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and students in the classroom (NRC, 2001). At each of 
these layers the standards themselves, and the messages 
regarding the conceptual shifts inherent in the stan-
dards documents are translated and interpreted through 
various channels (Spillane et al., 2002). These channels 
include curriculum, assessment, policy, and teacher 
development materials, among others (NRC, 2001). The 
artifacts developed within each of these channels convey 
to stakeholders what it means to enact and align to the 
standards.

Researchers who study SBR assert that alignment 
between each of these channels is necessary for effec-
tive translation of reforms into improved outcomes for 
students (Smith & O’Day, 1990). Alignment has been 

Introduction
Standards-based reforms like the Next Generation Sci-
ence Standards (NGSS) are developed with the intention 
to improve teaching and learning in science education 
(NGSS Lead States, 2013). However, the mechanism of 
standards-based reform (SBR) dictates that standards 
written at the national level must pass through several 
layers of the educational system before reaching teachers 
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Abstract
Teachers are a critical component to standards-based reform systems, which require that reforms conceived at the 
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Keywords  Next Generation Science Standards, Alignment, Sensemaking, Standards-based reform

A content analysis of alignment messages 
to the Next Generation Science Standards
Jamie Tanas1*  and Gavin Fulmer1

http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2218-7780
http://crossmark.crossref.org/dialog/?doi=10.1186/s43031-023-00073-6&domain=pdf&date_stamp=2023-4-13


Page 2 of 18Tanas et al. Disciplinary and Interdisciplinary Science Education Research             (2023) 5:5 

defined and calculated numerically (Webb, 2007), but 
has also been defined broadly by examining what compo-
nents of standards and key reform ideas are operational-
ized during implementation (Massell et al., 1997; Smith 
& O’Day, 1990). The NGSS present a particular challenge 
for alignment given their three-dimensional nature (Ful-
mer et al., 2018). Additionally, there are other key reform 
ideas present within the NGSS documents that may be 
translated differently across these levels and channels 
including use of phenomena, integration of science and 
content, incorporation of design or engineering, and oth-
ers (NGSS Lead States, 2013). As such, it is critical to 
examine how alignment is conceptualized and reform 
ideas are represented at each level in the SBR system in 
order to understand how standards impact teaching and 
learning.

As most proximal to student learning, teachers play 
a critical role in the success or failure of science educa-
tion reforms. Reforms conceptualized at the national 
level through policy documents like the Next Genera-
tion Science Standards (NGSS) must ultimately be opera-
tionalized by teachers in the classroom to afford any real 
changes to teaching and learning (Bybee, 2014; Pruitt, 
2014). We know that many teachers develop their own 
instructional materials (86% at the US secondary level) 
and, even when utilizing prepared curricula, teachers’ 
understanding of reform ideas impacts their enactment 
in the classroom (Banilower et al., 2018; Tekkumru-Kisa 
et al., 2019). As sensemaking professionals, then, teach-
ers’ interpretations of the key conceptual shifts within 
the NGSS will determine the success of these ambitious 
reforms.

In order to examine how teachers are making sense of 
the standards, we must first determine what messages 
teachers are receiving regarding NGSS reforms. As NGSS 
reforms are translated for communication to teachers, 
what messages are teachers receiving regarding what 
it means to align to the NGSS regarding pedagogy and 
instructional materials? How do these messages compare 
to those at the national level, within the research litera-
ture, and as intended by writers of national reform docu-
ments? Practitioner journals speak directly to teachers 
and include messages from both peer in-service teach-
ers and science education researchers. These journals 
are written for a teacher audience with a focus on prac-
tical application of research findings and reform ideas 
(Guidelines for Authors: The Science Teacher, n.d.). As 
such, articles within these journals provide one compre-
hensive national sample of the messages teachers receive 
regarding how to interpret the NGSS into lessons, assess-
ments, and pedagogical practices for and by teachers. 
This paper will examine the nature and representation 
of these alignment messages within practitioner litera-
ture as a first step in furthering our understanding of 

teacher sensemaking and, ultimately, enactment of NGSS 
reforms within the SBR system. Taking a sensemaking 
lens, our systematic content analysis also includes a qual-
itative analysis of the language used to represent NGSS 
reforms with particular attention to coherence, potential 
misconceptions, and clarity of ideas. In this study we will 
examine the following research questions:

1.	 What messages regarding alignment to the NGSS are 
conveyed to teachers in practitioner literature?

2.	 How are these alignment messages represented 
and defined for teachers? What language is used to 
represent NGSS reforms?

Literature review
Reform representation, sensemaking, and implementation
Studies of SBR from the common core standards, par-
ticularly mathematics, provide insight into the role of 
individual cognition and policy representation in affect-
ing the success or failure of reform. One aspect of policy 
representation critical to sensemaking is the language 
used to communicate reforms. Spillane (2000) asserts 
the central role of language in reform implementation as 
it is, “the chief medium that policymakers have for rep-
resenting their ideas about reforming practice” (p. 152). 
Language is used to communicate the central ideas of 
reform. However, studies have shown that the language 
used to convey the nature of reforms is often interpreted 
and attended to differentially by individuals. In examin-
ing SBR in mathematics, Spillane (2000) found that indi-
viduals attended to various “reform signals” including 
hands-on/manipulation, problem solving, other subject 
integration, and real-world connections, among others. 
Additionally, the intended meaning of these signals was 
often not taken up by implementors, and instead used 
to reinforce previous ideas about teaching practices 
resulting in little substantive change in individual’s ideas 
about instruction. Hill (2001) notes the same issues in 
examining teachers tasked with translating mathematics 
standards into curriculum. In this study, teachers misun-
derstood language, held local understandings of vocabu-
lary, or perceived some reforms as similar when they 
were not, resulting in a misalignment between the cur-
riculum and the standards. Notably, Hill (2001) relates 
this misalignment directly to the representation of policy, 
stating alignment could have been improved with “bet-
ter inputs from state policy” like “fewer sub objectives”, 
videos, or example lessons (p.313). This finding directly 
relates representation of policy to the sensemaking that 
occurs when individuals implement reforms, emphasiz-
ing the importance of analyzing both the form and the 
language used to convey reforms to stakeholders.

Sensemaking by individuals involved in reform imple-
mentation has also been demonstrated to occur dif-
ferentially across the various levels of implementation, 
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suggesting study of the role of context and cognition 
should occur at each level for comparison and track-
ing of how reform messages may have changed. In their 
examination of common core standards implementation 
across several districts Coburn et al. (2016) note that lack 
of coherence across states and districts around reforms 
can be attributed to differential learning processes among 
teachers, school administrators and state leaders. They 
concluded that lack of alignment between curriculum 
materials, assessments, and professional development 
contributed to differential learning, or sensemaking, 
among these individuals, ultimately resulting in imple-
mentation that “looked different from one classroom to 
the next, even within the same school and district” (p. 
245). Ball et al. (2011) refer to this as the “problem of 
meaning” in policy, describing how teachers and others 
involved in policy enactment actively shape interpreta-
tion by explaining and translating policy, selecting, and 
enforcing meanings. This pattern is seen across disci-
plines (Spillane & Zeuli, 1999) and levels of the edu-
cational system (Coburn, 2005). Researchers attribute 
differences in sensemaking to representations of the pol-
icy itself (Spillane, 2000) as well as contextual factors that 
influence sensemaking including communities of prac-
tice (Galluci, Coburn 2001), local policy (Spillane, 1999; 
Desimone, 2013), opportunities for professional devel-
opment (Coburn, 2001; Klieger & Yakobovitch, 2012), 
and teachers’ conceptions of accountability (Louis et al., 
2005). These studies assert that study of reform without 
consideration of individual sensemaking will be missing a 
critical component to understanding the process.

NGSS implementation and teachers
To date, no study has examined the role of the represen-
tation of reforms and teacher cognition as it relates to 
NGSS implementation. However, several studies have 
dealt more broadly with teacher sensemaking related to 
the standards and the contextual factors that influence 
this process. Smith and Nadelson (2017) examined teach-
ers’ perceptions of alignment when implementing NGSS 
based instruction, with a particular focus on the science 
and engineering practices (SEPs). As a sensemaking 
model predicts, they found that teachers attended to cer-
tain SEPs more than others, and implementation of prac-
tices were related to individual beliefs regarding science 
teaching and learning. Similarly, others have found that 
teachers engage less in modeling, investigation, and argu-
ment (Hayes et al., 2016), and have difficulty incorporat-
ing engineering as called for in the NGSS (Richmond et 
al., 2016; Sherwood, 2020) gives a clear demonstration of 
the role of cognition in teachers’ attempts to implement 
the NGSS through examination of pre and post drawings 
illustrating teachers’ conceptions of changes in teaching 
practice after NGSS professional development. She notes 

that teachers have difficulty operationalizing the NGSS in 
practice due to ambiguity when integrating new and old 
ideas about teaching and may perceive reforms as simi-
lar enough to result in a “business as usual” approach (p. 
592). While the Sherwood (2020) study focused on the 
nature of teacher knowledge, our theoretical frame draws 
attention to the role of representations of reform pre-
sented to teachers during professional development that 
resulted in difficulties differentiating new ideas from old. 
This lens has yet to be examined and discussed.

Others have noted that teachers do, in fact, make differ-
ing interpretations of NGSS reforms as they learn about 
the standards. Kawasaki and Sandoval (2020) found that 
teachers revising their lessons to align the with standards 
adopted differing instructional strategies with those les-
sons, often misaligned with the intent of the NGSS. Allen 
and Penuel (2015) note that teachers may enact their 
learning from NGSS professional development differ-
ently as they return to their home schools and experience 
a lack of coherence and ambiguity between those sites. 
Additionally, local learning communities can play a part 
in teachers’ sensemaking around the standards as they 
negotiate meaning together and are influenced by local 
tools and language (Friedrichsen & Barnett, 2018). Even 
within a single district, Cherbow et al. (2020) found that 
each school in their study “faced significant vertical inco-
herence concerning the goals for adoption of reform sci-
ence standards” and that this incoherence contributed to 
differing interpretations of NGSS reforms among teach-
ers and administrators (p. 466). Similarly, in studying the 
sensemaking of district science coordinators around the 
NGSS, Haverly et al. (2022) found three distinct themes 
in their understanding of science reform which were 
impacted by local contextual factors like involvement 
in professional work groups and participating in profes-
sional networks. These studies demonstrate that study of 
stakeholder sensemaking at each level of implementation 
is critical to understanding how reforms are translated to 
the classroom.

NGSS and alignment
Previous iterations of science standards, like the National 
Science Education Standards (NRC, 1996) or Bench-
marks for Science Literacy (AAAS, 1994), outline content 
standards in the form of lists or short statements. The 
NGSS, however, are written as performance expectations 
describing what students should be able to do at the end 
of instruction. Additionally, the NGSS emphasize three-
dimensional learning requiring students to “operate at 
the intersection of practice, content and connection” and 
require a significant shift in thinking about how the stan-
dards can be used to align curriculum, assessment, and 
teaching (NGSS Lead States, 2013, p. xvi). These changes 
require new processes for thinking about how to translate 
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the standards for use throughout the educational system 
and make defining alignment difficult. From a sensemak-
ing perspective, this change must be considered at all lev-
els of implementation, and particularly for teachers.

Within the research literature there have been numer-
ous methods described for determining alignment to 
the NGSS (Fulmer et al., 2018). Some suggest starting 
with a Performance Expectation (PE), or bundle of PE’s, 
unpacking them into smaller units such as learning goals, 
and using those to build a teaching sequence, storyline, 
or assessment task (Pellegrino, 2014, Krajcik et al., 2014, 
Pruitt, 2014, Harris et al., 2017). Others have focused on 
a single component of the three-dimensional PE’s and 
used that to determine alignment. An alternative method 
involves using the SEPs as a foundation for building a sto-
ryline or as a priority in identifying instruction aligned 
to the NGSS (Hayes et al., 2016; Reiser et al., 2017). The 
Crosscutting Concepts (CCC’s) have also been proposed 
for use in developing NGSS aligned units for instruc-
tion (Fick et al., 2017). In a more holistic approach, other 
researchers have viewed alignment more broadly in terms 
of inclusion of engineering (Moore et al., 2015), integra-
tion of content and practices (Debarger et al., 2017) or by 
examining coherence across grade levels or learning pro-
gressions (Hermann-Abell & DeBoer, 2018). Tools used 
to determine alignment to the NGSS are often complex 
and qualitative in nature, like PEEC (Achieve, 2017) and 
EQUIP (Achieve, 2016). These lengthy rubrics reflect the 
difficulty and complexity in determining alignment.

