBC, the indirect measures (oe, 

bb, nb, mc, cb, and cp) for implementing the NGSS via DL modalities as shown in 

Appendix C. Three items were determined not reliable in the Pierce survey, so when 

adapting Pierce’s TPB survey those three items were replaced with similar items from the 

Dunn et al. (2018) survey. This was done to retain at least three items for each of the 

direct constructs of the TPB, as including at least three items for each construct was 

recommended by Ajzen (1991) and Francis et al. (2004). The indirect construct items 
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were adapted from the Pierce and Dunn et al. surveys to focus on NGSS implementation 

and science in general (instead of chemistry-specific). At least five items for each indirect 

construct were included, as including more than three items “almost certainly improve[s] 

the validity of the study” (Francis et al., 2004, p. 26). Some items from the Pierce survey 

were not included as they did not focus on NGSS specific criteria. Authors from these 

two studies were emailed to obtain permissions to use adapted versions of their 

instruments in this study. After the needed adaptations were made to the survey, the draft 

was sent to six NGSS content experts consisting of three science TOSAs, two science 

coordinators and a secondary administrator, to ensure the clarity of items, the time to take 

the survey, and the trustworthiness of the survey instrument. Their combined feedback 

prompted several changes to the draft survey. For instance, the item “How many years 

have you been teaching science (more than 50% of your instructional assignment)?” had 

overlapping values, so the choices were modified from 5 to 10, then 10 to 15 to be unique 

ranges of 6 to 10, then 11 to 15, to ensure clarity for the reader. Additionally, it was 

unclear to readers if some items were referring to within distance learning only or 

including learning done F2F. These items were modified to specify distance learning 

only, distance and F2F, or F2F only. The draft survey was not consistent in the sequence 

of the Likert scale choices, in that very likely to very unlikely would read occasionally left 

to right, and later be reversed on questions. This was adjusted per reviewer feedback so 

that all Likert sequences were presented with same emphasis, from left to right. For 

example, very unlikely, strongly disagree, and extremely undesirable would be on the 

left, and their inverse would be on the right. Finally, reviewer feedback indicated the 
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duplication of one item, and the realization that one item was left out. The duplicate item 

was replaced with the item initially left out of the draft survey.  

Each item, except for demographic questions, used a semantic differential and a 

seven-point rating scale, with at least three items for each direct and indirect construct, 

with one equating to the least positive value, and seven to the most positive value, and 

four as neutral. The final item in the survey was an optional free response that allowed 

volunteers to opt into a follow up interview. Each item is labeled with the construct 

measured, the Likert scale, and the point value for the scale. In addition, demographic 

information such as number of years teaching, grade level assignment, urban, suburban, 

rural, public, private or charter school, the amount of PD hours received on NGSS, the 

number of hours of PD received on DL modalities, and participants comfort level with 

NGSS instructional practices prior to DL were collected, as belief structures were 

anticipated to differ between various teacher populations as noted in research done by 

Crawley (1988) and DeSouza (1994). 

Interviews 

Follow-up interviews with volunteers from the survey (N = 17) were conducted 

with open-ended, semi-structured questions based on the recommendations for qualitative 

interviews per Creswell and Creswell (2018). The interview prompts shown in Appendix 

E were developed from the TPB constructs, best practices for NGSS and DL instructional 

practices, and were intended to elicit depth of understanding, explanation and 

clarification of how teachers continued NGSS implementation, and how they augmented 
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their C&I practice, and to ascertain what these teachers thought was still needed to 

continue NGSS instruction via DL modalities.  

After IRB approval, shown in Appendix D, interviews were conducted via Zoom, 

audio recorded, then transcribed via Temi (2020), an audio to text transcription service. 

Transcriptions were stored on a password-protected computer, and audio recordings were 

deleted after transcription was completed. Participants were volunteers, and all personal 

identifiers were replaced with pseudonyms. Transcribed interviews were analyzed using a 

revised version of the codebook developed in the Facebook pilot analysis and checked 

with inter-rater reliability (IRR) as described on p. 64. The final codebook used for the 

interview data appears in Appendix F.  

Interviews were conducted with 17 teachers that volunteered in the survey for 

follow-up interviews, with eight high school and nine middle school teachers 

participating. One participant taught at a private school, one at a charter school, and the 

rest were public school teachers. One of the teachers was an EII grant participating 

school and was the only one with an explicit policy to teach NGSS. The others stated that 

they had no specific district policy, other than the state standards requiring NGSS. Eight 

participants were from southern counties and nine were from northern counties, none 

were from rural areas. All but one of the interview participants were women. All the 

participants expressed that they were very familiar with NGSS practices and actively 

teaching NGSS prior to the pandemic, having teaching experience from five years to over 

20 years.  

Survey Data Analysis 



Texas Tech University, Heather Wygant, May 2022 

94 

The survey (N = 151) was analyzed using Ajzens equations as noted on p. 57 

using methods that parallel those done by Pierce (2018), as this study used an adaptation 

of her survey for a wider population (Grade 6-12 teachers instead of high school 

chemistry teachers) and in a different context (California instead of Iowa, and via DL 

modalities instead of F2F). Initially, construct scores were calculated to determine if the 

participants held positive, neutral, or negative beliefs about NGSS implementation, in 

addition to also calculating the salient belief scores for each respondent using the TPB 

equations on p. 59-60 (bb X oe = ABi, nb X mc = SNi, and cb X cp = PBCi). These data 

were analyzed for distribution characteristics using the medians for each direct and 

indirect construct of the TPB. A positive BI (PBI) was indicated if the score was between 

4.5 – 7, with the null hypothesis that BI <PBI. The cutoff value was determined based on 

the value 4 being neutral, and that values greater than 4 indicated PBI. 

BLR analysis was done for PBI to determine which factors were the most 

influential in predicting teachers’ intentions to continue 3D instructional practices via DL 

modalities. The assumptions for BLR were defined by Laerd statistics (2017) as 1) one 

dichotomous dependent variable (DV), 2) one or more independent variables (IV) that are 

continuous or nominal, 3) independence of observations and categories of both the DV 

and all IVs should be mutually exclusive and exhaustive, 4) minimum of 15 in the 

sample, 5) a linear relationship between the IVs and the logit transformation of the DV, 

6) no multicollinearity, and 7) no significant outliers, high leverage points or highly 

influential points. BLR was chosen after the multiple linear regression analysis (MLRA) 

assumption of homoscedasticity failed, and the variable BI was converted into a 
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dichotomous variables described in table 3.1. BLR is a similarly predictive mathematical 

model to MLRA, except that in BLR we know the y-intercept.  BLR then is able to 

predict the amount of change per one unit change in the DVs, and thus evaluate the 

significance of each DV on the IV (Kalan et al., 2020). MLRA was successfully used 

with the TPB to predict teachers’ intentions and behaviors (Crawley, 1989; Desouza & 

Czerniak, 2003; Haney et al., 1996; Lee et al., 2010; Lumpe et al., 1998; MacFarlane & 

Woolfson, 2013; Milner et al., 2012; Pierce, 2018). In each of these studies using TPB, 

MLRA was chosen due to its ability to predict BI by testing the significance of Ajzens 

equations by determining the interactions and relative contributions of AB, SN and PBC, 

and the underlying salient beliefs. However, MLRA consists of evaluating one 

continuous dependent variable, in this instance BI, with two or more predictor variables 

(Haney et al., 1996; Lumpe et al., 1998; Pierce, 2018). In the studies that used MLRA to 

predict BI, sample sizes ranged from N = 50 (Crawley, 1989) to N = 420 (Haney et al., 

1996). As the MLRA assumption of homoscedasticity was violated in this study, BLR 

was indicated as a comparable option to MLRA but instead using a dichotomous DV, 

without the homoscedasticity assumption. The DV of BI was split into the dichotomous 

values of positive intent (PBI; values of 4.5-7), as compared with the null hypothesis 

being no intent as determined by values ≤ 4.5. 

Validity and Reliability  

Validity can be inferred for the TPB survey because the salient beliefs were 

constructed from the TPB, the NGSS and the Framework, as well as tested by Pierce’s 

study (2018). Pierce determined the instrument validity by “conducting an elicitation 
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study to develop the measures for the questionnaire” (p. 34) and including at least three 

items for each of the direct constructs and indirect constructs of the TPB as recommended 

by Ajzen (1991) and Francis et al. (2004). For Pierce’s primary study, 238 high school 

chemistry teacher participants from Iowa returned a completed survey. From this, Pierce 

(2018) found that the “construct validity was evident by the significant correlations 

between the direct and indirect measures of the three constructs.” Using “simple bivariate 

(Pearson’s) correlations found that AB direct (ABd) and AB indirect (ABi) = 0.532, p < 

0.01; SNd and SNi = 0.655, p < 0.01; PBCd and PBCi = 0.293, p < 0.01” (p. 34). For the 

Dunn et al. items, with 153 K-12 mathematics teacher participants from California, 

confirmatory factor analysis was used to determine a “reasonably good fit between the 

model and the data (x2 /df = 2.37; NFI = 0.90; RMSEA = 0.09; GFI = 0.90)” (2018, p. 

291). In addition, construct validity may be inferred based on the relationship between 

the direct measures of the TPB constructs with behavioral intention. Finally, validity and 

reliability were assessed using peer expert review with two California NGSS experts, one 

of whom served as the interrater, the other holding a PhD in Science Education. 

Reliability for the items in Pierce’s (2018) study was established by using 

Cronbach alpha to determine if the items measured the same constructs obtaining values 

of BI = 0.855; AB = 0.938; SN = 0.768; and PBC = 0.593. Due to the low reliability in 

PBC, three items in the survey, two related to this construct, and one item from SN, were 

notably also deleted from Pierce’s study due to the item’s low reliability score. Therefore, 

for this study, three direct construct items were adapted and added from Dunn et al. 

(2018) to replace the three items omitted from the Pierce study due to unreliability (one 
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for SN, two for PBC). The three items included from Dunn et al. (2018) were established 

as reliable using Cronbach’s alpha, with all constructs showing a value of 0.7 or greater.  