As a research community we have regularly studied 
NGSS professional development materials and NGSS 
aligned curricula (Debarger et al., 2017; Allen & Penuel, 
2015; Hayes et al., 2019; Duschl & Bybee, 2014; Tuttle et 
al., 2016), but rarely wider representations that teach-
ers may access and learn from themselves like practitio-
ner literature. To date there is no analysis of this type of 
NGSS reform translation. In this study we use a sense-
making framework to examine messages of NGSS reform 
as conveyed to teachers through practitioner literature, 
with particular focus on what it means to align both 
teaching and instructional materials to the standards.

Methods
To examine the representation of alignment messages 
directed at teachers regarding NGSS reforms, qualita-
tive content analysis (QCA) was employed (Mayring, 
2015). Content analysis is a research technique used to 
make valid inferences from texts, specifically useful for 
comparing similar phenomena as represented in dif-
ferent texts (Krippendorff, 2018). As such, this method 
is well suited for our research questions exploring the 
representation of NGSS alignment messages within 
practitioner literature. QCA was selected as this method-
ology allows for use of both quantitative and qualitative 

representation of textual material, providing an in-depth 
and systematic summary of the content. Additionally, 
QCA outlines a method for both deductive and induc-
tive coding of textual material (Mayring, 2015). This 
was particularly important to our research questions as 
we explored emerging, previously unstudied, messages 
regarding NGSS alignment in practitioner literature.

Sampling
Relevance sampling was used to select the texts included 
in the analysis. Krippendorff (2009) defines this type 
of sampling as “selecting all textual units that contrib-
ute to answering given research questions” (p. 119). As 
the research questions focus on the representation of 
NGSS reforms for teachers in the classroom, we focused 
our analysis on texts written for a teacher audience 
and, within that sample, texts that address the use of 
NGSS for alignment of instructional materials. As such, 
texts selected for analysis included those that: (1) Were 
intended for a practitioner audience and (2) Contained 
material related to alignment of instruction or instruc-
tional materials to the NGSS.

Texts for analysis were identified through a system-
atic search of the literature. The two major educational 
databases EbscoHost and Education Source were used to 
search for literature with the following terms: NGSS and 
Alignment, NGSS and Lessons, NGSS and Assessment, 
and NGSS and Teachers. This search resulted in a total of 
564 articles. Each of these articles were read, in entirety, 
to determine inclusion according to the criteria. Since the 
focus of this study is on messages directed at practitio-
ners, literature directed at a non-practitioner audience, 
such as conference papers, empirical studies, and theo-
retical papers were excluded. The authors exercised their 
judgement to determine the intended audience, research 
or practitioner, for each study. Additionally, literature 
that lacked details related to alignment or use of the 
NGSS in the classroom were also excluded. For example, 
book reviews, news briefs, and articles with no mention 
of the NGSS within the text. Lastly, literature for analysis 
was limited to K-12 instruction, therefore articles outside 
of this range were also excluded. After excluding articles 
that did not meet inclusion criteria and removing dupli-
cates, this process resulted in a total of 185 articles for 
inclusion in the analysis (See Table 1).

Unitizing and coding
Unlike traditional content analysis, which specifies pre-
determined lengths of text for analysis, Qualitative Con-
tent Analysis allows for a broader definition of units 
(Mayring, 2015). This method of unitizing is useful when 
prioritizing the context and meaning of the material, as 
in this study. Therefore, we identified complete ideas or 
messages as the unit of analysis (Seibert & Draper, 2008). 
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A message was defined as a segment of text detailing how 
a teacher should use the NGSS, describing the focus of 
the NGSS, or specifying what component of the stan-
dards the teacher should attend to in terms of alignment 
of instructional materials. These segments ranged in 
length from a single sentence to several sentences. Every 
message fitting this definition was assigned a code. Addi-
tionally, text segments could be given multiple codes if 
they applied to the message. This process of simultaneous 
coding (Saldaña, 2016) allowed for analysis of co-occur-
ring codes and maintenance of the complexity of mes-
sages as they would be read by teachers.

NVIVO, a computer assisted qualitative data analy-
sis software, was used to organize data during coding 
and analysis of all articles. Messages were coded using a 
combination of a priori, or hypothesis (Saldaña, 2016), 
codes and inductively developed codes. A priori codes 
for alignment messages were developed from our pre-
vious review of the research literature related to NGSS 
alignment (Fulmer et al., 2018, Table 2). When a message 
did not fit an apriori code, new codes were developed to 
characterize the text. Emergent codes were developed 
and tested iteratively throughout the coding process 

using a constant comparative method (Corbin & Strauss, 
1990; Miles et al., 2020). For example, during coding we 
found that many articles referred to engaging in practices 
as a key reform idea within the NGSS. This code was 
added to capture this message within the practitioner lit-
erature. These inductive codes will be discussed further 
in the findings as they may indicate differences between 
conceptions of alignment between.

literature aimed at the research community versus what 
is conveyed in practitioner literature to teachers.

Second cycle coding (Miles et al., 2020) was performed 
after the first round of coding to collapse codes into a 
smaller number of analytic units and themes. For exam-
ple, during the first round of coding there were two sepa-
rate codes for coherence and learning progression. During 
second cycle coding, these two codes were determined to 
be similar enough to be combined into one category and 
given the code learning progression.

Analysis
Secondary analysis of coded messages was performed 
iteratively throughout the coding process through ana-
lytic memo writing (Glesne, 2016a, b). These memos 
noted emerging patterns noticed by the primary 
researcher, patterns to explore further, and further detail 
on noted unique cases within the analysis.

After second cycle coding, a code frequency table 
(Miles et al., 2020) was used to determine the prevalence 
of the various alignment messages within the literature. 
The most frequent codes were analyzed individually to 
further define patterns and meaning within those mes-
sages. Using NVIVO, all text assigned a particular code 
was, first, analyzed for themes by looking across each 
code for patterns. Analysis was grounded in the sense-
making framework for reform implementation (Spill-
ane et al., 2002). As such, the researcher paid particular 
attention to the language used within the messages, defi-
nitions, elaborations on reform ideas, explicit similarities 
and differences and representational form of the mes-
sages (tables, figures, narrative writing etc.). Spillane et al. 
(2002) assert that these factors are particularly relevant 
to teacher sensemaking as individuals with the policy lit-
erature to make sense of NGSS reforms, and therefore 
guided the analysis of coded messages.

Trustworthiness and dependability
As a primarily qualitative study, the reliability and valid-
ity concerns of this study are of a qualitative nature and, 
therefore, we conceptualize these in terms of depend-
ability (Merriam & Tisdell, 2015) and trustworthiness 
(Glesne, 2016a, b). First, we acknowledge the interpre-
tative nature of this study, recognizing that the findings 
represent one interpretation of the body of NGSS align-
ment messages aimed at teachers. However, in reporting 

Table 1  Literature Search Terms and Number of Articles Meeting 
Inclusion Criteria
Search Terms Number of Articles: 

Initial Search
Number 
of Articles 
included

NGSS and Alignment 25 6

NGSS and Lessons 87 48

NGSS and Teachers 377 117

NGSS and Assessment 57 14

Totals 512 185

Table 2   A priori Alignment Codes from Literature Review (Fulmer 
et al., 2018)
Code Description
PE Performance Expectations used as the 

referent for alignment

SEP Focus of alignment of material is the 
science and engineering practices

CCC Cross Cutting Concept is used as the 
referent for alignment

DCI Scientific content or DCI is used as the 
referent for alignment

Bundle PEs Multiple PEs are grouped together as 
the referent for alignment

Phenomena Focus Focus involves an anchoring 
phenomenon

Integration Focus Focus on integration of two or 
more: PE, SEP, CCC or DCI

Learning Progression Focus of alignment of materials is a 
research-based progression of content

Engineering or Design Focus of alignment is inclusion of 
engineering or design
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our methods, codes, and findings with detail and rich 
description we contend that this interpretation provides 
a valuable and theoretically sound analysis of the content 
and, further, allow the reader to judge the transferability 
and limitations of the findings. Throughout the study a 
detailed and regular audit trail of procedures, decisions, 
and analytic memos were recorded using NVIVO to 
ensure reliable reporting.

Like many qualitative studies, coding and analysis were 
carried out primarily by the first author, as such reflexiv-
ity and positionality are important considerations when 
interpreting the findings (Glesne, 2016a, b). The first 
author is a white, female, graduate student and former 
secondary science and mathematics teacher. She is a co-
author on the research team’s first publication, a litera-
ture review of NGSS alignment methods (Fulmer et al., 
2018). As such, she has a high level of familiarity with 
current literature on the topic and experience analyzing 
the literature through the relevant theoretical lens. Her 
experience as a secondary teacher also provided insight 
into the potential interpretation and use of practitioner 
literature by teachers.

Finally, peer examination (Merriam & Tisdell, 2015), 
involving regular discussion of findings and codes with 
the co-author regarding the congruency of findings and 
interpretations occurred regularly throughout both the 
coding and analysis processes. These examinations pro-
vided ongoing checks for bias, consistency, and ground-
ing in theory. Throughout analysis we also engaged in 
negative case analysis (Miles et al., 2020) to test our find-
ings and interpretations.

Results
Materials coded
In all, 185 articles were coded and analyzed for alignment 
messages. These articles came from a variety of practi-
tioner journals (see Fig. 1), but the majority (85%) came 
from four journals: The Science Teacher, The American 

Biology Teacher, Science Scope and Science and Chil-
dren. The Science Teacher is published by the National 
Science Teachers Association (NSTA) and is written for 
“grade 9–12 teachers, university faculty responsible for 
teacher preparation, and state and district science super-
visors and leaders” (NSTA, n.d.). The American Biology 
Teacher is published by the National Association of Biol-
ogy Teachers (NABT) and is “designed to support the 
teaching of K-16 biology and life science” (NABT, n.d.). 
Science Scope is published by the NSTA and designed 
for the audience of middle level and junior high school 
science teachers. Lastly, Science and Children, also pub-
lished by the NSTA, is written for the elementary-level 
science teachers. This indicates that the sample of articles 
analyzed includes articles intended for a range of sub-
jects and grade levels, although may be weighted to the 
9-12th grade practitioner audience. Since the sample was 
selected from all available practitioner literature, this may 
also indicate a greater number of practitioner articles 
regarding the NGSS for this audience. Further study of 
both frequency and if the messages differ between the 
elementary and secondary level may be valuable for the 
research community.

Articles for analysis were selected in May of 2020. The 
articles ranged in publication date from 2012 to 2013, 
consistent with the publication of the NGSS in 2013 
(NGSS Lead States, 2013) (Fig.  2). The most articles 
(24%) were published in 2014, directly after the writing of 
the NGSS and has dropped significantly since, with less 
than half of that amount in 2017–2018.

Alignment messages
Alignment messages in the practitioner literature were 
characterized in two categories: mention of a specific 
component of the standards (PE, DCI, SEP, CCC) or 
broader conceptualizations of alignment to NGSS reform 
ideas (Integration, Learning Progression, Engineering 
etc.). For each of these, a quantitative measure of their 
prevalence as coded will be given alongside a qualitative 
discussion of how these alignment messages are repre-
sented and defined in this body of literature.

Fig. 2  Number of Articles Analyzed by Year of Publication (n = 185)

 

Fig. 1  Number of Articles Analyzed by Journal Title (n = 185)
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Alignment to NGSS dimensions
Articles were coded for each use of a specific dimension 
of the NGSS standards for alignment. These codes were 
derived from our previous review of the literature (Ful-
mer et al., 2018) and include using a single PE to align 
materials, bundling more than one PE, or using one of 
the three dimensions for alignment: SEP, DCI or CCC. 
Definitions and examples for these the primary codes 
are included in Table 3. Additionally, while analyzing the 
literature we found some articles used combinations of 
these dimensions for aligning material by focusing on two 
of the dimensions (CCC and SEP, CCC and DCI). Other 
unique cases included combining more than one SEP or 
DCI and referring to all three dimensions (SEP, DCI and 
CCC) without mention of a specific PE. Lastly, one article 
used evidence statements, and another learning perfor-
mances as referents for alignment and are included to 
highlight these unique approaches.

As in the research literature, we see the three-dimen-
sional standards used in varying ways to demonstrate 
alignment to the NGSS. Not surprisingly, use of a perfor-
mance expectation as a single PE or a bundle of PEs were 
most frequently used for alignment. This is consistent 
with a review of the research literature recommending 

use of PEs for alignment (Krajcik et al., 2014; NGSS Lead 
States, 2013). PE or bundle of PEs was coded together 
133 times, or 48% of the alignment codes compared to 
the rest (See Fig. 3).

The third most frequent referent for alignment coded 
for was a single SEP. These articles referenced alignment 
to the NGSS in terms of inclusion or focus on a single sci-
ence and engineering practice within the instructional 
material. We further coded these messages according to 
the SEP specified and found the SEPs were not equally 
referenced. Engaging in argument from evidence was 
aligned to the most, while asking questions and defin-
ing problems was aligned to the least of the eight (See 
Table 4). One of the articles providing examples of activi-
ties aligned by a single science practice, McNeill et al. 
(2015), also provides a framework for grouping these 
practices by investigating, sensemaking, and critiquing 
practices. Interestingly, our frequencies align with this 
grouping, indicating that instructional materials focus-
ing on single science practices most often referenced the 
critiquing practices (argument and evaluating informa-
tion), followed by the sensemaking practices (models and 
constructing explanations), and least often the investigat-
ing practices (computational thinking and asking ques-
tions). This may indicate a shift in instructional materials 
toward focus on those sensemaking and critiquing prac-
tices coinciding with the introduction of the NGSS.

Table 3  Alignment Referent: Example Codes from the Literature
Code Description Coded Example
PE Performance 

Expectations 
used as the 
referent for 
alignment

Creating a Bird Feeder NGSS Standard Sup-
ported: 2-LS4-1. Make observations of plants 
and animals to compare the diversity of life 
in different habitats.” (Kalenda et al., 2020, 
p. 29)

SEP Focus of 
alignment of 
material is the 
science and 
engineering 
practices

The primary learning outcome of the Bird 
Box Survey Project was to increase student 
knowledge, awareness, understanding, and 
application of the science inquiry process…
and the scientific practice of planning and 
carrying out investigations” (Willis, 2014, p. 
40)

CCC Cross Cutting 
Concept is 
used as the 
referent for 
alignment

“As students undertake this review, they 
naturally begin to connect many crosscut-
ting concepts identified by the NGSS. These 
include learning about spiders’ forms and 
functions, their niches within the environ-
ment, and the overall complexity and pat-
terns of the natural systems in which they 
live.” (Craven et al., 2019, p 562)

DCI Scientific 
content or DCI 
is used as the 
referent for 
alignment

“The instructional sequence is appropri-
ate for middle school students being 
introduced to the disciplinary core idea 
Organization for Matter and Energy Flow in 
Organisms” (Thompson & Lotter, 2014, p 58)

Bundle 
PEs

Multiple PEs 
are grouped 
together as 
the referent for 
alignment

The Botanical Phylo-Card Game addresses 
several components of Next Generation 
Science Standards such as Inheritance/Varia-
tion in Traits (3-LS3-1, HS-LS3-1, HS-LS4-2) 
and Natural Selection/Evolution (MS-LS4-2, 
HS-LS4-1) (Gibson & Cooper, 2017, p. 241)

Table 4  Single SEPs used for Alignment in Practitioner Literature
Science and Engineering Practice Num-

ber of 
Codes

Engaging in argument from evidence 13

Obtaining, evaluating, and communicating information 7

Developing and using models 7

Constructing explanations and designing solutions 7

Analyzing and interpreting data 4

Using mathematics and computational thinking 4

Asking questions and defining problems 2

Fig. 3  Alignment Code Frequency (number of messages coded)

 



Page 8 of 18Tanas et al. Disciplinary and Interdisciplinary Science Education Research             (2023) 5:5 

Messages coded as alignment to multiple SEPs listed 
more than one specific practice or generally referred to 
alignment to the NGSS practices. For example, “the proj-
ect aligns with all eight of the science and engineering 
practices (SEP) embodied in the Next Generation Science 
Standards” (Ortolano et al., 2017, p. 53) or “this investiga-
tion incorporates the Next Generation Science Standards 
high-leverage practices of scientific modeling and argu-
mentation” (Williams et al., 2018). Single SEP or multiple 
SEPs as referents when combined were coded a total of 
84 times, equal to the highest referent: single PE. This 
indicates that the science practices, either individually or 
collectively, are one of the most common referents pre-
sented to practitioners for demonstrating alignment of 
instructional materials to the NGSS.

Materials coded as using a DCI or multiple DCIs for 
alignment focused on the subject-matter core ideas 
often listing the disciplinary code (LS, PS, ES, ETS), 
core-idea (1,2,3 etc.) and sub-idea (A, B, C, etc.). For 
example, “these activities correlate with disciplinary 
core idea ETS1.B: Developing possible solutions” (Ziss-
man, 2013, p. 72) or more broadly as in, “these goals align 
with various disciplinary core ideas from NGSS, includ-
ing Structure and Properties of Matter, Definitions of 
Energy, Conservation of Energy and Energy Transfer, and 

Relationship Between Energy and Forces” (Stroupe & 
Kramer, 2014, p. 72).

Broad focus for NGSS alignment
In addition to calling for alignment to a specific stan-
dard or component of a standard, NGSS policy docu-
ments also call for broader changes to curriculum and 
pedagogy that may be used to judge alignment to the 
standards. Therefore, we also coded for instances where 
alignment to the NGSS was described or judged in terms 
of broader reform ideas associated with the standards. 
Within the practitioner literature reviewed, we found five 
reform ideas used most frequently as indicators of align-
ment to the NGSS. These include integration of content 
and practices, inclusion of engineering or design, use of 
phenomena, learning progressions, and engaging in sci-
ence practices (See Table 5). Four of these were a priori 
codes from our review of research literature (Fulmer et 
al., 2018), while engaging in science practices or “Doing 
Science” was an emerging code developed during coding 
and analysis. For each of these codes, we will discuss the 
nature of the reform ideas as represented in practitioner 
literature with specific examples.

Two less frequently coded themes include student-cen-
tered (9) and inquiry (11). However, we find these notable 

Table 5  Alignment to Broader Reform Ideas: Number of Articles Coded
Alignment Code Number of 

Articles
Code Description Example

Engaging in Science 
Practices or “Doing 
Science”

42 Engaging in science 
practices or doing sci-
ence as an emphasis 
of the NGSS

A major modification to the lesson that is different from the common version is that 
students are encouraged to think and act like a scientist/engineer to build and test 
their own models rather than following existing step-by-step procedures. (Lawrence 
et al., 2016)

Integration 39 Integration (or syn-
onym) as an emphasis 
of the NGSS

Furthermore, our approach successfully integrates the three domains of the NGSS: the 
practice of science, the cross-cutting concepts, and the disciplinary core ideas. One 
of the goals of the NGSS is to help students see beyond disciplinary boundaries and 
understand the integrated nature of science. (Lubkowitzl, et al., 2017)

Engineering or Design 28 Engineering or Design 
as an emphasis of the 
NGSS

Although working at a molecular level, students are using the same process of design 
thinking that an engineer would apply to the development of a new product. Incor-
porating engineering design throughout the sciences is a central message of the Next 
Generation Science Standards. (Hunter, 2015)

Phenomena Focus 25 Use of a phenomenon 
as an emphasis of the 
NGSS.

My high school students rushed (yes, rushed) into class eager to “figure out” a phe-
nomenon in the news—the death of a vibrant young high school football player in 
Georgia who died from drinking too much water.  That snapshot moment represents 
what my students and I have become: a Next Generation Science Standards classroom.
(Shelton, 2015)

Learning Progression 14 Progression of con-
cepts as an emphasis 
of the NGSS

This unit, which aligns with the Next Generation Science Standards (NGSS Lead States 
2013), is based on research into learning progressions, defined as “descriptions of the 
successively more sophisticated ways of thinking… as children…investigate a topic 
over a broad span of time” (NRC, 2007, p. 19). (Johnson & Dodson, 2016)

Inquiry 11 Inquiry as an empha-
sis of the NGSS

In this inquiry-based module, students are exposed to numerous learning outcomes 
expressed in the NGSS Understandings about the Nature of Science, including both 
crosscutting concepts and practices associated with Understanding the Nature of Sci-
ence (NGSS Lead States, 2013). (Deffit et al., 2017)

Student-Centered 9 Student-centered 
learning, or student as 
authority, as an em-
phasis of the NGSS

The Next Generation Science Standards (NGSS) put an emphasis on science and engi-
neering practices while also focusing on student-centered activities and the involve-
ment of inquiry in our lessons (NGSS Lead States, 2013). (Goode, 2019)
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and worth discussing as they are both ideas more closely 
associated with previous science education reforms and 
may, from a sensemaking perspective, indicate ongoing 
negotiation of relationships between, or definitions of, 
new and old science reform concepts.

Engaging in science practices or “Doing Science”
After the second round of analysis, these two codes were 
combined and are reported together due to their similar-
ity in content. 42 articles referenced engaging in science 
practices or “doing science” as a key conceptual shift of 
the NGSS. Of the two, the most frequently coded was 
that the NGSS require students to engage in science and 
engineering practices. Within these articles, the SEPs 
themselves were directly defined as what scientists do 
(Puttick & Drayton, 2017) and “an attempt to capture the 
essence of how the scientific community works to gen-
erate knowledge” (Duncan & Cavera, 2015, p. 70). More 
often, however, engaging in science practice was defined 
by contrast, or emphasizing changes from previous itera-
tions of science education reform. Engaging in prac-
tices was contrasted with teaching about science (Huff, 
2016), following a set of scientific processes (Curran et 
al., 2016), repeating steps predetermined by the teacher 
(Stroupe & Kramer, 2014), memorization of facts (Joyner 
& Marshall, 2016), learning facts or content (Tuttle et al., 
2014; Passmore 2015), and stating what students should 
know (Fink, 2014).

Analysis of these articles also reveal the rationales 
directed at teachers for engaging in science practices as 
a focus of the NGSS. The most frequent rationale dealt 
with the use of science and engineering practices for sen-
semaking, learning or developing knowledge (Curran et 
al., 2016; Potter et al., 2016; Quinlan, 2019; Stroupe & 
Kramer, 2014; Lawrence et al., 2016; West et al., 2015). 
Authors also stated that students should engage in sci-
ence practices to develop understanding of what scien-
tists do (West et al., 2015; Deffit et al., 2017; Harmon et 
al., 2019), gain an appreciation for science and engineer-
ing (Ewing, 2015), clarify relevance of science to every-
day life and increase engagement (Stuart et al., 2017), and 
prepare for college career and citizenship (Bokor et al., 
2015).

When describing what scientists do, the authors 
referred broadly to science practices, but also specified 
engaging in investigation (Yochum et al., 2013; Puttick 
& Drayton, 2017), testing models (Lawrence et al., 2016), 
generate hypotheses (Duncan & Cavera, 2015), answer 
questions and solve problems (Ewing, 2015), analyze 
data (Bouwma-Gearhart & Bouwma, 2015), and com-
municating ideas (Passmore, 2015). As use inclusion of 
the SEPs and use of the term practices is a novel aspect 
of the NGSS, how these terms are represented in the 
practitioner literature and differentiated from previous 

reforms will be critical to understand. From this analy-
sis, it appears there is still some ambiguity around what 
it means to engage in science practices or “do science” 
according to the NGSS.

Integration
The second most common broad focus code for NGSS 
alignment was integration. Although integration was 
used frequently as an indicator of alignment to the stan-
dards, both what was to be integrated and how integra-
tion was defined varied in practitioner literature.

An elaborated explanation of integration was given 
in only two of the 185 articles analyzed. In all other 
instances integration was used without definition outside 
of stating what was to be integrated. A definition may 
be inferred by several synonyms related to integration 
within the literature. Integration was used synonymously 
with “blending” or “blend” (Krajcik,  2013, 2014;  Put-
tick & Drayton, 2017), “couple” (Passmore, 2015), “teach 
alongside” (Gould et al., 2014), “woven together” or 
“interweave” (Lauren et al., 2016; Schatz & Fraknoi, 2017; 
Passmore et al., 2013), and “use collectively,” among oth-
ers (Fumagalli, 2016). Although these synonyms give a 
sense that multiple components of the standards must be 
used together, how this is operationalized both pedagogi-
cally in the classroom, and within instructional materi-
als is left largely unexplained in this set of practitioner 
literature.