Interview Data Analysis 

 Interviews (N = 17) were conducted via Zoom, with notes being taken during the 

interviews, audio recorded, initially transcribed using Temi, a transcription service, then 

revised. Once transcripts were corrected, the transcripts and notes were compared and 

combined. New codes were created and added to the pilot codebook using deductive 

coding to add to the a priori codes developed for the pilot. The new codes were 

developed based on the content of the research questions: augmenting C&I practices, 

attitudes, pressures, and self-efficacy of teaching 3D NGSS while in DL modalities. 

Appendix F shows the completed codebook for the interviews, and Appendix G provides 

the demographics and pseudonyms for the participants. The interviews were then coded 

using the completed codebook. IRR was conducted with two independent coders, then 

compared, to ensure the validity of the codes. Once coding was complete, the data were 

analyzed for similarities, differences, frequency of occurrence, and categories to attempt 

to explain teachers’ attitudes, perceived pressures, and perceptions of 3D instruction via 

DL modalities, as well as how they planned to augment their C&I practice, including 

what tools, training and instructional strategies worked best to continue NGSS via DL 

instruction.  

Inter-rater Reliability 

In a process analogous to that used in the pilot data coding described previously, 

the interview transcripts were coded by two raters to ensure the clarity of codes. Each 
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rater coded two interviews individually then met together to compare their coding for 

each to reach an inter-rater agreement (IRA) of 100% as defined by Tinsley and Weiss 

(1975). IRA was 95% for the two transcripts, with the one difference in reference to the 

autonomy in the classroom. With discussion this code was revised to express a significant 

level of autonomy in the classroom, instead trying to quantify a feeling. A third transcript 

was coded to test the new code, with IRA reaching 100% after this modification to the 

codebook. 

Mixed Methods Integration 

For the mixed methods integration and analysis, a statistics themed joint display 

(Creswell & Plano-Clark, 2018) was created to analyze the connections and patterns 

between the survey and interview data. Interpretation of the joint table using explanatory 

analysis with both personal and interview data was done to develop a deeper 

understanding of secondary science teachers’ intent to continue NGSS implementation 

via DL modalities. The integrated data were then analyzed to determine answers to the 

how, what, and why posed by the research questions. By connecting the predictors from 

the TPB from the survey analysis to the interview categories in this joint table allowed 

for interpretation of the explanation for the TPB predictors, as well as generating some 

additional questions for future investigations. 
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CHAPTER IV 

RESULTS 

To answer the question of “Given little PD for online instruction methods, what 

were California secondary science teachers’ intent to continue implementing the NGSS 

3D instructional practices via DL modalities during the F2F school closures March 2020 

through spring 2021, as modeled by Ajzens (1985, 1991) Theory of Planned Behavior?” 

a quantitative survey was distributed and analyzed, then qualitative follow up interviews 

were conducted to explain and add depth to the findings. The specifics of this convergent 

mixed methods research are delineated in this chapter, beginning with the quantitative 

results. 

Quantitative Results 

The 56-item behavioral intent survey link (Appendix C) was distributed via social 

media outlets such as Facebook NGSS groups, Twitter, and Instagram, with a total of 233 

respondents to address the primary research question. Cleaning the data to eliminate data 

from participants that did not meet the selection criteria yielded 151 completed surveys. 

For the variable Demo2, 129 teachers were from public schools, four from private 

schools, and 18 from publicly funded charter schools. The survey item asking about the 

grade bands taught (i.e., Grades) showed that 84 high school teachers, 64 middle school 

and two teachers that taught grades 6-12 participated. From the demographics (i.e., 

Demo1), most of the respondents, (n = 94) were from suburban residential areas within 

commuting distance to a large city or urban area, with 45 from urban areas and only eight 

from rural small settlements or towns with a low population density. Most teachers had 
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more than three years’ experience teaching science with only four having less than two 

years’ experience, and with 16 to 20 years (n = 22), three to five years (n = 24), 11 to 15 

and greater than 20 years (n = 31 each), and six to ten years (n = 33). Of these, 149 

teachers stated they were moderately to extremely knowledgeable about NGSS (NGSS-

F2F-knowledge), with three having only slight knowledge of NGSS prior to the 

pandemic. Half of the respondents experienced at least five hours of NGSS PD, with 26 

having over 10 hours of NGSS PD prior to the pandemic (NGSS-PD-pre). Eighteen 

respondents had no PD in DL modalities (DL-PD-post) once the pandemic began, 

however, 92 reported that they received five or more hours of DL specific PD since 

March 2020. Following this demographic analysis, statistical analysis of the TPB 

predictors and NGSS variables was calculated.  

BLR was run to ascertain the effects of the TPB indirect variables of ABi, SNi, 

and PBCi, the direct variables of ABd, SNd, and PBCd, and the demographic variables of 

years’ experience, Demo1, Demo2, grades taught, NGSS knowledge pre-pandemic, 

NGSS PD received, DL PD received pre-pandemic, NGSS PD, NGSS DL PD, and DL 

PD post-pandemic on the likelihood of positive behavioral intent (PBI, values of 4.5-7) 

that participants would continue NGSS 3D instructional practices while in DL modalities. 

When analyzed with BLR, the PBI showed no statistically significant predictors. The 

complete results of the BLR can be found in Table 4.1. Using this information, the 

interview protocol was developed to find out more about how teachers augmented their 

C&I practice and the details of how they continued NGSS implementation via DL, with 

the qualitative findings are described in the following section. 
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Table 4.1 Binary Logistic Regression of independent variable effects on PBI that 
California secondary science teachers would continue implementing NGSS 3D 
instructional practices while in DL.  

  B SE Wald df p 
Odds 
Ratio 

95% CI for Odds 
Ratio 

              Lower Upper 
Years -1.867 2.170 0.740 1 0.390 0.155 0.002 10.874 
Demo 1 0.564 1.177 0.230 1 0.632 1.757 0.175 17.649 
Demo 2 -1.019 0.987 1.067 1 0.302 0.361 0.052 2.497 
Grades 2.157 1.784 1.462 1 0.227 8.643 0.262 285.008 
NGSS-F2F-
knowledge 3.628 4.415 0.675 1 0.441 37.628 0.007 215614.167 
NGSS-PD-pre -1.639 1.528 1.150 1 0.284 0.194 0.010 3.883 
DL-PD-pre -0.038 0.085 0.198 1 0.656 0.963 0.816 1.137 
NGSS-PD-
post 0.022 0.077 0.081 1 0.776 1.022 0.878 1.190 
NGSS-DL-
PD-post 0.012 0.145 0.007 1 0.932 1.012 0.763 1.344 
DL-PD-post -0.182 0.070 3.931 1 0.347 1.321 0.320 0.998 
ABD 1.184 0.781 2.297 1 0.130 3.266 0.707 15.095 
SND 0.211 0.743 0.081 1 0.777 1.235 0.288 5.300 
PBCD .205 0.605 0.115 1 0.734 1.228 0.375 4.023 
ABI 0.097 0.137 0.508 1 0.476 1.102 0.843 1.440 
SNI -0.002 0.140 0.000 1 0.991 0.998 0.758 1.315 
PBCI 0.222 0.170 1.714 1 0.190 1.249 0.895 1.742 
Constant -14.943 4.801 9.687 1 0.002 0.000     

 
Note. BLR = binary logistic regression analysis; PBI = positive behavioral intent of 4.5-7; 
Demo1 = urban, rural, suburban; Demo2 = public, private, charter; Grades = grades 
taught, Years = years of teaching experience; NGSSF2Fknowledge = knowledge of 
NGSS prior to the pandemic; NGSSPDpre = amount of NGSS specific PD received prior 
to the pandemic; DLPDpre = amount of PD relating to DL instructional practices pre-
pandemic; NGSSPDpost = NGSS specific PD post closures; NGSSDLPDpost = NGSS 
via DL PD received post closures; DLPDpost = DL instructional strategies PD received 
post closures. 
 

Qualitative Results 
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 Research sub question (a) asked how teachers (pseudonyms noted in Appendix G) 

augmented their C&I practices while continuing 3D instruction via DL modalities, 

teachers were asked in the interviews to provide examples of how they augmented their 

C&I practice continuing NGSS via DL modalities, probed for content specific tools and 

resources used, and organizations they received PD from. In terms of tools and resources 

used, all 17 of the teachers reported using the Google Workspace (Google, 2021) for 

assignments such as documents, slides, Jamboard and sheets. Twelve teachers reported 

using Jamboard extensively for constructing and revising models and for groups to 

collaborate and construct meaning. Teachers would assign each student a single frame, or 

a full Jamboard, for students to generate models, provide peer feedback, design 

experiments and revise models based on new information. Pear Deck, a digital tool used 

to engage students in responding to content was another teacher favorite with ten teachers 

using it primarily for review and formative assessments. This tool provided teachers the 

ability to see all students’ responses quickly, and thus be able to provide on the spot 

feedback. Teachers reported that students really appreciated the anonymity of their 

responses, and that all students would participate when using Pear Deck. Almost half (n = 

8) of the teachers interviewed reported using some form of an interactive notebook. Some 

used a typical paper notebook but had students photograph pages to submit online, while 

others used completely digital notebooks. A few (n = 3) reported using Hyperdocs with 

the agenda of all learning experiences linked so that students could access all their 

learning experiences from a single document. About half (n = 9) of the teachers 

interviewed used some form of video recording lessons and making recordings available 
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for students on their LMS. Several other technology tools were used by one or two 

teachers, such as Flipgrid, EdPuzzle, Data Nuggets, POGILs, Virtual Biology Lab, 

BrainPop and Kami. Next, results for science specific tools are discussed. 

For content, almost all the teachers (n = 12) utilized Gizmos simulations 

(https://gizmos.explorelearning.com/), with some (n = 5) also incorporating PhET 

simulations (https://phet.colorado.edu/) in their classes to provide a type of interactive 

virtual lab, with teacher generated inquiry questions such as What do you notice? What 

happens when you manipulate this variable? and What do you predict will happen if you 

do X? on the lab handout. Virtual Biology Lab (https://virtualbiologylab.org/) was used 

by two biology teachers for content specific lab experiences with teacher-made handouts 

to probe students for deeper understanding. One teacher described the virtual labs and 

simulations as being much faster to complete than traditional lab experiences because the 

setup and breakdown was removed, but also expressed that their students missed the real 

hands-on lab experiences. All the teachers said they were using some form of either a 

teacher/district created curriculum, or a curriculum that was greatly modified by the 

teachers to make it more student-directed and relevant to their population. A summary of 

tools used by teachers during the pandemic is found in Table 4.4. Following the table is a 

discussion of the results from the PD specific interview question. 
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Table 4.4 Frequencies of Technology Tools Incorporated into DL by Secondary Science 
Teachers 

Technology Tools Used          Frequency of Use 

Google Workspace (docs, slides, etc.) N = 17 (100%) 

Gizmos N = 12 (71%) 

Pear Deck N = 10 (59%) 

Jamboard N = 12 (71%) 

Interactive Notebooks N = 8 (47%) 

Hyperdocs N = 3 (18%) 

PhET N = 5 (29%) 

  

PD received by teachers varied from district provided PD on best practices in a 

virtual environment, to PD that teachers paid for to improve their skills. One teacher 

described many of the NGSS implementers as “serial professional development attenders 

and implementers” in that they take as many opportunities to learn as they can. All the 

teachers (N = 17) pursued PD they felt they needed on their own, including the use of 

social media groups on Twitter, Facebook and even Instagram to enhance their pedagogy, 

content, or DL strategies. Specific teacher groups included those focused on International 

Baccalaureate content, Advanced Placement course specific, NGSS course specific, and 

the CSTs. Of these, the CST groups moderated by CASE were mentioned by all the 

teachers as a significant source for ideas, resources, and support. Many described these 
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social media groups as a ‘type of professional learning community’ utilized frequently. 

One high school teacher, “Jill”, said that “it was good to know that you’re not alone, and 

to have ideas and bounce them off people” about these social media groups. Some 

teachers attended site-based PD on how to adapt curriculum to an online delivery (n 4), 

and two were provided PD on how to use their LMS early in the pandemic. Three 

teachers participated in summer PD funded by their districts that gave their PLCs time to 

revise curriculum for online delivery for the fall of 2020. Two teachers attended a 

Bozeman Science workshop. Two others were active in the Science and the River City 

project and attended PD there. “Cindy” a private high school teacher, attended PD on 

quality online teaching and the Stanford online high school workshops to help her 

transition to DL modalities. A middle school teacher “Ashley” attended a summer 

project-based learning PD, while “Kate” a high school teacher participated in a book 

study on Ambitious Science Teaching. Another middle school teacher “May” participated 

in the Biomimicry Project PD and piloted a unit in her class for the 2020-2021 school 

year. A high school teacher “Jake” went to the AVID conference and said that the 

experience “reminded me that oh, that’s the teaching that I love! And so, it put me back 

in the right mood to get started for this school year”. Following is the discussion about 

teachers’ attitudes toward 3D instruction and DL modalities. 

 To address research sub question b) what teachers’ attitudes toward 3D 

instruction via DL modalities were, all the interview participants expressed a positive 

attitude toward continuing to try their best in implementing 3D instructional practices 

during DL modalities, though they also admitted that it was incredibly difficult to have 
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every lesson be 3D. These teachers tried to balance 3D practices with the technology they 

had and tried to keep students engaged and experiencing science with each focusing on 

different aspects or skills of 3D instructional practices. These teachers all felt strongly 

that NGSS were the state adopted standards, and as such all were committed to NGSS 

implementation prior to and throughout the pandemic. All 17 teachers felt confident in 

their abilities to deliver 3D instruction while F2F, but also felt that they did not meet their 

goals with regards to 3D instruction via DL modalities, stating that they had a lot of room 

for improvement, especially in the realm of student engagement. Next is the discussion to 

address teachers perceived pressures to continue NGSS instructional practices. 

To address research sub question c) what teachers’ perceived pressures were to 

continue 3D instruction via DL modalities, all the teachers felt the pressure based on their 

own expectations to continue providing high quality 3D instruction to their students 

throughout the pandemic. All 17 teachers were working in a course-alike or grade-level 

PLCs, and so were also held accountable to these high standards by those teams. Of the 

respondents, only two had explicit district policies around NGSS implementation, while 

15 had no district or site policy or expectation to implement NGSS. All the teachers 

reflected that there was a need for science to be included as an accountability measure 

equal to ELA and Math by the state to have NGSS implementation be even throughout 

California. The following will discuss teachers’ perceptions of their own self-efficacy in 

3D instructional practices. 

To address research sub question d) what teachers’ perceptions were of being able 

to deliver high quality 3D instruction via DL modalities, all the teachers reported it was 
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very difficult to incorporate as much 3D instruction as they normally would do in F2F. 

Some mentioned that focusing on skills development with the SEPs, whereas others 

focused on explicitly highlighting the CCCs. Many of them expressed that their content 

was greatly reduced as they could not work though their entire scope of content while in 

DL modalities as everything took much longer than in F2F environment. A few teachers 

mentioned that they tried to hit all the content, though not to the depth they would 

normally teach in a F2F classroom. The SEP skills most frequently mentioned were 

developing and using models, asking questions, constructing explanations, planning 

investigations, and analyzing and interpreting data. Breakout rooms and Jamboard were 

used by teachers to have students practice these skills by participating in sensemaking, 

planning investigations, and developing and revising models. “Jodi” a high school 

teacher, used Jamboard in breakout groups for students to plan investigations to 

investigate a phenomenon. “Ashley” a middle school teacher, tried to make CCCs, such 

as noticing patterns, structure and function, and system and system models, explicit as 

she taught. “Cindy” and “Jake” really focused on mathematics and graphing skills, while 

“Beth” focused on claim-evidence-reasoning. “Kate’s” primary focus was on the skill of 

developing and using models. Following is a discussion of the categories that arose from 

the coding of the interviews. 

Qualitative Emergent Categories  

There were ten categories that developed from the participants' coded responses. 

Initial codes were developed using the pilot codebook and expanded as new categories 

emerged from the follow-up interviews. DL specific PD, equity, social emotional 
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learning (SEL) and grace, social justice, student participation, curriculum, varied 

implementation across districts, long workdays, autonomy in the classroom, and finally 

the difference between the use of breakout rooms between middle and high school 

teachers. Each of these categories will be discussed further in the following sections, in 

addition to the benefits of teaching via DL. 

DL specific PD 

Of the 17 teachers interviewed, eight were at sites that told them to ‘make it work’ 

by their administrators when schools initially moved to DL modalities. The other nine 

were given some form of initial PD on how to implement the switch to DL modalities. 

Most of these PD were specific to training teachers how to use the LMS for delivering 

class content or in using tools such as Zoom or Google Meets for online class meetings. 

Two of the teachers were given PD on how to implement high-quality DL instruction. All 

of those who received PD from their districts at the initial shut down felt the PD was 

useful. Of those who were told to figure it out, half of them worked within their already 

established course or grade-alike PLC to develop a plan of action, while the other half 

sought training and tools on their own. One high school teacher “Anna” mentioned that 

her PLC team were “serial PD attenders and implementers” so they sought learning 

experiences and worked together to implement the new practices across their PLC. All 

the interviewed teachers mentioned the CST groups as a valuable informal PLC and a key 

resource for finding tools, online resources, and tips to teaching via DL modalities. As 

the closures continued into the 2020-2021 school year, more districts began offering PD 

on utilizing DL modalities, online tools, and best practices for teaching via DL or hybrid 
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models, as well as PD offerings to better adapt their curriculum for DL modalities. 

“Kate” mentioned that her high school offered paid PD in the summer of 2020 with 

attendance optional but strongly encouraged for teachers to work on curriculum 

modification to DL for the 2020-2021 school year. Several of the teachers described the 

summer PD they sought on their own as integral to their ability to convert their 3D 

instructional practices to a DL modality. All the teachers expressed the difficulty and 

extra time commitment needed to modify or find online tools to continue 3D instruction 

via DL modalities. The second category to be discussed is equity. 

 Equity 

A topic that was mentioned by every teacher interviewed was equity. They all 

expressed a renewed concern about equity in the classroom, at home and in their 

practices. Teachers got a glimpse of what students’ home lives really looked like, with 

many students having multiple people in the same room all trying to participate in online 

learning with parents at home working at the same time. With multiple people working 

from home, internet connectivity issues were apparent as students were frequently 

disconnected or did not have enough bandwidth to turn on their cameras. Teachers 

observed students caring for siblings and being responsible for household chores while 

simultaneously trying to focus on school with younger siblings screaming in the 

background. All of these were noticed when students turned on cameras or unmuted to 

answer a question. Teacher expressed that those glimpses into students’ home lives made 

them really see the inequities within their schools and classrooms. The Framework and 

the NGSS have an explicit focus on making science instruction available to all students, 
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and this glimpse into the lives of students was impactful to teachers’ perspectives. As a 

result of this, teachers had a renewed focus of ensuring that their lessons, grading 

practices and access to the materials were as equitable as possible during DL modalities, 

with an intent to continue to look at their practice through the lens of equity throughout 

their career. “Taylor” mentioned that one aspect that she wanted to focus on moving 

forward was to work on her own personal biases, and work to confront systemic 

inequities in the STEM pipeline.  “Jill” mentioned that she wanted to really look at the 

systemic inequities inherent in the 100-point grading scale, standardized assessments and 

the overall broken education system that propagate inequities. The third category from 

the codes is described next. 

SEL and Grace 

These glimpses into students’ home lives also brought to light that students need 

both SEL and grace, not just during DL modalities, but every day in the classroom. The 

interview participants stated that they and their students were all feeling the stress of 

being isolated at home, and not having the normal routines for school, making the need 

for teaching how to cope with stress, isolation, and depression more apparent. They 

reflected on their traditional policies around late work, incomplete work, and 

engagement, realizing that they were not only inequitable, but caused a huge amount of 

stress for students. Teachers realized that life happens and often interferes with best 

intentions whether in a F2F classroom or via DL modalities. They noticed that the 

students who asked for extensions were working to support the family and caring for 

siblings while also attending school. Social justice issues had been brought into focus in 
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the previous years, and teachers now were seeing these issues in play at students’ homes 

because of DL opening the window into student’s home lives. Students home lives were 

not conducive to getting homework done or for focusing on learning. Many students and 

teachers were also dealing with parents and friends with COVID, some experiencing the 

loss of these family and friends due to COVID. One teacher asked “How do I enforce late 

policies and our outdated grading policies when this is happening at home? It made me 

realize that grace is essential, not just during the pandemic, but always”. Teachers began 

looking for ways to explicitly incorporate SEL and social justice themes into their 

curriculum. “Kate” mentioned that focusing on wellness for herself and her students in 

the classroom helped them make deeper connections and this connection increased 

student engagement. Another high school teacher “Taylor” mentioned wanting more PD 

on “how to weave social justice into science classrooms” where another teacher worked 

to incorporate issues like the Flint water crisis as a case study for her class to investigate. 