What was to be integrated was also highly variable 
across the literature. Most frequently called for was inte-
gration of “three dimensions” or specific reference to 
integration of CCC, DCI and SEPs (too many to cite or 
add quantify). However, integration was also used to refer 
to just two of the three dimensions; DCI and SEP (Kra-
jcik, 2013), CCCs and single SEP (Haines et al., 2017), 
and “content ideas and crosscutting concepts” (Gould et 
al., 2014). More broadly, others describe integration of 
“content and practice” (Passmore et al., 2013; Huff, 2016) 
or “knowledge and practice” (Talanquer, 2019). Addition-
ally, others noted that the NGSS “call for the integration 
of science and engineering” (West et al., 2015; Turgeon, 
2014), “real-world” integration (McConnell & Dickerson, 
2014), and integration of multiple performance expecta-
tions (Concannon & Brown, 2017).

Only two articles elaborate on the how and why of inte-
gration. Houseal (2015) uses a Venn diagram to illustrate 
how all three dimensions integrate within a PE, empha-
sizing that integration occurs if “at least one activity 
within the entire lesson or summative assessment will 
map in the center (PE)” (Houseal, 2015, p. 61). Cian 
(2019) develops an embedded model where individual 
tasks for each dimension are nested within each other, 
gradually building to assessment of each with attention 
to relationships between dimensions (p. 47). The relative 
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paucity of explicit guidance on how and why to inte-
grate NGSS dimensions contrasts with the relatively high 
number of articles that introduce integration. This may 
inadvertently signal to teachers that they should have an 
awareness of integration but that its practical implemen-
tation is somehow beyond them or reserved for estab-
lished experts.

Engineering or design
Incorporation of engineering or design within science 
lessons was seen as a focus of the NGSS in 28 of the prac-
titioner articles. These authors highlighted the inclusion 
of engineering as a novel aspect of NGSS as Willard et al. 
(2012) state, “one new aspect of NGSS is the inclusion of 
engineering as a core idea alongside life, earth, and physi-
cal science” (p. 37). In fact, three of these articles focused 
specifically on adapting or developing instructional mate-
rials with engineering in mind (Whitworth & Wheeler, 
2017; Boesdorfer & Greenhalgh, 2014; Westfall, 2015) 
conceptualizes the inclusion of engineering as “not much 
different from what…most teachers have been doing in 
science classrooms for years” requiring “small but effec-
tive changes” to incorporate engineering (p. 34). In con-
trast, Whitworth and Wheeler (2017) focus on “designing 
a solution to a problem under constraints without step-
by-step instructions” as an explicit definition of engineer-
ing within instruction (p. 26). Elsewhere in these coded 
articles, engineering was defined by the process of design 
or design cycle (Boesdorfer & Greenhalgh, 2014), as the 
SEP constructing explanations and designing solutions 
termed the “engineering practice” (Moyer & Everett, 
2013, p. 80), or as solving problems (Brown et al., 2014; 
West et al., 2015) explicitly describe the components of 
engineering design as described in NGSS Appendix I in 
outlining how engineering should be incorporated in a 
classroom activity: defining the problem, designing solu-
tions, and optimizing the design solution (p. 65). Defin-
ing what engineering looks like when incorporated in 
instructional materials is an ongoing challenge for the 
research community.

Of the articles describing instructional materi-
als aligned to the NGSS for this code, there were seven 
articles aligning to engineering standards (ETS) alone 
for alignment and seven incorporated engineering stan-
dards alongside other disciplinary content standards (LS, 
PS, or ES). This indicates that inclusion of engineering is 
being translated in various ways, including explicit use of 
engineering standards as well as broader conceptions of 
engineering processes or design. The other articles coded 
to this category did not explicitly align to a PE, but when 
describing how their materials aligned to the NGSS they 
highlighted the inclusion of engineering or design.

Phenomena focus
25 articles were coded as pointing to phenomena as a 
focus for alignment to the NGSS. In describing the use 
of phenomena as central to the NGSS, these articles state 
that students should make sense of phenomena (6) or 
explain phenomena (8). Use of phenomena was associ-
ated with use of a driving or open-ended question in five 
of the articles. Rationale for phenomena use and detail on 
defining and using a phenomenon was limited in the lit-
erature. Four articles used the term anchor phenomena, 
suggesting the phenomena should ground or lead a les-
son or unit. While others more specifically stated to “lead 
with a new initial phenomenon” when adapting mate-
rials to align to the NGSS (Forsythe, 2018, p. 74). Only 
two articles directly define phenomena, both centered on 
teaching phenomena (Like et al., 2019) and phenomena-
based teaching (Hancock & Lee, 2018; Like et al., 2019) 
defines phenomena as, “observable or natural events” (p. 
152) and Hancock and Lee (2018) as “objects and events 
that can be observed and/or measured” (p. 44). Others 
described the type of phenomena that should be used 
including scientifically rich (Campbell et al., 2013), and 
familiar to students (Madden et al., 2014). Two articles 
gave rationale for their choice of phenomena. Turley et 
al. (2016) states that an anchoring phenomenon should 
be “chosen to spark questions” (p. 36). Hancock and Lee 
(2018) describe steps for adapting lessons for phenom-
ena-based teaching and suggest choosing a phenomenon 
that relates directly to the PEs for the unit and one that is 
“complex” and “piques student interest” (p. 44). The fre-
quency of this code indicates that phenomena is seen as 
a central reform idea of the NGSS, however the practitio-
ner literature varies in describing the rationale for use of 
phenomena and in the language used to describe the role 
of phenomena in instruction.

Learning progression
15 articles noted learning progression as broader reform 
idea indicating alignment to the NGSS. For example, 
Johnson and Dodson (2016) state, “this unit, which 
aligns with the Next Generation Science Standards, is 
based on research into learning progressions, defined 
as descriptions of the successively more sophisticated 
ways of thinking…as children…investigate a topic over a 
broad span of time” (p. 54). In addition to explicit refer-
ence to learning progressions, others described learning 
progressions as purposefully building (Krajcik, 2013), “a 
continuum of exposure” (Bryce et al., 2016, p. 38), and a 
series of coherent activities (Edwards et al., 2020). Addi-
tionally, references to learning progressions were linked 
to both consideration of development (Mohl et al., 2016) 
and grade-appropriate content (Ewing, 2015; Fink, 2014). 
Only one article elaborated on how learning progressions 
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are developed using research and “longitudinal studies” 
(Parker et al., 2015, p. 233).

Inquiry and student-centered
These two codes were associated with NGSS alignment 
in 11 and nine articles, respectively. We found these 
valuable to note because they are reform ideas that have 
been associated with former science standards docu-
ments like the National Science Education Standards and 
Benchmarks for reform (NRC, 1996; AAAS, 1993). From 
the perspective of a sensemaking framework for imple-
mentation of reform, it may be particularly important 
to explore how previous reform ideas are differentiated 
from new reforms or how ideas may be perceived as simi-
lar and not requiring change on the part of individuals 
(Spillane et al., 2002). The codes for inquiry largely com-
posed of referring to NGSS aligned lessons as inquiry 
based. Some authors used more specific language like 
modeling-based inquiry (Bouwma-Gearhart & Bouwma, 
2015). Student-centered was connected to descriptions 
of students using the SEPs and change in students’ role 
from passive to active in their learning as a key of the 
NGSS. In one case these two co-occurred: “the NGSS 
put an emphasis on science and engineering practices 
while also focusing on student centered activities and the 
involvement of inquiry in our lessons” (Goode, 2019, p. 
340). Again, the appearance of these terms along other 
NGSs terminology like the SEPs may be problematic for 
teachers who may not know how to differentiate between 
enactment of the SEPs as intended by the authors of the 
NGSS versus inquiry and student-centered teaching from 
previous reforms.

Elaboration and representations of alignment
As we coded for alignment referent, we also noted arti-
cles where the authors elaborated on processes or con-
siderations for how to align materials to the standards, 
outside of simply listing a PE or standard dimension for 
alignment. This exploration was grounded in our sense-
making framework for policy implementation asserting 
that external representations are critical to the sensemak-
ing process for individuals (Spillane et al., 2002). As such, 
design features of documents communicating policy, in 
this case practitioner literature, are pertinent to exam-
ine in relationship to how they may afford or constrain 
individual sensemaking (Greeno, 1998). Considering this, 
we noted articles that elaborated on the alignment pro-
cess, showed explicit connection between instructional 
materials and the standards, or provided tools for align-
ment of instructional materials. In doing so we attended 
to both the content of the material as well as the form in 
which the information was presented. These elaborations 
detailing how to align materials to the standards took 
three general forms: tables, explicit steps or checklists, 

and rubrics. We highlight the characteristics of each type 
of representations with examples below.

The most common form of representation communi-
cating a detail on how instructional material was aligned 
to the NGSS was a table listing how each dimension of 
the NGSS (DCI, SEP, CCC) maps to the instructional 
material. The detail of how the material mapped to each 
of the dimensions varied in detail from a simple lesson 
number or title (Ortolano et al., 2017) to more descrip-
tive “connections to classroom activity” (Lottero-Per-
due et al., 2015). Additionally, authors described either 
student tasks (Cochrane, 2014), assessment questions 
(Furtak & Heredia, 2016), or subject matter content (Sul-
tany & Bixby, 2016). As such, communicated alignment 
between the standard and the instructional material can 
vary in level of detail, grain size for alignment (whole les-
son, versus individual question for example), and how 
the alignment is made (student action, scientific content, 
lesson activity, or assessment question). This is impor-
tant for the research community to note and consider in 
the design of representations intended to scaffold these 
alignment connections. Future research may examine 
the affordances and constraints of each of these in terms 
of teacher learning, particularly considering situational 
factors like the purpose and audience of the material in 
determining how and what to represent when illustrat-
ing alignment of instructional materials. Additionally, 
it is valuable to note that nearly all of the tables pro-
vided space for connection to each dimension separately 
(DCI, SEP, CCC), which warrants further exploration of 
how this may constrain demonstration of the integra-
tion of dimensions as an important component of align-
ment. Further, the primary alignment code recorded in 
instructional materials in this body of practitioner lit-
erature was to a PE, or bundle of PEs, while elaboration 
on the connection to instructional materials via PE was 
rarely demonstrated. This brought us to consider, how do 
we represent alignment to a PE if not by separating the 
dimensions into DCI, SEP and CCC?

Other authors represented alignment to the NGSS 
with explicit steps or checklists. Veal and Sneed (2014) 
provide a checklist of questions to determine if a lesson 
meets the NGSS, narrowing alignment down to six yes or 
no questions to consider. Similarly, but narrowed to the 
engineering focus of the NGSS, Whitworth and Wheeler 
(2017) provide a self-check table to determine “is it engi-
neering or not?” (p. 26). Hancock and Lee (2018) focus 
on the phenomena driven component of NGSS reform, 
detailing steps for “purposefully repurposing” existing 
activities to become phenomena-based (p.43) and For-
sythe (2018) provide steps to modify 5E inquiry lessons 
to be more practice focused. Uniquely, Houseal (2015) 
uses a visual representation of alignment through a Venn 
diagram and instructs teachers to map (somewhat of a 
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visual checklist) their lesson to the NGSS, examining if 
it incorporates each dimension and an integration of all 
dimensions. In contrast to checking if previous material 
aligns to the standards, others provide explicit steps for 
developing materials aligned to the standards. German 
(2017a, b) provides a step-by-step process for construct-
ing an NGSS aligned assessment, and Puttick and Dray-
ton (2017) do the same for developing an NGSS-aligned 
curriculum from learning performances. Representing 
alignment with steps or checklists provides teachers with 
explicit process, or how-to, information that is not pres-
ent when illustrating alignment of a final product as in a 
table form.

Rubrics provided another representational form for 
illustrating alignment to the NGSS. These provided finer 
grain detail on levels of student actions that demon-
strate adherence to the standards. For example, instead 
of simply indicating what activity students will do to 
engage in an SEP, McNeill et al. (2015) provide a rubric 
for each of the SEPs detailing student performance from 
level 1 (not present) to level 4 (exemplary). The rubric is 
supplemented in the article with detailed narratives and 
classroom examples to show instructors both activities 
to engage students with an SEP and descriptions of stu-
dent actions that demonstrate competence in the prac-
tice. Complementary, is Cherbow et al.’s (2019) Science 
Practices Lesson Adaptation Resources, a rubric adapted 
to activity for teachers where vignettes of instruction 
can be ranked by according to student engagement with 
the SEPs as they learn what classroom instruction using 
the SEPs should look like. Similarly, Mohl et al. (2016) 
provide a rubric for two CCCs: energy and matter and 
system and system models. The authors assert that the 
rubric should be used for backward planning of instruc-
tion and improved NGSS alignment to the CCCs. Unlike 
previous representations, rubrics demonstrate quality 
of alignment of instruction and instructional materi-
als to the NGSS. Additionally, from a sensemaking per-
spective these tools provide explicit means for teachers 
to attend to the characteristics of reform enactment as 
intended by the authors of the standards and differentiate 
between potential misconceptions or misinterpretation 
of reforms.