“Cindy” summed this up by stating: 

I really learned that the in-person is good for students’ mental health. That there 

were students who would have done much better had they been able to be in a 

normal environment, coming to school every day. The social isolation was very 

wearying on some students... the importance of that personal connection really 

stood out. 

Following is the discussion on the fourth category involving the differences in 

student engagement. 

Student participation and engagement 
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The issues from the themes previously mentioned ended up as a major contributor 

to varied student participation while in DL modalities. Most schools did not require 

students to have their cameras on during synchronous instruction, and students rarely 

unmuted to speak during class, instead responding primarily through the chat box. the 

interviewed teachers mentioned that this lack of visuals and lack of hearing student 

conversations made it difficult for them to assess student engagement and understanding, 

as well as contributing to the feeling of lack of connections with the students and the 

classroom that is experienced in a F2F classroom.  

When F2F, teachers generally are walking around, listening to the students’ 

discussions, and can instantly intervene to provide help or redirection if students get off 

track. With DL instruction, teachers felt they couldn’t monitor student engagement in the 

main room or in the breakout rooms to be able to help when needed. One middle school 

teacher “Alana” mentioned that she was lucky enough to have several Chromebooks that 

she would use for the breakout rooms, with each breakout group open on a different 

Chromebook, allowing her to hear all the breakout rooms at once. This enabled her to 

check in instantly when she noticed students struggling or needing redirection and said it 

“would sound like a (F2F) classroom”. Of the interview participants, all but one middle 

school teacher had more success with breakout groups discussing and collaborating on 

work, whereas all but one high school teacher had breakout rooms where students would 

not talk or collaborate at all. Some of the respondents mentioned that letting students 

choose their groups helped aid collaboration and engagement, and explicit expectations 

helped in other groups. “Lindsey”, a middle school teacher who found breakouts 
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unsuccessful, admitted that the constant expectation that “we would be back F2F in a few 

weeks” made her hesitant to try many new things early on, so that once she tried 

breakouts in January, she had not given students the appropriate training, scaffolding and 

expectations that she would normally do for this type of activity, and she quit using 

breakout rooms. “Taylor”, a high school teacher with successful breakout rooms said that 

she “gave them (students) a clear set of guidelines...a collaborative rubric” to help 

students have a “way for us to be able to talk about what was happening in their groups 

and how to problem-solve some of those things” which is a key aspect of NGSS 

instructional practices. She also mentioned that allowing students to choose their own 

groups was a key factor in her successful breakout rooms. In addition to breakout rooms, 

teachers noted a difference in how students would communicate in the DL environment. 

Teachers reported that students were more willing to communicate in the chat box 

when it was private to the teacher only. Students were more likely to offer ideas and 

responses than they were verbally or in group-wide chat boxes while in DL 

environments. Teachers reported that students mentioned that the anonymity was 

beneficial for them to be able to share their ideas without the fear of judgement or 

criticism from their peers. Several teachers mentioned that the use of current events and 

relevant phenomena, another key to quality 3D instructional practices, greatly helped in 

engaging students. When the students perceived the topics were either locally or 

culturally relevant, they were more engaged and more willing to participate. This mirrors 

the research findings that prompted the Framework and the NGSS development. The fifth 

category to discusses the availability and use of NGSS aligned curriculum. 
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Curriculum 

Of all the teachers interviewed, only two middle school teachers, “Alana” and 

“Lindsey”, had a district-adopted curriculum that were used in DL modalities. Lindsey 

was from an EII district that developed NGSS-aligned curriculum during the grant and 

were expected to continue using these materials.  Alana’s’ school had adopted materials, 

but she felt they were not NGSS aligned, nor high quality, so continued to use her own 

developed materials instead. Everyone else reported either using curriculum they 

developed on their own or were using a course team developed curriculum that had not 

been adopted by their districts, high school teachers all were using their own site or 

personally developed materials. Some of these teachers created curricula using an older 

textbook or the storyline from established curriculum as a baseline then added in their 

own modified or created activities to make them meet the 3D nature of NGSS. All the 

teachers reported that their curriculum needed to be heavily adapted for DL modalities, 

and that they had to do all modifications themselves or in course-alike PLCs if available. 

“Kerry”, a high school teacher with a course-alike PLC was provided paid time by their 

district over the summer of 2020 to decide together the scope of their course they felt 

they could accomplish, what would be cut, and what could be modified to do via DL 

modalities for the 2020-2021 school year. However, teachers reported that they did most 

of the modifications on their own time. 

Long workdays 

Teachers all expressed how difficult it was to teach via DL modalities, primarily 

due to the long workdays. They reported working 14 to16-hour days most days, even on 
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weekends, developing and modifying activities, looking for resources and tools, and 

answering student emails. They stated that their work-life balance was non-existent 

during DL and even into hybrid teaching. Working in “survival mode” was mentioned by 

most of the participants, as was not having “the bandwidth to create new” activities and 

lessons. “May” said it best, “that it (DL) was just an exhausting experience”. 

Varied implementation 

All but two teachers interviewed indicated that implementation of NGSS varied 

across their district or site. “Kate”, who works at a public charter high school, said that 

even though their administration said that they did not have to follow the state standards, 

the science teachers all felt that NGSS defined the path they should follow. Since they 

had strong PLCs that worked together to create their NGSS aligned curriculum, they also 

worked together to convert it for DL modalities. “Lindsey”, who was at one of the EII 

grant districts, stated that they had an expectation set at the district level that they would 

implement NGSS prior to the pandemic. The teachers in this district had worked for 

several years, creating, testing, and modifying NGSS-aligned curriculum, and were 

expected to continue using their grant-developed, district-adopted curriculum when they 

moved to DL modalities. Most of the other teachers reported that maybe one course-like 

team was fully implementing NGSS, while other teams were ignoring it completely, or 

that one teacher was implementing, but the rest of the science department was not. “Ellie” 

and “Maya”, middle school, and high school teachers respectively, both stated that as the 

NGSS were the state adopted standards, they were going to teach it, regardless of what 

the rest of their department did. “Jake” reported that a few years ago he moved to a new 
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district that was not implementing NGSS, so he asked the new site “why are we not doing 

any work on NGSS”? Their superintendent happened to be at that meeting, and so made 

NGSS a priority for future years, allocating money for PD and a TOSA to help the 

science teachers implement prior to the pandemic. This highlights again the disparities 

between schools and districts in NGSS implementation. Many teachers expressed that 

there was a huge disconnect between the NGSS expectations and their administrators’ 

expectations. Some of this was attributed to administrators not understanding what NGSS 

should look like, and some was attributed to lack of accountability measures from the 

state. One teacher reported that her administrator wanted her to lecture more and do less 

of the active learning she was doing in her classroom, showing the administrators lack of 

understanding of NGSS practices. The teachers all indicated that science would need to 

be added to the California School Dashboard, a site that provides information on school, 

district, and state level accountability measures (https://www.caschooldashboard.org/), 

before NGSS implementation would be even throughout the state. This accountability to 

the state and administrators is an important factor in educational reform implementation 

and was highlighted by two other recent studies by Disckenstein-Staub and Parker, 2021, 

and by Grace et al., 2021. The next category for discussion concerns teachers’ 

perceptions of autonomy in the classroom. 

Autonomy 

The interviewed group all expressed that they had a great deal of autonomy in the 

classrooms as to how they taught. A few had some limitations, such as course-alike teams 

using common assessments and common scope and sequence, but they all felt like they 
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had the freedom to teach in their own style, and not be exactly like another teacher. This 

autonomy to experiment and try new practices was found to be important for teachers to 

learn and practice the 3D instructional practices required by NGSS, and to understand 

how students might struggle with these practices (NRC, 2012; Pruitt, 2014; Southerland 

et al., 2011) Teachers expressed a positive attitude toward NGSS, stating that they 

believed the active learning required by 3D practices were best for students to learn 

science. Conversely, these teachers all expressed a negative attitude toward DL and 

hybrid modalities, describing them as exhausting and not meeting the needs of many of 

their students. However, they still worked hard to give students the best 3D instruction 

possible via DL. 

Differences between grade bands with breakout rooms 

The differences between the success of breakout rooms were surprisingly 

different between middle and high school teachers. Most middle school teachers had 

success with breakout rooms, while most high school teachers were unsuccessful with 

these. Of those interviewed, only one teacher from middle school was unsuccessful, and 

one high school teacher was successful with implementing breakout rooms. The next 

section describes the integration and interpretation of the quantitative and qualitative 

data. 

Benefits gained from DL modalities 

 The interviews provided some insight into teachers’ growth in their C&I practice. 

For example, all of the teachers interviewed reported that they wanted to keep at least 

some aspects of Dl instructional strategies as they move forward in their F2F classrooms. 
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They all expressed the usefulness of digital tools such as PearDeck, Google workspace, 

the reduction of paper due to digital tools, and many commented that video recording 

their lessons and instructions really helped students that were absent. Five teachers 

reflected that the concept of a flipped classroom, as described by Bergman and Sams 

(2015), proved very useful with videos of lessons or other work done at home assigned 

for background or practice, and then using class time to dive deeper into the 

understanding process with collaboration and investigations during class time. “Beth” 

planned to continue using Hyperdocs to differentiate instruction in her classroom, and to 

provide student choice. “May” reported that she found Zoom very useful for parent 

conferences and student study groups outside of school hours, and “Ashlee” intended to 

continue virtual office hours outside of contract time. 

 The teachers interviewed all expressed a renewed focus on equity and social 

justice issues, and a goal to work toward removing the boundaries for students to be 

successful in science.  “Jodi” will continue explicitly teaching social justice and equity 

issues such as the Flint water crisis, and other current events in her classes, as well as 

provide grace when students need additional support or time. Many of the tech tools 

teachers plan to keep moving forward also support equitable science instructional 

practices, such as the use of Hyperdocs for differentiation and choice, or videos of 

lessons and instructions so that students can listen as many times as needed. “Kerry” 

mentioned the specific need for SEL training for teachers to better support students, 

slowing down the pace of instruction when needed, and the importance of using 
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culturally relevant local phenomena to provide the structure to an equitable instructional 

experience.  

Mixed Methods Results 

The survey results revealed no statistically significant findings on predicting 

teachers’ intent to continue NGSS via DL modalities. The interview results showed that 

teachers overall held positive AB and SN about NGSS, but these were negative toward 

DL modalities. All teachers felt their own high expectations to continue 3D instructional 

practices as best as they could during DL, and the expectation of themselves to provide 

high quality NGSS aligned instruction regardless of the platform (F2F, DL or hybrid). All 

of the teachers held strong PBC based on extensive PD received on NGSS prior to the 

pandemic, and confident in their ability to teach NGSS F2F, and that they could modify 

their materials as needed for DL or hybrid modalities. All teachers worked long hours to 

convert their F2F 3D instructional materials to DL modalities and expressed that teaching 

via DL was extremely difficult and stressful. Figure 4.1 shows the constructs of the TPB 

mapped to the findings of this study. 
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Figure 4.1 Theory of Planned Behavior Constructs and Findings  

 

The mixed methods analysis showed that teachers with extensive knowledge 

about NGSS prior to the pandemic were very comfortable with teaching via 3D and 

sought out PD opportunities to fill any knowledge gaps they held, including information 

about how to convert their lessons to DL modalities, indicating a high PBC. Teachers 

also emphasized the need for statewide funding for PD and high-quality instructional 

materials and with accountability for districts to implement NGSS, would equalize 

implementation efforts across the state. The joint display for the mixed method analysis is 

in Table 4.2 and is discussed in the following paragraph. 
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Table 4.5 Mixed Methods Joint Table Analysis of Quantitative Data and Qualitative 
Explanations 

Qualitative TPB results Qualitative themes Explanation of Findings 

The greater PBCd of 
teachers implementing 
3D instructional 
practices prior to 
COVID-19 closures, the 
greater the intent to 
continue when moved to 
DL modalities. 

Themes: Teachers who received 
extensive NGSS specific 
PD in the years prior to 
the pandemic were more 
confident in their ability to 
implement 3D 
instructional practices, 
and thus a stronger PBCd. 

 
Extensive NGSS PD 
 
 
High confidence in NGSS 
instructional practices prior to 
pandemic 
 
 
Focus on skills development: 
SEPs 
CCCs 
 

The more PD received 
by teachers in how to 
implement high quality 
instructional practices 
via DL modalities, the 
greater teachers' intent 
to continue 3D 
instructional practices 
via DL. 

Trends: Teachers that received 
PD, either from their 
site/district of from other 
sources (e.g., CST group 
or other PD) that was 
specific to DL 
implementation were 
more likely to continue 
3D instructional practices 
via DL modalities. 

 
DL specific PD on: 
Use of LMS to deliver content 
Use of digital tools (e.g., 
Zoom, Google Suite…) 
Use of Simulations in place of 
hands-on labs 
Best practices in DL 
instructional practices 
 
How PD was obtained 
CST groups as informal PLC 
Beginning of closures- 
emergency PD from district 
Summer PD from district 
Summer PD on teachers’ time 
and expense 
Conferences pursued on their 
own 
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Table 4.5 Continued 
 
 

  

Quantitative results Qualitative themes explaining 
quantitative results 
 

How qualitative findings 
explain quantitative 
results 

Positive AB results in 
higher implementation 
intent for NGSS by 
factor of 1.829 (not 
statistically significant) 

Trends: Teachers had positive 
attitudes toward NGSS 
stating it was "Best for 
students" in "providing 
authentic science 
experience". 

NGSS is in best interest of 
student learning 

Teachers have high autonomy, 
treated as experts 
PLCs provide collaboration 
time to plan 3D instructional 
practices 
Students have authentic 
science experience with NGSS 

Perceived SN increased 
implementation intent 
by factor of 1.72 (not 
statistically significant) 

 
Trends: 
 

Teachers’ primary SN 
was from themselves, 
some from their PLC. 
Felt that is ther0e were 
clear state or district 
policies with 
accountability, more 
teachers would 
implement. 

Strong personal expectations to 
implement 
PLCs held teachers 
accountable to implementing 
If there were a clear 
state/district policy, with 
accountability, belief that more 
teachers would implement 
No district policy to implement 
NGSS, except EII district 

  
Exploring both the quantitative, qualitative, and mixed data, one can infer that 

teachers’ confidence of their knowledge and skills in providing high quality 3D, NGSS-

based instruction prior to the pandemic had influence on teachers’ intent to continue 3D 

instructional practices via DL modalities. In addition, the fact that NGSS were the state 

adopted curriculum, regardless of district policy, was a positive influencer in teachers' 

perceived expectation to implement 3D instructional practices both prior to and during 
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the pandemic, however the lack of state-wide accountability was perceived to be a 

hindrance to even implementation of NGSS across California. While none of the TPB 

constructs were found to be statistically significant, AB, SN and PBC did positively 

affect teachers’ intent to implement NGSS as shown by the qualitative results. Teachers 

held positive attitudes toward NGSS stating it was “best for students” and provided 

“authentic science experiences” for students. Teachers primarily felt pressure to 

implement NGSS from their own expectations of delivering high-quality instruction to 

their students, though those in PLCs also felt the accountability from their PLC in 

addition to their own expectations. the qualitative findings suggest that AB, SN and PBC 

are positive impactors in a teacher’s intent to continue 3D instructional practices via DL 

modalities, suggesting that PD specific to the reform or change required is needed for 

teachers to implement. 
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CHAPTER V 

DISCUSSION 

The purpose of this study was to investigate how teachers augmented their C&I 

practice and what their ABs, SNs and PBCs were toward continuing to implement NGSS 

3D instructional practices via DL modalities. Though none of the TPB constructs were 

found to be statistically significant with the quantitative portion, these constructs as 

assessed via the interviews were positive indicators of teachers’ intent to continue NGSS 

via DL modalities. This research results suggests that California secondary science 

teachers’ intent to continue implementing the NGSS via DL modalities during the F2F 

closures between March 2020 through spring 2021 was successfully predicted by Ajzens 

TPB.  

The pursuit of professional learning experiences by teachers during the pandemic 

to augment their C&I practice indicated a clear intent to continue NGSS practices while 

in DL modalities. Some school districts offered paid and optional PD on best practices 

for teaching via DL modalities, incorporating SEL into lessons, and some provided 

collaboration time for teachers to plan and modify their extant curriculum for DL 

modalities. PD was often pursued by teachers based on what they felt they needed most. 

All the interview participants expressed a passion for high-quality science education, a 

desire to provide the best teaching possible, and sought out PD to augment practices, such 

as for instructing via DL modalities, they felt they lacked. These teachers all expressed 

PLCs as an asset in augmenting their teaching practices, with many citing the CST 

Facebook groups as an invaluable resource while struggling to continue 3D instruction 
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via DL modalities. This indicates that strong PLC groups at school sites or districts may 

be an important factor when implementing educational reforms such as NGSS, as a 

source of professional learning. The following further discuss the TPB constructs and 

how they impacted California science teachers’ intentions to continue NGSS via DL. 

The TPB Constructs 

In this study, the constructs of TPB were found to be positive indicators of 

teachers’ intent, but that they were not statistically significant as shown in Table 4.1. 

However, the interviews revealed that teachers’ confidence in their capacity to implement 

3D instructional practices in a F2F classroom, or their PBC, was influenced by how much 

high-quality NGSS focused PD they received prior to the pandemic, similar to Pierces 

(2018) study on NGSS implementation with high school chemistry teachers. The 

interviewed teachers expressed that the NGSS active learning practices focused on 

locally relevant phenomenon were best for providing all students with high quality 

science instruction. The teachers relayed that they had received extensive PD around 

NGSS implementation, that contributed to their confidence in providing high-quality 3D 

instruction.  When the pandemic closed F2F instruction, the teachers interviewed all 

expressed that they felt able to continue NGSS even though they needed to learn how to 

move 3D instructional practices to DL modalities. 

The findings from this research indicate that California secondary science 

teachers have a positive attitude toward continuing 3D practices as well as a clear passion 

for high-quality science instructional practices that provide relevant science experiences 

for their students, as shown from the qualitative results discussed in chapter 4. This is 
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evidenced from the interviews by teacher comments about NGSS being best for students, 

and their descriptions of how locally relevant phenomenon and active student 

participation increased student engagement. Though teachers expressed a negative 

attitude toward DL in the interviews, this did not prevent them from doing all they could 

to provide 3D instruction, such as learn new technologies like PearDeck and Jamboard to 

implement 3D instruction in the DL environment. A K-12 study conducted in 2018 using 

the TPB to investigate the obstacles and progress toward NGSS implementation 

nationwide also found that teachers had positive attitudes toward NGSS (Smith, 2020). 

Previous studies indicate that attitude can either hinder or support a science educational 

reform (Bybee, 1993; Haney et al., 1996; Pierce, 2018). This was confirmed by the 

qualitative portion of this study that suggests that the more PD received, and the more 

familiar teachers are with a reform, they are more likely to fell positively toward that 

reform and confirms Pierce (2018) who found that teachers who were most familiar with 

NGSS also had a more positive attitude toward implementation. However, in this study, 

AB was not a significant predictor of teachers’ intent to continue NGSS via DL 

modalities and thus contrasts with Haney et al. (1996) who found that AB toward a 

reform effort had the most influence on teacher’s intent to implement. This brings a 

question of why was AB not a statistically significant indicator of implementation in this 

context? The perceived expectations from others was also insignificant in the quantitative 

results, but evident in the follow-up interviews.  