Discussion
This content analysis gives a comprehensive overview of 
the current alignment messages to the NGSS as conveyed 
to teachers through practitioner literature. We assert that 
these messages play a critical role in the implementation 
of NGSS in classrooms as teachers construct their own 
understanding of reforms from these representations of 
policy (Spillane et al., 2002). Scholars who study reform 
implementation from a sensemaking perspective claim 
that attention to the representation of reform policies as 

they are conveyed across levels of the educational sys-
tem is imperative to understanding the overall success 
or failure of reforms; particularly, the way in which these 
representations may constrain or afford the sensemaking 
of implementing individuals. In analyzing a representa-
tive body of NGSS practitioner literature we found that 
teachers receive multiple representations of alignment 
messages. Alignment to the dimensions of the standards 
is conveyed primarily by recommending bundling PEs or 
aligning to a single PE. More broadly, alignment is also 
conceptualized through reform concepts like “doing sci-
ence” or engaging in science practices, integration or 
three-dimensionality, incorporation of engineering, or 
use of phenomena, among others.

Using Spillane and colleague’s (2002) framework, we 
will discuss these findings in terms of three essential 
characteristics of policy representation that afford sen-
semaking for reforms, like the NGSS, that require sig-
nificant, fundamental, change in the way practitioners 
think about teaching and learning. Spillane et al. (2002) 
suggest that reforms are represented (a) with clarity and 
coherence, (b) communicate deep underlying principles 
in a way that prevents adoption of superficial aspects 
of reform rather than the deeper ideas intended by the 
authors of policy, and (c) provide a balance between 
general and specific, or abstract and concrete, represen-
tations. We will discuss our findings considering these 
principles with examples from our analysis while making 
connections to current science education research.

Clarity and coherence
Clarity and coherence have long been recognized as 
important aspects of successful educational reform pol-
icy (Cohen & Spillane, 1992; Porter, 1994; Spillane et al., 
2002) note that, “when policy is inconsistent or ambigu-
ous it increases the discretion of implementing agents…
over whether and how to put policy proposals into prac-
tice” (p. 414). Particularly in standards-based reform, 
where reform at a national level is intended to affect 
many other levels (state, district, school) and channels 
in the system (curriculum, assessment, teacher develop-
ment), consistency is critical. From a sensemaking per-
spective, Spillane et al. (2002) focus on how these aspects 
affect individual sensemaking and may contribute to mis-
understanding or misinterpretation of reforms by stake-
holders as they implement them. In our study we found 
both consistency and coherence across the messages in 
the literature in terms of alignment messages, and other 
areas where alignment was defined either ambiguously or 
quite differently across articles.

NGSS dimensions
Our findings show some clarity and coherence around 
the message that the PEs should primarily be used for 
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alignment of instructional materials, either in a bundle 
or one at a time. This was the most frequent method 
used to represent alignment (48% of alignment codes). 
This aligns with the research literature describing steps 
for bundling PEs to develop instructional units (Krajcik 
et al., 2014) and the NGSS itself, which frame the PEs as 
the “clear and specific targets for curriculum, instruction, 
and assessment.” (NGSS Lead States, 2013, p. xxii). Addi-
tionally, there is some coherence, or agreement, on the 
big ideas of NGSS reform in our analysis: engaging in sci-
ence practices, integration, engineering and use of phe-
nomena. Again, we see these themes appear elsewhere in 
the science education research literature, like the align-
ment framework by Lowell et al. (2021) which centers 
four features of the NGSS: phenomena based, three-
dimensional, student epistemic agency, and coherent; 
and EQUIP (Achieve, 2016) which focuses on explaining 
phenomena/designing solutions, three dimensionality, 
and integration.

Definitions of reforms
However, our findings also point to some inconsistency 
and ambiguity when it comes to both prioritizing what 
components of reform should be considered for align-
ment, and in defining what reform terminology means 
in terms of NGSS alignment and implementation. For 
example, in our analysis of the use of integration as a 
measure of alignment to the standards, we found con-
siderable disagreement on both what was integrated, 
and how integration should occur. Integration was used 
to refer to two or three dimensions, but also several 
PEs, real-world integration, and science and engineer-
ing integration. Although the term integration was used 
frequently, how to integrate was left largely unexplored 
in this body of literature–and the few that did elaborate 
on integration presented differing processes (Cian et al., 
2019; Houseal, 2015). Similarly, engineering and phe-
nomena were used to purport alignment to the NGSS 
but were defined variably. How to incorporate engineer-
ing, and what that may look like was answered differently 
throughout this literature. Likewise, use of phenomena 
was frequently used to indicate NGSS alignment, but 
how to select a phenomenon and the purpose or func-
tion of the phenomenon as it relates to instruction were 
described differently throughout. Although these differ-
ences may seem trivial, a sensemaking perspective on 
reform implementation would argue that these ambigui-
ties in definitions and processes may result in differing 
interpretations by teachers as they work to implement 
the standards in their classrooms. Additionally, if we rec-
ognize the key role of teachers in implementing these 
reforms, we must provide clear messaging around reform 
ideas to support teacher understanding.

Not surprisingly, there is disagreement in the research 
community regarding the primary definitions of NGSS 
reform terminology as well. For example, there has been 
ongoing debate as to how the term practice as used in 
the NGSS differs from previous conceptions of inquiry-
based science or hands-on science (Ford, 2015; Furtak & 
Penuel, 2019; Osborne, 2019), and continued discussion 
of how the CCCs should be used in three-dimensional 
learning (Fick & Arias, 2019; Nordine & Lee, 2021), 
among numerous other examples. Further, the discussion 
to identify the core components of NGSS reform is also 
still ongoing. Cherbow et al. (2020) outline four key shift 
in the NGSS: Phenomena-based, Three-dimensional, 
Student epistemic agency, and coherent. Others have 
highlighted key ideas like: Recognize learning progres-
sions, Include engineering design, Address the nature 
of science, and Coordination with language arts and 
mathematics (Bybee, 2014). The research in this content 
analysis points to the need to continue these discussions 
within the research community to engage in defining and 
clarifying these complex reforms amongst us in order to 
present these ideas with clarity and coherence to teachers 
who, despite engaging with NGSS literature or develop-
ment, may still find that the goals of NGSS “remain elu-
sive” (Sherwood, 2020, p. 578).

Representations of reform and teacher sensemaking
Second, Spillane et al. (2002) emphasize that design of 
policy representation must consider the tendency of 
individuals to assimilate superficial aspects of reform, 
or those that may involve minimal changes to an indi-
vidual’s current thinking and teaching practice. We see 
this reflected in implementation studies (Haug, 1999; 
Hill, 2001; Spillane & Zeuli, 1999), and these findings 
align with cognitive research that shows individuals are 
more likely to both notice and assimilate ideas that fit 
with their current mental models or ideas (Smith et al., 
1994). In terms of policy design the authors recommend 
that representations explicitly support teachers “looking 
beneath the surface” through juxtaposing ideas, thicker 
descriptions of behavior changes, and consideration 
of prior knowledge (Spillane et al., 2002, p. 417). With 
this lens, we examined our findings to see how current 
representations of NGSS alignment messages fit these 
recommendations.

One way these principles are visible in this body of 
NGSS policy representation is through explicit contrast 
of NGSS reforms with previous iterations of science edu-
cation reform, or potential misinterpretation of reform 
terminology. For example, in defining what it means to 
engage in science practices, some authors emphasized 
what this type of engagement does not look like: repeat-
ing steps predetermined by the teacher, memorization 
of facts, or following scientific procedures (Curran et 
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al., 2016; Stroupe & Kramer, 2014; Joyner & Marshall, 
2016). This approach, when used intentionally, directly 
addresses potential misconceptions and considers that 
teachers may have to differentiate NGSS reforms from 
previous understandings of similar ideas like scientific 
inquiry or the scientific method. Cherbow et al. (2019) 
couple this approach of explicit contrast along with pro-
viding thicker descriptions in their NGSS Lesson Adap-
tations resources. These resources provide teachers 
with four descriptions of lesson adaptations designed 
for teachers to read and compare along a continuum of 
SEP implementation. The lessons are intentionally writ-
ten to spark discussion among groups of teachers as to 
what successful SEP implementation looks like, within 
lesson plans and in the classroom, through comparison 
along a continuum of levels from one to four. This type of 
policy representation affords teachers the opportunity to 
look beneath the surface at the deeper aspects of reform 
by contrasting what successful reform does and does not 
look like and by providing thicker description through 
classroom vignettes and narratives. How could this type 
of design be used to further teacher’s deeper understand-
ing of other reform concepts like incorporation engineer-
ing, use of phenomena, or three-dimensional learning? 
Within the research literature, Furtak and Penuel (2019) 
have taken a similar approach which they describe as 
“building a bridge to current reforms” (p. 173) with sci-
ence practices, phenomena, and engineering by discuss-
ing their current framing in light of previous conceptions 
of reform. A sensemaking perspective would encour-
age translation of this approach in communicating with 
stakeholders at all levels of the educational system.

Balancing the general and the specific
Related, is Spillane and colleagues (2002) last recom-
mendation that policy finds a balance between the gen-
eral and specific when conveying reforms. An example of 
a general representation in this body of literature would 
be the use of an NGSS dimension (PE, SEP, DCI, CCC) 
for communicating alignment of a lesson, with no spe-
cific indication of how or why that dimension is related to 
the instructional material. For example, within the prac-
titioner literature it is typical to include a table that lists 
the NGSS PE or dimension that the material is aligned 
to (see Kujawski 2014, p. 44). However, these tables do 
not link the NGSS dimension to any specific activity or 
component of the instructional materials. Some align-
ment tables indicate specific links to student activities 
(see Bubnick et al., 2016, p. 75), providing greater speci-
ficity and allowing the reader to connect the NGSS stan-
dard with how it is operationalized within the material. 
Further study of how these representations may afford or 
constrain teacher sensemaking around alignment to the 
NGSS is warranted. Additionally, the lack of specificity 

around key reform ideas like integration also leave teach-
ers with ambiguity regarding how to operationalize 
reforms. While it is valuable for reform policies to be 
general enough to apply to multiple audiences, lack of 
specificity around key ideas can lead to misunderstand-
ing or misinterpretation.

Again, these same concepts are seen illustrated in cur-
rent science education research as we work to develop 
rubrics, tables, and tools that illustrate alignment to the 
NGSS (Cherbow et al., 2020; Tekkumru-Kisa et al., 2015; 
Achieve 2014). Examining these tools in the context of 
sensemaking as they are understood and implemented 
by practitioners is a valuable research goal and requires 
thinking around appropriate design (representation), 
grain size (unit, lesson, task) and focus of alignment 
(teacher action, student action, instructional material).

Limitations
We identify two potential limitations of this study: the 
scope of the literature and the timeframe of the literature. 
This study examines one group of messages conveyed to 
practitioners regarding what it means to align to the Next 
Generation Science Standards. As such, the data and 
analysis give researchers insight into what messages are 
consistent with NGSS documents and related research 
literature, and what messages that may have been lost or 
changed in translation when directed at teachers. This 
literature focuses on one period of time and additional 
review of articles could reveal changes to these findings, 
particularly during Covid or in light of the concomi-
tant increase in the use of virtual instruction. Addition-
ally, further insight into this process of translation can 
be gained through study of other literature and artifacts 
developed with intent to translate the NGSS to teach-
ers. This includes professional development materials at 
the national and state levels, messages within developed 
curricula, state assessments, and others. We hypothesize 
that, like our study, messages translated from original 
NGSS documents and research literature will change in 
emphasis and interpretation, but there may be differences 
by context and educational level. Integrating the find-
ings from this study with further research can provide 
insight the pathways of NGSS reform implementation as 
they affect science education in the classroom. Integrat-
ing these findings with further study of how teachers’ 
make sense of and operationalize ideas regarding NGSS 
reforms are logical next steps for research.

Conclusion
This content analysis provides a substantial summary 
of the current messages of alignment to the NGSS that 
practitioners may be interacting with. As such, it pro-
vides a window into how NGSS reforms have been rep-
resented to teachers who must grapple with enactment of 
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ambitious and complex ideas like three-dimensionality, 
integration, and use of phenomena in instruction. These 
reforms require teachers to make substantial changes in 
the ways they think about designing instructional materi-
als and teaching practice and, from a sensemaking per-
spective, will require significant learning.

This work has implications for the research community 
engaged in operationalizing the Next Generation Sci-
ence Standards through curriculum, tools, and develop-
ment opportunities for teachers. The findings indicate 
that teachers receive multiple messages regarding what 
it means to align instructional materials to the NGSS 
in terms of both standards components (PE, DCI, SEP, 
CCC) and broader reform ideas (integration, engaging 
in science practices etc.). Additionally, NGSS reforms 
are ill-defined in practitioner literature with few concrete 
examples for teachers to engage with. When elaborated 
examples are provided, they lack consistency across the 
literature (for example in defining integration). As such, 
theoretical frameworks and previous research on SBR 
implementation indicate that NGSS reforms are likely 
to be differentially implemented as teachers make sense 
of and operationalize reforms. Further, without clear 
alignment messaging, teachers may have insufficient 
information to differentiate new reforms from previous 
conceptions of science teaching and learning, perhaps 
attending to superficial aspects of reform and missing 
deeper conceptual shifts intended by policy authors.

As such, we recommend continued discussion toward 
consensus among the research community regarding the 
core components of NGSS reforms. Additionally, each 
of these reforms require clear messaging and examples 
around definitions and how to practically operationalize 
reforms in both instructional materials like lessons and 
assessment. Consideration of how new ideas may differ 
from those teachers have learned about or enacted pre-
viously (including inquiry, student-centered, and others) 
should be addressed and contrasted for teachers. Devel-
opment of materials and experiences to engage teachers 
in deep sensemaking around the ideas, with particular 
focus on differentiating new ideas from previous reforms 
is required.

This analysis provides examples and considerations 
for improvements in the way we represent these reforms 
to teachers with consideration to how they may afford 
or constrain sensemaking. Future research should con-
sider improvements in the way we represent these com-
plex reforms to teachers around the principles of clarity 
and coherence, understanding deeper versus superficial 
aspects, and striking a useful balance between the general 
and specific. Lastly, as this study provides an analysis of 
the representations of reform, further work should exam-
ine teachers’ interpretation of these materials as they 
interact with them, including how teachers understand 

the language of the NGSS, how they conceive alignment 
to the standards, and what materials they develop them-
selves (lesson plans, assessments etc.). Given the central 
role of teachers in enactment of the standards, it is imper-
ative that the research community not only focus on the 
development of instructional materials aligned to the 
standards, but additionally consider the teacher as devel-
oper of materials. In this model, teachers understanding, 
learning, and use of the standards must be studied and 
developed to facilitate successful reform implementation.

Abbreviations
NGSS	� Next Generation Science Standards
SBR	� Standards Based Reform
PE	� Performance Expectation
SEP	� Science and Engineering Practices
CCC	� Cross-cutting concepts
DCI	� Disciplinary Core Ideas

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s43031-023-00073-6.

Supplementary Material 1

Authors’ contributions
JT led the conception of research ideas with guidance from GF. JT collected, 
analyzed, and interpreted data with GF contributing to peer examination of 
findings. JT was the major contributor to the writing of the manuscript. All 
authors read and approved the final manuscript.

Funding
No funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 26 December 2022 / Accepted: 28 March 2023

References
Achieve (2014). State Science Education Standards Comparison Tool (Version 1). 

https://www.nextgenscience.org/sites/default/files/Standards%20Compari-
son%20Tool%20July%201%202014.pdf

Achieve (2016). EQuIP rubric for lessons & units: science (Version 3.0). https://www.
nextgenscience.org/sites/default/files/EQuIPRubricforSciencev3.pdf

Achieve (2017). Primary evaluation of essential criteria (PEEC) for Next Generation 
Science Standards instructional materials design (Version 1.0). https://www.
nextgenscience.org/peec

Allen, C. D., & Penuel, W. R. (2015). Studying Teachers’ sensemaking to Investigate 
Teachers’ responses to Professional Development focused on New Standards. 
J Teach Educ, 66(2), 136–149. https://doi.org/10.1177/0022487114560646.

American Association for the Advancement of Science (AAAS). (1993). Benchmarks 
for science literacy. Oxford University Press.

http://dx.doi.org/10.1186/s43031-023-00073-6
http://dx.doi.org/10.1186/s43031-023-00073-6
https://www.nextgenscience.org/sites/default/files/Standards%20Comparison%20Tool%20July%201%202014.pdf
https://www.nextgenscience.org/sites/default/files/Standards%20Comparison%20Tool%20July%201%202014.pdf
https://www.nextgenscience.org/sites/default/files/EQuIPRubricforSciencev3.pdf
https://www.nextgenscience.org/sites/default/files/EQuIPRubricforSciencev3.pdf
https://www.nextgenscience.org/peec
https://www.nextgenscience.org/peec
http://dx.doi.org/10.1177/0022487114560646


Page 16 of 18Tanas et al. Disciplinary and Interdisciplinary Science Education Research             (2023) 5:5 

Ball, S. J., Maguire, M., Braun, A., & Hoskins, K. (2011). Policy actors: Doing policy 
work in schools. Discourse: Studies in the Cultural Politics of Education, 32(4), 
625–639. https://doi.org/10.1080/01596306.2011.601565.

Banilower, E. R., Smith, P. S., Malzahn, K. A., Plumley, C. L., Gordon, E. M., & Hayes, M. 
L. (2018). Report of the 2018 NSSME+. December, 442.

Boesdorfer, S., & Greenhalgh, S. (2014). Make room for Engineering: Strategies to 
overcome anxieties about adding Engineering to your curriculum. The Sci-
ence Teacher, 81(9), 51.

Bokor, J., Darwiche, H., & Joseph, D. (2015). Using a Simulation to illustrate crosscut-
ting concepts through a Disease Model. American Biology Teacher, 77(6), 
445–451. https://doi.org/10.1525/abt.2015.77.6.445.

Bouwma-Gearhart, J., & Bouwma, A. (2015). Inquiry through modeling: Exploring 
the tensions between natural & sexual selection using crickets. American Biol-
ogy Teacher, 77(2), 128–133. https://doi.org/10.1525/abt.2015.77.2.8.

Brown, S., Newman, C., Dearing-Smith, K., & Smith, S. (2014). Engineering encoun-
ters: Can a student really do what engineers do? Science and Children, 051(09), 
79–86. https://doi.org/10.2505/4/sc14_051_09_79.

Bryce, C. M., Baliga, V. B., Nesnera, K. L., De, Fiack, D., Goetz, K., Tarjan, M., & Wade, … 
Gilbert, G. S. (2016).Exploring Models in the Biology Classroom, 8(1),35–42. 
https://doi.org/10.1525/abt.2016.78.1.35.THE

Bubnick, L., Enneking, K., & Egbers, J. (2016). Designing Healthy Ice Pops. Science 
and Children, 54(1), 70–76.

Bybee, R. W. (2014). The BSCS 5E instructional model: Personal reflections and 
contemporary implications. Science and Children, 51(8), 10–13.

Campbell, D. T., Neilson, D., & Oh, P. S. (2013). Developing and using models in 
physics. The Science Teacher, 080(06), 35–42. https://doi.org/10.2505/4/
tst13_080_06_35.

Cherbow, B. K., McNeill, K., Lowenhaupt, R., & McKinley, M. (2019). NGSS lesson 
adaptations. Science and Children, 56(5), 73–77.

Cherbow, K., McKinley, M. T., McNeill, K. L., & Lowenhaupt, R. (2020). An analysis of 
science instruction for the science practices: Examining coherence across 
system levels and components in current systems of science education in 
K-8 schools. Science Education, 104(3), 446–478. https://doi.org/10.1002/
sce.21573.

Cian, H., Marshall, J., & Cook, M. (2019). Formatively assessing NGSS: Three Models 
of Formative Assessment for addressing NGSS domains. Science Teacher, 
86(6), 44–49.

Coburn, C. E. (2001). Collective sensemaking about reading: How teachers mediate 
reading policy in their professional communities. Educational evaluation and 
policy analysis, 23(2), 145–170.

Coburn, C. E. (2005). Shaping teacher sensemaking: School leaders and the 
enactment of reading policy. Educational Policy, 19(3), 476–509. https://doi.
org/10.1177/0895904805276143.

Coburn, C. E. (2016). What’s policy got to do with it? How the structure-agency 
debate can illuminate policy implementation. American Journal of Education, 
122(3), 465–475. https://doi.org/10.1086/685847.

Cochrane, A. (2014). Building bridges with the NGSS. Science Scope, 38(4), 62.
Cohen, D. K., & Spillane, J. P. (1992). Chapter 1: Policy and practice: The relations 

between governance and instruction. Review of Research in Education, 18(1), 
3–49. https://doi.org/10.3102/0091732X018001003.

Concannon, J., & Brown, P. L. (2017). Windmills by design: Purposeful curriculum 
design to meet Next Generation Science Standards in a 9–12 physics class-
room. Science Activities: Classroom Projects and Curriculum Ideas, 54(1), 1–7. 
https://doi.org/10.1080/00368121.2016.1259979.

Corbin, J. M., & Strauss, A. (1990). Grounded theory research: Procedures, canons, 
and evaluative criteria. Qualitative sociology, 13(1), 3–21.

Craven, K. S., Collier, A., & Hodgson, J. Y. (2019). Spiders by night: An outdoor inves-
tigation integrating Next Generation Science Standards. The American Biology 
Teacher, 81(8), 561–567.

Curran, M. C., Siler, A., & Sherman, M. B. (2016). Do you see what I see? Using Etho-
grams to observe animal behavior. American Biology Teacher, 78(3), 226–232. 
https://doi.org/10.1525/abt.2016.78.3.226.

Debarger, A. H., Penuel, W. R., Moorthy, S., Beauvineau, Y., Kennedy, C. A., & Boscar-
din, C. K. (2017). Investigating Purposeful Science Curriculum Adaptation as a 
strategy to improve teaching and learning. Science Education, 101(1), 66–98. 
https://doi.org/10.1002/sce.21249.

Deffit, S. N., Neff, C., & Kowalski, J. R. (2017). Exploring Caenorhabditis elegans 
Behavior: An Inquiry-Based Laboratory Module for Middle or High School 
Students. American Biology Teacher, 79(8), 661–667. https://doi.org/10.1525/
abt.2017.79.8.661.

Desimone, L. M. (2013). Teacher and Administrator Responses to Standards-Based 
Reform.Teachers College Record, 115(8).

Duncan, R. G., & Cavera, V. L. (2015). DCIs, SEPs, and CCs, oh my!: Understanding the 
three dimensions of the NGSS. The Science Teacher, 82(7), 67.

Duschl, R. A., & Bybee, R. W. (2014). Planning and carrying out investigations: An 
entry to learning and to teacher professional development around NGSS sci-
ence and engineering practices. International Journal of STEM Education, 1(1), 
1–9. https://doi.org/10.1186/s40594-014-0012-6.

Edwards, K., Gotwals, A., & Wright, T. (2020). The Boxcar Challenge Unit. Science and 
Children, 057(05), 47–54. https://doi.org/10.2505/4/sc20_057_05_47.

Ewing, M. (2015). EQuIP-ped for Success A rubric to help implement the Next 
Generation Science Standards. Science and Children, 52(5), 9.

Fick, S. J., & Arias, A. M. (2019). Scaffolding beginning teaching practices: An analy-
sis of the roles played by tools provided to preservice elementary science 
teachers. Sensemaking in Elementary Science (pp. 129–144). Routledge.

Fick, S. J., Arias, A. M., & Baek, J. (2017). Unit planning using the crosscutting con-
cepts. Science Scope, 40(9), 40.

Fink, Jennifer L. W. (2014). Blast off: What the Next Generation Science Standards 
mean for your classroom. Scholastic Instructor, 21-23.

Ford, M. J. (2015). Educational Implications of choosing “Practice” to describe 
Science in the Next Generation Science Standards. Science Education, 99(6), 
1041–1048. https://doi.org/10.1002/sce.21188.

Forsythe, M. (2018). Seeds of practice: How to modify 5E Inquiry Lessons to amplify 
Science and Engineering Practices. Science and Children, 56(1), 74.