Teachers all expressed that they expected high quality science instruction from 

themselves, regardless of how delivered, F2F, online or hybrid, and they would continue 
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to provide the best possible science instruction they could, indicating the impact of SN on 

their behavioral intent. 

The expectations of administrators, peers and even state mandates have been 

shown to influence teachers’ perceptions, or SN, that they are expected to implement 

educational reforms. Haney et al. (1996) and Pierce (2018) both found that SN was the 

largest contributor to teachers’ intent. Both Haney and colleagues (1996) and Milner et 

al. (2012) determined that administrators and peers were more influential than federal 

mandates. However, in California, there is no perceived expectation that NGSS be 

implemented. The state board adopted the standards, developed a state-based science 

framework and developed a list of vetted instructional materials. However, they have not 

support implementation with funds or science assessments on the state dashboard as 

discussed in chapter 2.  This perceived lack of accountability by the state lead to uneven 

implementation across the state as discussed by the literature (Dickenstein-Staub & 

Parker, 2021; Grace et al., 2021). The findings of this research showed, however, that SN 

did not statistically significantly affect teachers’ intent to continue NGSS (see Table 4.1). 

Instead, the perceived state expectation that teachers implement the adopted standards 

and teachers own expectations of providing high quality science instruction were the 

most cited reason for teachers' decision to implement NGSS as evidenced in the 

qualitative results in chapter 4. Interestingly, the interviewed teachers posited that if 

science were included in the states’ accountability measures on equal levels as ELA and 

math, as well as provided funding for state-wide PD, that NGSS might be more evenly 
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implemented, which confirms the study by Grace et al., (2021). Teachers PBC is the last 

TPB construct to discuss. 

Teachers’ volitional control and perceived self-efficacy, or their PBCd, was also 

found to statistically insignificant in the quantitative results (Table 4.1).  However, 

teachers’ PBC does play a positive role in their intent to continue NGSS via DL as 

discussed in the qualitative interview results. Which supports the study by Cheon et al. 

(2012) that found that perceptions of control increased when more resources and 

confidence were present than expected obstacles, and Haney et al. (1996) found that 

access to high-quality PD and resources had the greatest influence on PBC. Pierce noted 

that teachers' PBC salient beliefs on PD and collaborating with peers were the most 

helpful in implementing NGSS. Smith (2020) found that teachers who had at least 35 

hours of NGSS specific PD also had high perceptions of their self-efficacy to implement 

3D instructional practices. This mirrors the findings of Dunn et al. (2018) who also found 

PBC to be the strongest predictor of teachers’ intent, noting that an increase in funding 

and support for PD were needed to improve teachers’ capacity to implement reform. 

Interviewed teachers all expressed that they pursued relevant PD on their own, often at 

their own expense, as well as engaged in PLCs with peers, including those on social 

media, to augment their C&I practice in providing high-quality 3D instruction and 

authentic science experiences to their students via DL modalities, strengthening the 

argument that high quality PD for NGSS implementation was still needed. However, 

teachers in this study did not have high-quality curricular materials as reported by 

Dickenstein-Staub and Parker, (2021) and Grace et al. (2021). California had adopted 



Texas Tech University, Heather Wygant, May 2022 

129 

curricular materials for K-8 in 2019, but most schools had just begun the review for 

adoption process when the pandemic closed schools.  Teachers had been using their own 

modified or created NGSS materials to try 3D instructional practices as they awaited 

high-quality aligned materials.  The following section delineates the implications of this 

study for future studies.  

Implications 

The use of Ajzens’ TPB (1985, 1991) positively predicted and explain California 

secondary science teachers’ intent to continue 3D instructional practices via DL 

modalities, through the qualitative interviews conducted after the survey indicated no 

significant results. The interviews indicated that AB, SN and PBC all positively 

contributed to teachers BI. This study informs the scholarly community that TPB was 

able to demonstrate teachers’ intentions regarding factors that influence implementing 

science education reform during pandemic DL modalities. 

As discussed in chapter 4, moving to DL modalities supported 3D instructional 

practices, by providing time and space for teachers to experiment with digital tools.  For 

example, creating and revising models using Jamboard, or using Google workspaces for 

collaborating and designing an experiment. The use of digital tools like PearDeck for 

formative assessments and other digital tools presented new and innovative uses during 

NGSS instruction via DL modalities. 

The lack of adopted or implemented high-quality NGSS aligned instructional 

materials meant that teachers were adapting or creating their own materials prior to the 

pandemic. As the pandemic continued, these teachers were already used to adapting and 
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creating materials for 3D instructional practices, suggesting it may have been easier to 

continue adapting materials for DL that to revert to traditional didactic teaching practices 

of lecture and confirmatory labs that was prevalent prior to NGSS. Though some teachers 

may have reverted to these traditional methods during DL as they are perceived as easier, 

the forced move to DL modalities may have sown the seeds for incorporating more active 

student learning, 3D instructional practices, and exposed the inequities inherent in the 

typical science classroom. This could impact future implication efforts by demonstrating 

the power of active student learning in the science classroom. 

In combination with the findings from Grace et al., (2021), this study has 

implications for reform policy moving forward. This study suggests that funding for 

high-quality PD and NGSS aligned instructional materials, along with adding science to 

be equal with math and ELA for state level accountability would greatly improve the 

equity of NGSS implementation across the state of California.  This has further 

implications for reform policy in general, that mandates alone do not create change, 

mandates need to be supported with funding, PD, instructional materials and district need 

to be accountable for implementation. 

Recommendations for Future Work 

The methods and findings of this research may be used to inform similar studies 

on implementing reform in the future. This study relied on participants to self-select, so 

may not be representative of all California secondary science teachers implementing 

NGSS. The participants were primarily from urban and suburban districts, so do not 

represent rural science teachers. This study could be expanded to investigate the lack of 



Texas Tech University, Heather Wygant, May 2022 

131 

rural participants: was it access to the survey? Access to NGSS PD? Or another reason 

rural science teachers are not well represented in this study. Science teachers across the 

USA worked tirelessly to adapt their science instruction to DL modalities (Sutton, 2020) 

during the pandemic, therefore this study could be expanded by surveying teachers from 

other NGSS adopting states. This study focused only on secondary science teachers. 

However, as the NGSS are intended to increase in depth and complexity from K-12th 

grade, and administrators are key to quality NGSS implementation, future studies should 

include administrators’ and elementary teacher perspectives to meet the full intent of the 

Framework and NGSS. Additionally, this study focused only on science teachers who 

were already implementing NGSS, so future studies could expand to include non-

implementing teachers, as understanding why teachers are not implementing the NGSS 

would also benefit policymakers and PD providers. 

This study investigated how teachers intended to augment their 3D practices. 

Topics such as how the intended plans compared to effective science 3D instruction in a 

F2F classroom setting, and which aspects of NGSS were most and least difficult to 

implement in a DL environment were left as open questions. Further study is warranted 

to add additional depth to the overall investigation of NGSS implementation. Finally, 

teachers with a high autonomy in the classroom, a positive AB, SN and PBC were the 

participants in this study on in continuing NGSS implementation, suggesting that 

providing structures that allow teachers to try new techniques, and access to high-quality 

PD would more likely contribute to teachers implementing high quality, novel 
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instructional practices. Future studies could aim to determine how to find and cultivate 

these structures for teachers to advance reform efforts such as NGSS. 

Conclusions 

The intent of NGSS was to change teachers’ practice from a teacher-centered 

model to a more student-centered approach, in which students were actively constructing 

scientific knowledge and skills. Therefore, in the NGSS adopting state of California, 

some teachers received grant or philanthropic funded PD in the form of Rollout trainings, 

the EII grant, or from district driven training for implementing curriculum and instruction 

derived from the reform-based standards. However, the rapid pandemic-induced 

transition from face-to-face toward virtual modalities in March of 2020 forced teachers to 

reimagine their teaching practice via DL modalities. As a result, NGSS-based testing was 

suspended and compliance factors for NGSS implementation was removed; it was 

unclear to what extent if any that California secondary science teachers would provide 

high-quality instruction via DL modalities. This study sought to determine if and how 

teachers augmented their C&I practice in DL modalities for implementing the NGSS. It 

was predicted that one or more of the direct constructs of the TPB would have a 

significant effect on teachers’ intent to continue NGSS via DL. Findings suggest that 

teachers who were already actively implementing NGSS were more likely to continue 3D 

practices during DL modalities, because they had received high-quality PD around NGSS 

and were already familiar with 3D instruction, albeit in the face-to-face modality, prior to 

the pandemic.  
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This study found that teachers' primary pressures for implementing NGSS via DL 

modalities were based on their own and their course teams’ expectations, and their 

perceptions that NGSS practices were best for improving the understanding of science for 

all students. Teachers that received extensive PD received prior to the pandemic were 

confident in their ability to use 3D instructional practices in a F2F classroom and held 

positive attitudes toward NGSS. This study found that a teacher’s confidence, and thus 

their PBC, in their ability to provide high-quality 3D instruction to their students and to 

create or revise curriculum to meet their needs However, the TPB constructs were found 

to be not statistically significant to teachers’ intent in this study. In addition, DL-specific 

PD was needed once the pandemic closed in person instruction, and often teachers 

pursued additional training on their own to enhance their C&I practice and understanding 

of technology tools that would help them transition from F2F to DL modalities 

to continue 3D instruction. As teachers with high PBC, positive AB, and a perceived SN 

are more likely to implement reforms such as NGSS, and implementation is aided by 

high-quality PD, this advances the need for high-quality PD funded by the state to ensure 

full implementation of a given reform such as NGSS. 