Friedrichsen, P. J., & Barnett, E. (2018). Negotiating the meaning of Next Generation 
Science Standards in a secondary biology teacher professional learning com-
munity. Journal of Research in Science Teaching, 55(7), 999–1025. https://doi.
org/10.1002/tea.21472.

Fulmer, G. W., Tanas, J., & Kathleen, A. (2018). Weiss. “The challenges of alignment 
for the Next Generation Science Standards. Journal of Research in Science 
Teaching, 55, 1076–1100.

Fumagalli, M. (2016). Crafting a Masterpiece. The Science Teacher, 83(5), 59.
Furtak, E. M., & Heredia, S. C. (2016). A virtuous cycle. The Science Teacher, 83(2), 36.
Furtak, E. M., & Penuel, W. R. (2019). Coming to terms: Addressing the persistence 

of “hands-on” and other reform terminology in the era of science as practice. 
Science & Education, 103(1), 167–186. https://doi.org/10.1002/sce.21488.

German, S. (2017a). Written assessment in three dimensions. Science Scope, 41(1), 
28–31.

German, S. (2017b). Written assessment in three dimensions. Science Scope, 41(1), 
28–31.

Gibson, J. P., & Cooper, J. T. (2017). Botanical phylo-cards: A tree-thinking game to 
teach plant evolution. The American Biology Teacher, 79(3), 241–244.

Glesne, C. (2016a). Becoming qualitative researchers: An introduction (07458 vol.). 
Upper Saddle River, New Jersey: Pearson. One Lake Street.

Glesne, C. (2016b). Becoming qualitative researchers: An introduction (07458 vol.). 
Upper Saddle River, New Jersey: Pearson. One Lake Street.

Goode, C. (2019). Designing a solution to the global problem of overfishing using 
the engineering design process. American Biology Teacher, 81(5), 340–350. 
https://doi.org/10.1525/abt.2019.81.5.340.

Gould, D., & Mitts, L. (2014). Eureka! Causal thinking about Molecules and Matter. 
Science Scope, 38(2), 47.

Greeno, J. G. (1998). The situativity of knowing, learning, and research. American 
psychologist, 53(1), 5.

Haines, S., Richman, L., Hartley, R., & Schmid, R. (2017). Exploring biological classifi-
cation: The unique organism project. Science Activities, 54(3–4), 74–85.

Hancock, I. I., J. B., & Lee, M. (2018). A new take on “Tried and true. The Science 
Teacher, 85(3), 43–48.

Harmon, S., & Pallant, A. M. Y. (2019). Using scientific argumentation to understand 
human impact on the earth. Science Teacher, 86(6), 28–37.

Harris, K., Sithole, A., & Kibirige, J. (2017). A needs Assessment for the adoption of 
Next Generation Science Standards (NGSS) in K-12 education in the United 
States. Journal of Education and Training Studies, 5(9), 54–62.

Haug, C. A. (1999). Local understanding, resources, and policies: Obstacles to stan-
dards-based mathematics education reform. University of Colorado at Boulder.

Haverly, C., Lyle, A., Spillane, J. P., Davis, E. A., & Peurach, D. J. (2022). Leading instruc-
tional improvement in elementary science: State science coordinators’ sense-
making about the Next Generation Science Standards. Journal of Research in 
Science Teaching, 59(9), 1575–1606.

Hayes, K. N., Lee, C. S., DiStefano, R., O’Connor, D., & Seitz, J. C. (2016). Measuring 
Science Instructional Practice: A Survey Tool for the age of NGSS. J Sci Teacher 
Educ, 27(2), 137–164. https://doi.org/10.1007/s10972-016-9448-5.

Hayes, K. N., Wheaton, M., & Tucker, D. (2019). Understanding teacher instructional 
change: The case of integrating NGSS and stewardship in professional 

http://dx.doi.org/10.1080/01596306.2011.601565
http://dx.doi.org/10.1525/abt.2015.77.6.445
http://dx.doi.org/10.1525/abt.2015.77.2.8
http://dx.doi.org/10.2505/4/sc14_051_09_79
http://dx.doi.org/10.1525/abt.2016.78.1.35.THE
http://dx.doi.org/10.2505/4/tst13_080_06_35
http://dx.doi.org/10.2505/4/tst13_080_06_35
http://dx.doi.org/10.1002/sce.21573
http://dx.doi.org/10.1002/sce.21573
http://dx.doi.org/10.1177/0895904805276143
http://dx.doi.org/10.1177/0895904805276143
http://dx.doi.org/10.1086/685847
http://dx.doi.org/10.3102/0091732X018001003
http://dx.doi.org/10.1080/00368121.2016.1259979
http://dx.doi.org/10.1525/abt.2016.78.3.226
http://dx.doi.org/10.1002/sce.21249
http://dx.doi.org/10.1525/abt.2017.79.8.661
http://dx.doi.org/10.1525/abt.2017.79.8.661
http://dx.doi.org/10.1186/s40594-014-0012-6
http://dx.doi.org/10.2505/4/sc20_057_05_47
http://dx.doi.org/10.1002/sce.21188
http://dx.doi.org/10.1002/tea.21472
http://dx.doi.org/10.1002/tea.21472
http://dx.doi.org/10.1002/sce.21488
http://dx.doi.org/10.1525/abt.2019.81.5.340
http://dx.doi.org/10.1007/s10972-016-9448-5


Page 17 of 18Tanas et al. Disciplinary and Interdisciplinary Science Education Research             (2023) 5:5 

development. Environmental Education Research, 25(1), 115–134. https://doi.
org/10.1080/13504622.2017.1396289.

Herrmann-Abell, C. F., & DeBoer, G. E. (2018). Investigating a learning progression 
for energy ideas from upper elementary through high school. Journal of 
Research in Science Teaching, 55(1), 68–93.

Hill, H. C. (2001). Policy is not enough: Language and the interpretation of State 
Standards. American Educational Research Journal, 38(2), 289–318.

Houseal, A. (2015). Teacher’s toolkit: A visual representation of three- dimensional 
learning: A tool for evaluating curriculum. Science Scope, 39(1), 58–63.

Huff, K. L. (2016). Addressing three common myths about the Next Generation 
Science Standards. Science and Children, 53(5), 30.

Hunter, C. (2015). Modeling molecular machinery. The Science Teacher, 82(2), 49.
Johnson, M., & Dodson, T. (2016). Scaling up. The Science Teacher, 83(6), 53.
Joyner, R. D., & Marshall, J. C. (2016). Watch your step! An investigation of Carbon 

Footprints. American Biology Teacher, 78(4), 312–316. https://doi.org/10.1525/
abt.2016.78.4.312.

Kalenda, P., Rath, L., & Glor, H. (2020). Building partnerships: Using 3D printing to 
support take-home science activities. Teacher Librarian, 47(5), 26–31.

Kawasaki, J., & Sandoval, W. A. (2020). Examining teachers’ classroom strategies to 
understand their goals for student learning around the science practices in 
the Next Generation Science Standards. Journal of Science Teacher Education, 
31(4), 384–400. https://doi.org/10.1080/1046560X.2019.1709726.

Klieger, A., & Yakobovitch, A. (2012). Contribution of professional development to 
standards implementation. Teacher Development, 16(1), 77–88.

Krajcik, J. (2013). A focus on physical science. The Science Teacher, 80(3), 27.
Krajcik, J., Codere, S., Dash C., Bayer R., Mun, K. (2014). Planning instruction to 

meet the intent of the Next Generation Science Standards. Journal of Science 
Teacher Education, 25(2), 157–175.

Krippendorff, K. (2018). Content analysis: An introduction to its methodology. SAGE 
Publications.

Kujawski, D. (2014). Model synergy. Science Scope, 38(2), 31.
Lauren, H., Lutz, C., Wallon, R. C., & Hug, B. (2016). Integrating the dimensions of 

NGSS within a collaborative board game about honeybees. The American 
biology teacher, 78(9), 755–763.

Lawrence, M., Yang, L. L., Briggs, M., Hession, A., Koussa, A., & Wagoner, L. (2016). 
Breathing life into engineering: A lesson study life science lesson. Science 
Activities: Classroom Projects and Curriculum Ideas, 53(4), 137–146. https://doi.
org/10.1080/00368121.2016.1211079.

Like, C., Morgan, J., Escalada, L., & Burns, L. (2019). Teaching phenomena with 
NGSS – a complete unit. The Physics Teacher, 57(3), 152–156. https://doi.
org/10.1119/1.5092472.

Lottero-perdue, B. P. S., de Luigi, M. A., & Goetzinger, T. (2015). Blade structure and 
wind turbine function. Science and Children, 52(7), 45.

Louis, K. S., Febey, K., & Schroeder, R. (2005). State-mandated accountability in high 
schools: Teachers’ interpretations of a new era. Educational Evaluation and 
Policy Analysis, 27(2), 177–204.

Lowell, B. R., Cherbow, K., & McNeill, K. L. (2021). Redesign or relabel? How a com-
mercial curriculum and its implementation oversimplify key features of the 
NGSS. Science Education, 105(1), 5–32. https://doi.org/10.1002/sce.21604.

Lubkowitz, M., Koch, K., Braun, D. M., Lubkowitz, M., Koch, K., & Braun, D. M. (2017). 
A question-based Approach to Teaching Photosynthesis, Carbohydrate Parti-
tioning, and Energy Flow. The American Biology Teacher, 79(8), 655–660.

Madden, L., Peel, A., & Watson, H. (2014). The Poetry of Dandelions: Merging 
content-area literacy and Science Content Knowledge in a Fourth-Grade 
Science Classroom. Science Activities: Classroom Projects and Curriculum Ideas, 
51(4), 129–135. https://doi.org/10.1080/00368121.2014.931271.

Massell, D., Kirst, M. W., & Hoppe, M. (1997). Persistence and change: Standards- 
based reform in nine states. CPRE Research Reports.

Mayring, P. (2015). Qualitative Content Analysis: Theoretical Background 
and Procedures. In A. Bikner-Ahsbahs, C. Knipping, & N. Presmeg (Eds.), 
Approaches to Qualitative Research in Mathematics Education: Examples of 
Methodology and Methods (pp. 365–380). Springer Netherlands. https://doi.
org/10.1007/978-94-017-9181-6_13

McConnell, W., & Dickerson, D. (2014). A real-world Integrated STEM lesson 
provides opportunity for cross-subject teacher collaboration. Technology and 
Engineering Teacher, 73(8), 24.

McNeill, K., Katsh-Singer, R., & Pelletier, P. (2015). Assessing Science Practices: Mov-
ing your class along a Continuum. Science Scope, 39(4), 21.

Merriam, S. B., & Tisdell, E. J. (2015). Qualitative research: A guide to design and imple-
mentation. John Wiley & Sons.

Miles, M. B., Huberman, A. M., & Saldana, J. (2020). Qualitative data analysis: A 
methods sourcebook.

Mohl, E., Fifield, C., Lafond, N., Mickman, S., Saxton, R., & Smith, B. (2016). Using 
rubrics to integrate crosscutting concepts. Science Scope, 40(5), 84–89.

Moore, T. J., Tank, K. M., Glancy, A. W., & Kersten, J. A. (2015). NGSS and the land-
scape of engineering in K‐12 state science standards. Journal of Research in 
Science Teaching, 52(3), 296–318.

Moyer, R. H., & Everett, S. A. (2013). Producing plastic... from milk?. Science Scope, 
37(1), 80.

NABT (n.d.). An Invitation to Readers and Contributorshttps://nabt.org/
Resources-American-Biology-Teacher.

National Research Council (NRC). (2007). Taking science to school: Learning and 
teaching science in grades K-8. National Academies Press.

NGSS Lead States. (2013). Next Generation Science Standards: For states, by states. 
Washington, DC: The National Academies Press.

Nordine, J., & Lee, O. (2021). Crosscutting concepts: Strengthening science and engi-
neering learning. National Science Teaching Association.

NRC. (1996). National Science Education Standards. National Academies Press.
NRC (2001). Investigating the Influence of Standards: A Framework for Research 

in Mathematics, Science, and Technology Education. https://doi.
org/10.17226/10023

NSTA (n.d.). The Science Teacher editorial boardhttps://www.nsta.org/
science-teacher-editorial-board.

Ortolano, G., Finn, J., & Ortolano, L. (2017). How quickly do they react? The Science 
Teacher, 84(7), 53.

Osborne, J. F. (2019). Not “hands on” but “minds on”: A response to Furtak and 
Penuel. Science & Education, 103(5), 1280–1283. https://doi.org/10.1002/
sce.21543.