The expectations to implement NGSS in California currently varied by district 

and was not included in state level accountability measures such as the California School 

Dashboard, with any funding from the state left to districts to allocate as seen fit (Grace, 

2016) and the lack of high-quality curricular materials, of state funded PD, and 

accountability from the state, NGSS has remained uneven in California (Grace et al., 

2021).  With no state-level consequences tied to implementation, and limited private 



Texas Tech University, Heather Wygant, May 2022 

134 

funds for training, districts and administrators have not enforced teacher implementation 

of NGSS at this point. The literature review in Chapter 2, and the findings of this study, 

suggest that without administrative support and state-level policy backed with 

accountability, NGSS implementation will remain uneven throughout the state. Funding 

for PD, state level accountability and high-quality instructional materials are needed for 

teachers to develop the positive attitudes, perceived SN and PBC to implement reforms as  
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APPENDICIES 

APPENDIX A  

PILOT CODEBOOK 

Pilot codebook for CST posts, discussions and interview analysis based on TPB and best 
practices in implementing NGSS (F2F and DL). 
 Code 

symbol 
Code 
description 

Detailed description 

A Priori codes 
 
Theory of 
planned 
behavior 
constructs 

1 Attitude 
toward 
behavior 
(AB) 

This code captures teachers’ attitudes 
toward DL and/ or NGSS: NGSS & 3D 
instruction are beneficial (or not) for 
students, with and without DL. (oe & bb) 

2 Subjective 
Norm (SN) 

This code captures teachers’ perceived 
social expectations for implementing 
NGSS and/ or DL: does the district, site, 
and peers expect 3D instruction and 
learning? Do they expect 3D and/ or DL? 
(nb & mc) 

3 Perceived 
behavioral 
control 
(PBC) 

This code captures teachers’ understanding 
and perceptions of the amount of control 
they have in implementing NGSS and/ or 
DL: teachers’ self-efficacy about 3D 
instruction and/ or DL. (cp & cb) 

intent Intent to 
continue 
NGSS via 
DL (ABI, 
SNI, PBCI) 

This code captures teachers’ intent to 
implement and/ or continue NGSS. By 
sharing ideas, resources, and plans, the 
assumption is that they intend to continue 
NGSS. (BI) 

    

A Posteriori 
Codes 
 
Extant themes 
for NGSS 
based 

5p Pedagogical 
practices 
varied 

A variety of pedagogies are used in 
instruction. Teacher acts as a guide, student 
centered instruction, scaffolds in place, 
facilitated discussions, provides student 
choice personalization and multiple 
modalities as options. 
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instructional 
practices and 
DL best 
practices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3D 3D 
instructional 
practices 

3D active learning by students with 
authentic inquiry, phenomena driven 
storylines, student centered instruction, 
science as practice, SEPs and CCCs. 5E 
instructional sequence, PBL, understanding 
by design, authentic assessment tasks. 

All All learners Includes options to involve ALL learners, 
supports equity, diversity. Scaffolded 
instruction, student choice, options so all 
can participate. 

5m Metacognitio
n 

Metacognition is included for students: 
reflection, revision, sense making 
activities. CER (claim-evidence-
reasoning). 

5e Engineering Engineering design process is used by 
students to define a problem and design 
and /or evaluate solutions 
 

5i Interconnecte
d content 

Science content is interconnected- Biology, 
chemistry, physics, earth science and 
environmental issues are interwoven and 
interconnected. EP&Cs (environmental 
principles and concepts). 

DL DL best 
practices 

Educator shows content expertise, or is 
seeking to gain expertise in, advance 
planning and organization of course 
content (backwards planning, scheduled 
assessments) provides options for learning 
and assessments, provides active learning 
opportunities (collaboration, discussion, 
interactive assignments, 
motivating/relevant topics, PBL, 5E, 
phenomenon/storyline), provides 
opportunities for student-teacher 
connection (develop and cultivate 
relationships, communication, feedback, 
personalization, establishes community of 
learners), F2F materials adapted to DL 
modality, opportunities for metacognition 
woven into plan. 



Texas Tech University, Heather Wygant, May 2022 

151 

 
 
 
 

PD Professional 
development 
opportunities 

PD opportunities shared, needed, or 
mentioned as attended, including 
collaboration among teachers. 

8 Shared 
resources 

Any sharing of or asking for resources, 
asking for feedback, providing feedback, 
shared PD opportunities, advice, tools, and 
recommendations (example: technology 
tools or recommended practices). 

9 Struggles 
concerns 
with NGSS 
or DL 

Expressed concern or struggles with NGSS 
implementation, DL, or obtaining 
training/PD. 

Note: All references to NGSS are based on the expectations and guidelines for NGSS 
implementation in A Framework for K-12 Science Education. 
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APPENDIX B  

IRB APPROVAL SURVEY 
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APPENDIX C  

BEHAVIORAL INTENT SURVEY 

Survey questions in Qualtrics consisting of a total of 56 questions, 6 demographic, 49 
TPB questions, and 1 open ended question. 
Demographic questions: 
Number of years teaching: less than 2, 3-5, 6-10, 11-15, 16-20, over 20 
Which grade levels do you currently teach: 6 -7 -8- 9- 10- 11- 12 
What type of area do you teach in? Rural, suburban, urban, public, private, charter 
What was your knowledge level in implementing NGSS while face to face? (5- point 
Likert scale with 1 = extremely knowledgeable 5 = not knowledgeable at all) 
Indicate the number of hours of PD you have had Prior to the March 2020 school closures 
in the following areas: (on a sliding scale 0-20+ hours) 
 Approximately how many hours of NGSS specific PD did you receive:  
 Approximately how many hours of PD on how to teach in a virtual environment 
did you receive? 
Indicate the number of hours of PD you have had Since March 2020 school closures, in 
the following areas: (on a sliding scale 0-20+ hours) 
 PD on how to teach NGSS 
 PD on how to teach NGSS in a virtual environment 
 PD on how to teach in a virtual environment 
Behavioral intent questionnaire: 3D instructional practices: Face to face 
and via distance learning 

 

Construct Question 7-point Likert scale  

PBCd1* I have the knowledge necessary to use 
NGSS 3D instructional practices. 

Strongly 
disagree 

Strongly 
agree 

1-7 

PBCd2 I am confident that I could implement 
NGSS if I wanted to. 

Strongly 
disagree 

Strongly 
agree 

1-7 

PBCd3 For me to teach using NGSS is Extremely 
easy 

Extremel
y 
difficult 

1-7 

SNd1 Most people who are important to me 
think that I (should/should not) 
implement NGSS. 

Should not Should -3 - 
+3 

BId1* I intend to embed NGSS 3D 
instructional practices in my regular 
teaching practices. 

Strongly 
disagree 

Strongly 
agree 

1-7 
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BId2 I want to implement NGSS 3D 
instructional practices in my 
classroom. 

Strongly 
disagree 

Strongly 
agree 

1-7 

BId3 I intend to implement NGSS 3D 
instructional practices in my 
classroom. 

Strongly 
disagree 

Strongly 
agree 

1-7 

BId4 I expect to implement NGSS 3D 
instructional practices in my 
classroom. 

Strongly 
disagree 

Strongly 
agree 

1-7 

 To ensure the quality of this survey, 
please click “strongly agree” for this 
item. 

Strongly 
disagree 

Strongly 
agree 

SA=1 
other
wise 
0 

SNd2 People who are important to me 
professionally think I should 
implement NGSS 3D instructional 
practices. 

Strongly 
disagree 

Strongly 
agree 

1-7 

PBCd4* I have the resources and time 
necessary to use NGSS 3D 
instructional practices. 

Strongly 
disagree 

Strongly 
agree 

1-7 

SNd3 It is expected of me that I implement 
NGSS 

Strongly 
disagree 

Strongly 
agree 

1-7 

SNd4* When considering trying new teaching 
strategies, I discuss with teaching 
colleagues first. 

Strongly 
disagree 

Strongly 
agree 

1-7 

ABd1 Implementing NGSS instructional 
practices in my classroom is 

Worthless Useful 1-7 

ABd2 Implementing NGSS instructional 
practices in my classroom is 

Harmful Benefici
al 

1-7 

ABd3 Implementing NGSS instructional 
practices in my classroom is 

Unpleasan
t (for me) 

Pleasant 
(for me) 

1-7 

ABd4 Implementing NGSS instructional 
practices in my classroom is  

Bad Good 1-7 

bb1 My implementing the NGSS would 
help students think critically 

Strongly 
disagree 

Strongly 
agree 

1-7 
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bb2 My implementing the NGSS would 
increase student engagement in 
learning science 

Strongly 
disagree 

Strongly 
agree 

1-7

bb3 My implementing the NGSS would 
change my previously used lessons 

Strongly 
disagree 

Strongly 
agree 

1-7

bb4 My implementation of NGSS would 
allow for increased integration of the 
science disciplines. 

Extremely 
unlikely 

Extremel
y likely 

1-7

bb5 My implementation of NGSS would 
make science more relevant to the 
students’ everyday lives. 

Extremely 
unlikely 

Extremel
y likely 

1-7

oe4 Increasing integration of science 
disciplines is 

Extremely 
undesirabl
e 

Extremel
y 
desirable 

-3 -
+3

oe5 Making science more relevant to the 
students’ everyday lives is 

Extremely 
undesirabl
e 

Extremel
y 
desirable 

-3 -
+3

oe1 Helping my students think critically is Extremely 
undesirabl
e 

Extremel
y 
desirable 

-3 -
+3

oe2 Increasing student engagement in 
science is 

Extremely 
undesirabl
e 

Extremel
y 
desirable 

-3 -
+3

oe3 Changing my previously used lessons 
is 

Extremely 
undesirabl
e 

Extremel
y 
desirable 

-3 -
+3

nb1 Other science teachers (Do/ Do not) 
implement NGSS 

Do not Do -3 -
+3

nb2 The administration thinks I (Should/ 
Should not) implement NGSS 

Should not Should -3 -
+3

nb3 Students would (approve/ disapprove) 
of my implementing NGSS 

Disapprov
e 

Approve -3 -
+3
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nb4 The state department thinks I (Should/ 
Should not) implement NGSS. 

Should not Should -3 -
+3

nb5 Parents would (approve/disapprove) of 
my implementing NGSS. 

Disapprov
e 

Approve -3 -
+3

mc4 What the state department of 
education thinks I should do is 
important to me 

Not at all Very 
much 

1-7

mc5 Parent approval of my teaching is 
important to me 

Not at all Very 
much 

1-7

mc1 Doing what other science teachers do 
is important to me 

Not at all Very 
much 

1-7

mc2 Administration approval of my 
teaching is important to me 

Not at all Very 
much 

1-7

mc3 Student approval of my teaching is 
important to me 

Not at all Very 
much 

1-7

cb1 Observation of other classrooms using 
NGSS is helpful 

Extremely 
unlikely 

Extremel
y likely 

1-7

cb2 When I am implementing NGSS, I feel 
that I do not have enough resources 
(curriculum, funding, equipment) 

Strongly 
disagree 

Strongly 
agree 

1-7

cb3 When I attend professional 
development and training 
opportunities about NGSS, I feel 
empowered to utilize NGSS in my 
classroom 

Strongly 
disagree 

Strongly 
agree 

1-7

cb4 When I implement the NGSS, I feel 
that there is not enough time during 
the class period for lessons using 
NGSS. 

Extremely 
unlikely 

Extremel
y likely 

1-7

cb5 Collaboration with colleagues about 
NGSS implementation is encouraging. 

Extremely 
unlikely 

Extremel
y likely 

1-7

cb6 When I implement the NGSS, I feel 
that there is not enough time to plan 
lessons. 

Extremely 
unlikely 

Extremel
y likely 

1-7
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cp6 Feeling like there is not enough time 
to plan lessons makes it (more 
likely/less likely) to implement NGSS. 

Less likely More 
likely 

-3 -
+3

cp4 Feeling like there is not enough time 
during the class period for the lesson 
using NGSS makes it (more likely/less 
likely) to implement NGSS. 

Less likely More 
likely 

-3 -
+3

cp5 When I collaborate with colleagues, I 
am (more likely/less likely) to 
implement NGSS. 

Less likely More 
likely 

-3 -
+3

cp1 When I observe other classrooms 
using NGSS, I am (more likely/less 
likely) to implement NGSS. 

Less likely More 
likely 

-3 -
+3

cp2 Having available resources 
(curriculum, funding, equipment) 
would make it (easy/difficult) to 
implement NGSS 

Difficult Easy -3 -
+3

cp3 Feeling empowered during 
professional development and training 
opportunities about NGSS make me 
(more likely/less likely) to implement 
NGSS 

Less likely More 
likely 

-3 -
+3

Note: PBC =perceived behavioral control; SN= subjective norm; BI=behavioral intent; 
AB= attitude toward behavior; oe= outcome evaluation; bb = behavioral belief; nb = 
normative belief; mc = motivation to comply; cb = control belief; cp = control power. 
Survey adapted from "Using the theory of planned behavior to explore teachers' 
intentions to engage in ongoing professional learning” by R. Dunn, J. Hattie, and T. 
Bowles, 2018, Studies in Educational Evaluation 59, p. 288-294, and “Theory of 
planned behavior applied to high school science teachers implementing Next 
Generation Science Standards” by A. Pierce, 2018, unpublished thesis, p. 97-101. 

Dunn et al. questions are noted with a *, The rest are modified from Pierce. 
Open ended optional questions: 
Are you willing to participate in a follow up interview? 
Name and email for follow up interview (Google Form) 
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APPENDIX D  

IRB APPROVAL INTERVIEW 
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APPENDIX E  

INTERVIEW PROTOCOL 

Interview Protocol 
Participant’s De-identified identification number / Random ID 
#:______________________ 

“Thank you for your participation in this project. The goal of this research is to determine 
how California secondary science teachers planned to augment their curriculum and 
instruction practices to continue implementing the Next Generation Science Standards or 
NGSS when we were shifted into distance learning. I would like to know more about 
your perceptions of site and district policy, and how that affected your intentions to 
continue NGSS. In addition, I am interested in the materials and resources that you used, 
and what you learned about teaching NGSS while in distance learning. 

"At this time, do you have any questions about the information sheet before we begin?” 

I will now hit the record button to begin. [Starts Recording.] 

“Thank you, we will begin the Interview Questions: 
What did the sudden shift to DL look like for your school site and or district? 

What were you asked to do? (in order to teach science) (SN) 

What resources were provided? (i.e.: did the district provide computers or hot spots to 
students? Were you asked to provide packets or?) (PBC) 

Was there a difference between what you were asked to do in March 2020, compared to 
Fall 2020 for NGSS implementation? (describe) (SN) 

How did the shift to DL, resources and what you were asked to do affect your ability to 
continue 3D instructional practices? (PBC & SN) 

Can you give some examples of how you augmented your curriculum and instructional 
practices to continue NGSS via DL? (i.e.: which content, resources, organizations, tools?) 
(PBC) 

What materials and resources did you use to enhance your NGSS practice while in DL? 
(Possible probe for more details) (PBC) 

Which resources, tools, materials did you find the MOST useful? Least useful? 
(most/least helpful) 
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Did you share these resources with others? (where/how? On social media? Via 
organizations? Other?) 

Which resources did you want/need but could not find? (PBC) 

Would you have taught different content had these resources been available? (PBC) 

Is there a, do you know about a site/district/board policy on implementing NGSS? If so, 
what is the policy? (SN) 

How did this policy inform your decision on what you did in terms of NGSS instructional 
practices with students during DL? (Probe for how much autonomy in the classroom. 
Were you able to make decisions on what you taught and how?) (SN & PBC) 

What were your experiences like teaching NGSS while we were in DL? (Probe for 
difficulties/challenges; probe for successes)  

What did you learn about your professional learning needs? 

How is your school returning in the fall (F2F, DL, Hybrid?) if you know? 

What, from your experiences this past year plus, will you carry forward into next year in 
your practice? 

Is there anything else you wish to share? 

Thank you, you have provided great insight to enhance the understanding of how and 
why teachers did or did not continue NGSS implementation while in DL, and what 
teachers learned through this experience. I will now end the recording.” 
[Ends Recording.]  
If you decide after this interview that you no longer wish to participate in this research 
study, I will make sure this interview and any related materials you have given me will be 
destroyed within 24-48 hours of your request. 
You have our contact information from your copy of the consent form that was emailed 
to you. Please do not hesitate to reach out to us at any time with any questions or 
concerns. Again, thank you for participating in this research study.” 
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APPENDIX F  

INTERVIEW CODEBOOK 

Codebook for interviews, based on augmenting C& I practices, teacher attitudes, 
perceived pressures, and self-efficacy of teaching 3D NGSS via DL. 

Code 
symbol 

Code 
description 

Detailed description 

A Priori 
codes 

Theory of 
planned 
behavior 
constructs 

+-/ Attitude 
toward 
behavior 
(AB) 

This code captures teachers’ attitudes toward 
DL and/ or NGSS: NGSS & 3D instruction are 
beneficial (or not) for students, with and 
without DL. (oe & bb) Perceived attitude of 
teacher to teaching 3D via DL. + is positive 
overall, - is negative overall, / is neutral, neither 
positive nor negative. 

policy Subjective 
Norm (SN) 

This code captures teachers perceived social 
expectations for implementing NGSS and/ or 
DL: does the district, site, and peers expect 3D 
instruction and learning? Do they expect 3D 
and/ or DL? (nb & mc) Teacher mentioned 
having an extant policy of implementing NGSS 
prior to or during pandemic. 

SE Perceived 
behavioral 
control 
(PBC) and 
self-efficacy 

This code captures teachers' understanding and 
perceptions of the amount of control they have 
in implementing NGSS and/ or DL: teachers’ 
self-efficacy about 3D instruction and/ or DL. 
(cp & cb) Indicates teachers' perceived 
confidence in instructing 3D via DL. 

intent Intent to 
continue 
NGSS via 
DL (ABI, 
SNI, PBCI) 

This code captures teachers’ intent to 
implement and/ or continue NGSS. By sharing 
ideas, resources, and plans, the assumption is 
that they intend to continue NGSS. (BI) 
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A 
Posteriori 
Codes 

Extant 
themes 
augmenting 
C&I 
practices, 
overall 
attitudes, 
perceived 
pressures, 
and self-
efficacy. 

PD Professional 
developmen
t 
opportunitie
s 

PD opportunities shared, needed, or mentioned 
as attended, including collaboration among 
teachers. 

3D 3D 
instructional 
practices 

3D active learning by students with authentic 
inquiry, phenomena driven storylines, student 
centered instruction, science as practice, SEPs 
and CCCs. 5E instructional sequence, PBL, 
understanding by design, authentic assessment 
tasks. 

cont. Content 
included or 
excluded 

References to content included or excluded due 
to access to materials, resources or based on 
difficulty in presenting via DL modalities. 

Tools Tools or 
resources 
used for DL 

Any technology tools or resources referenced 
that assisted or enhanced 3D instructional 
practices during DL. 

DL DL best 
practices 

Educator shows content expertise, or is seeking 
to gain expertise in, advance planning and 
organization of course content (backwards 
planning, scheduled assessments) provides 
options for learning and assessments, provides 
active learning opportunities (collaboration, 
discussion, interactive assignments, 
motivating/relevant topics, PBL, 5E, 
phenomenon/storyline), provides opportunities 
for student-teacher connection (develop and 
cultivate relationships, communication, 
feedback, personalization, establishes 
community of learners), F2F materials adapted 
to DL modality, opportunities for metacognition 
woven into plan. 



Texas Tech University, Heather Wygant, May 2022 

163 

Equity Equity Any comment describing the need for equity in 
schools. 

SEL Social 
Emotional 
Learning 

References to SEL, grace or forgiveness. Giving 
these to students, a focus on the student as a 
human who is in trauma. 

aut Autonomy 
in the 
classroom 

Expressed a significant level of autonomy in the 
classroom. 
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APPENDIX G  

INTERVIEW PARTICIPANTS 

Pseudonym Location Grade Level Public/Private/Charter 

Cindy Northern High school Private 

Taylor Northern High school Public 

Jill Northern High school Public 

Alana Northern Middle school Public 

Kerry Northern High school Public 

Jodi Southern High school -- 

Jake Northern High school Public 

Kate Southern High school Charter 

Anna Southern High school -- 

Jane Southern Middle school -- 

Ashlee Northern Middle school Public 

Lindsey Northern Middle school Public- EII 

Ellie Northern Middle school Public 

Beth Southern Middle school Public 

Alexa Northern Middle school Public 

May Southern Middle school Gifted Magnet Public 

Maya Southern High school Public 
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