Parker, J. M., Delos Santos, E. X., & Anderson, C. W. (2015). Learning progressions 
& climate change. American Biology Teacher, 77(4), 232–238. https://doi.
org/10.1525/abt.2015.77.4.2.

Passmore, C. (2015). Shifting to NGSS-aligned classrooms. Leadership, 44(4), 24–27.
Passmore, C., Coleman, E., Horton, J., & Parker, H. (2013). Making sense of natural 

selection: Developing and using the natural selection model as an Anchor for 
Practice and Content. The Science Teacher, 80(6), 43.

Pellegrino, J., Wilson, M., Koenig, J., & Beatty, A. (2014). Developing assessments for 
the Next Generation Science Standards. Washington, DC: National Academies 
Press.

Porter, A. C. (1994). National standards and school improvement in the 1990s: 
Issues and promise. American Journal of Education, 102(4), 421–449.

Potter, S., Krall, R. M., Mayo, S., Johnson, D., Zeidler-Watters, K., & Cooper, R. L. (2016). 
Population dynamics based on resource availability & founding effects: Live & 
computational models. American Biology Teacher, 78(5), 396–403. https://doi.
org/10.1525/abt.2016.78.5.396.

Pruitt, S. L. (2014). The Next Generation Science Standards: The features and 
Challenges. J Sci Teacher Educ, 25(2), 145–156. https://doi.org/10.1007/
s10972-014-9385-0.

Puttick, G., Drayton, B. (2017). Biocomplexity: Aligning an “NGSS-Ready” curriculum 
with NGSS performance expectations. The American Biology Teacher, 79(5), 
344–349.

Quinlan, C. L. (2019). An Interdisciplinary Investigation of African Rock Art images 
to learn about Science & Culture: Blending Biology, Geology, History & 
Ethics. American Biology Teacher, 81(1), 40–46. https://doi.org/10.1525/
abt.2019.81.1.40.

Reiser, B. J., Michaels, S., Moon, J., Bell, T., Dyer, E., Edwards, K. D., ... & Park, A. (2017). 
Scaling up three-dimensional science learning through teacher-led study 
groups across a state. Journal of Teacher Education, 68(3), 280–298.

Richmond, G., Parker, J. M., & Kaldaras, L. (2016). Supporting reform-oriented 
secondary Science Teaching through the Use of a Framework to analyze 
construction of scientific explanations. Journal of Science Teacher Education, 
27(5), 477–493. https://doi.org/10.1007/s10972-016-9470-7.

Saldaña, J. (2016). The coding manual for qualitative researchers. Sage.
Schatz, D., & Fraknoi, A. (2017). Total eclipse: The Solar Eclipse this August is an Ideal 

Opportunity to practice Three-Dimensional Science Learning. The Science 
Teacher, 84(3), 33.

Shelton, T. (2015). Climbing the NGSS Mountain. The Science Teacher, 082(09), 
65–67. https://doi.org/10.2505/4/tst15_082_09_65.

Sherwood, C. A. (2020). The goals remain Elusive”: Using Drawings to examine 
shifts in Teachers’ Mental Models before and after an NGSS Professional 
Learning Experience. Journal of Science Teacher Education, 31(5), 578–600. 
https://doi.org/10.1080/1046560X.2020.1729479.

Siebert, D., & Jo Draper, R. (2008). Why content-area literacy messages do not speak 
to mathematics teachers: A critical content analysis. Literacy Research and 
Instruction, 47(4), 229–245.

http://dx.doi.org/10.1080/13504622.2017.1396289
http://dx.doi.org/10.1080/13504622.2017.1396289
http://dx.doi.org/10.1525/abt.2016.78.4.312
http://dx.doi.org/10.1525/abt.2016.78.4.312
http://dx.doi.org/10.1080/1046560X.2019.1709726
http://dx.doi.org/10.1080/00368121.2016.1211079
http://dx.doi.org/10.1080/00368121.2016.1211079
http://dx.doi.org/10.1119/1.5092472
http://dx.doi.org/10.1119/1.5092472
http://dx.doi.org/10.1002/sce.21604
http://dx.doi.org/10.1080/00368121.2014.931271
http://dx.doi.org/10.1007/978-94-017-9181-6_13
http://dx.doi.org/10.1007/978-94-017-9181-6_13
https://nabt.org/Resources-American-Biology-Teacher
https://nabt.org/Resources-American-Biology-Teacher
http://dx.doi.org/10.17226/10023
http://dx.doi.org/10.17226/10023
https://www.nsta.org/science-teacher-editorial-board
https://www.nsta.org/science-teacher-editorial-board
http://dx.doi.org/10.1002/sce.21543
http://dx.doi.org/10.1002/sce.21543
http://dx.doi.org/10.1525/abt.2015.77.4.2
http://dx.doi.org/10.1525/abt.2015.77.4.2
http://dx.doi.org/10.1525/abt.2016.78.5.396
http://dx.doi.org/10.1525/abt.2016.78.5.396
http://dx.doi.org/10.1007/s10972-014-9385-0
http://dx.doi.org/10.1007/s10972-014-9385-0
http://dx.doi.org/10.1525/abt.2019.81.1.40
http://dx.doi.org/10.1525/abt.2019.81.1.40
http://dx.doi.org/10.1007/s10972-016-9470-7
http://dx.doi.org/10.2505/4/tst15_082_09_65
http://dx.doi.org/10.1080/1046560X.2020.1729479


Page 18 of 18Tanas et al. Disciplinary and Interdisciplinary Science Education Research             (2023) 5:5 

Smith III, J. P., DiSessa, A. A., & Roschelle, J. (1994). Misconceptions reconceived: A 
constructivist analysis of knowledge in transition. The Journal of the Learning 
Sciences, 3(2), 115–163.

Smith, J., & Nadelson, L. (2017). Finding alignment: The perceptions and integration 
of the Next Generation Science Standards Practices by Elementary Teachers. 
School Science and Mathematics, 117(5), 194–203. https://doi.org/10.1111/
ssm.12222.

Smith, M. S., & Oday, J. (1990). Systemic school reform. Journal of Education Policy, 
5(5), https://doi.org/10.1080/02680939008549074.

Spillane, J. P., & Callahan, K. A. (2000). Implementing state standards for science 
education: What district policy makers make of the Hoopla. Journal of 
Research in Science Teaching, 37(5), 401–425.

Spillane, J. P., Reiser, B. J., & Reimer, T. (2002). Policy implementation and cognition: 
Reframing and refocusing implementation research. Review of Educational 
Research, 72(3), 387–431. https://doi.org/10.3102/00346543072003387.

Spillane, J. P., & Zeuli, J. S. (1999). Reform and teaching: Exploring patterns 
of practice in the context of National and State Mathematics Reforms. 
Educational Evaluation and Policy Analysis, 21(1), 1–27. https://doi.
org/10.3102/01623737021001001.

Stroupe, D., & Kramer, A. (2014). Students modeling Molecule Movement through 
Science Theater. Science Scope, 38(2), 70.

Stuart, P., & Stuart, K. (2017). The peeing pitcher: An Inquiry- based, Laboratory 
Case Study of the endocrine and Renal Systems. The American Biology 
Teacher, 79(5), 387–392.

Sultany, M., & Bixby, R. (2016). The Microscopic World of Diatoms. The Science 
Teacher, 083(08), 55–65. https://doi.org/10.2505/4/tst16_083_08_55.

Talanquer, V. (2019). Idea Bank: Crosscutting concepts as productive Ways of 
thinking. The Science Teacher, 087(02), 16–19. https://doi.org/10.2505/4/
tst19_087_02_16.

Tekkumru-Kisa, M., Schunn, C., Stein, M. K., & Reynolds, B. (2019). Change in think-
ing demands for students across the phases of a science task: An exploratory 
study. Research in Science Education, 49(3), 859–883.

Tekkumru-Kisa, M., Stein, M. K., & Schunn, C. (2015). A framework for analyzing 
cognitive demand and content-practices integration: Task analysis guide in 
science. Journal of Research in Science Teaching, 52(5), 659–685.

Thompson, S., & Lotter, C. (2014). Conservation of matter in the life sciences. Sci-
ence Scope, 38(2), 57.

Turgeon, B. (2014). Designing earthquake resistant structures. Science Scope, 38(3), 
49.

Turley, R., Trotochaud, A., & Campbell, T. (2016). Using coherent storylines to explain 
phenomena.The Science Teacher, September,35–41.

Tuttle, N., Kaderavek, J. N., Molitor, S., Czerniak, C. M., Johnson-Whitt, E., Bloomquist, 
D., & Wilson, G. (2016). Investigating the impact of NGSS-aligned professional 
development on PreK-3 teachers’ science content knowledge and pedagogy. 
Journal of Science Teacher Education, 27(7), 717–745.

Tuttle, N., Obringer, M., Czajkowski, K., & Czerni, C. M. (2014). What is a foot under 
your feet? Science and Children, 52(3), 49.

Veal, W., & Sneed, K. (2014). Putting new life in an old lesson. The Science Teacher, 
81(7), 47–51.

Webb, N. L. (2007). Issues related to judging the alignment of Curriculum 
Standards and assessments. Applied Measurement in Education, 20(1), 7–25. 
https://doi.org/10.1080/08957340709336728.

West, A. B., Sickel, A. J., & Cribbs, J. D. (2015). The science of solubility: Using Reverse 
Engineering to Brew a Perfect Cup of Coffee. Science Activities: Classroom 
Projects and Curriculum Ideas, 52(3), 65–73. https://doi.org/10.1080/00368121
.2015.1068734.

Westfall, S. M. (2015). Inviting engineering into the science lab. Science and Chil-
dren, 52(7), 33–39. https://doi.org/10.2505/4/sc15_052_07_33.

Whitworth, B. A., & Wheeler, L. B. (2017). Is it Engineering or not? Science Teacher, 
84(5), 25–29. http://www.jstor.org/stable/26389187.

Willard, T., Pratt, H., & Workosky, C. (2012). How to form a study group to examine 
the Next Generation Science Standards. The Science Teacher, 79(7), 33–38.

Williams, M. A., Friedrichsen, P. J. D., Sadler, T., & Brown, P. J. (2018). Modeling the 
emergence of antibiotic resistance in bacterial populations. The American 
Biology Teacher, 80(3), 214–220.

Willis, P. (2014). The bird box survey project. The Science Teacher, 81(2), 37.
Yochum, H., Vinion-dubiel, A., Granger, J., Lindsay, L., Maass, T., & Mayhew, S. (2013). 

Electromagnetic induction: An inquiry investigation about electromagnetism 
helps students understand and use scientific and engineering practices. Sci-
ence and Children, 51(2), 63–67.

Zissman, T. (2013). Measuring success. Science and Children, 51(2), 68.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://dx.doi.org/10.1111/ssm.12222
http://dx.doi.org/10.1111/ssm.12222
http://dx.doi.org/10.1080/02680939008549074
http://dx.doi.org/10.3102/00346543072003387
http://dx.doi.org/10.3102/01623737021001001
http://dx.doi.org/10.3102/01623737021001001
http://dx.doi.org/10.2505/4/tst16_083_08_55
http://dx.doi.org/10.2505/4/tst19_087_02_16
http://dx.doi.org/10.2505/4/tst19_087_02_16
http://dx.doi.org/10.1080/08957340709336728
http://dx.doi.org/10.1080/00368121.2015.1068734
http://dx.doi.org/10.1080/00368121.2015.1068734
http://dx.doi.org/10.2505/4/sc15_052_07_33
http://www.jstor.org/stable/26389187

	﻿A content analysis of alignment messages to the Next Generation Science Standards
	﻿Abstract
	﻿Introduction
	﻿Literature review
	﻿Reform representation, sensemaking, and implementation
	﻿NGSS implementation and teachers
	﻿NGSS and alignment

	﻿Methods
	﻿Sampling
	﻿Unitizing and coding
	﻿Analysis
	﻿Trustworthiness and dependability

	﻿Results
	﻿Materials coded
	﻿Alignment messages
	﻿Alignment to NGSS dimensions
	﻿Broad focus for NGSS alignment
	﻿Engaging in science practices or “Doing Science”
	﻿Integration
	﻿Engineering or design
	﻿Phenomena focus
	﻿Learning progression
	﻿Inquiry and student-centered


	﻿Elaboration and representations of alignment
	﻿Discussion
	﻿Clarity and coherence
	﻿NGSS dimensions
	﻿Definitions of reforms


	﻿Representations of reform and teacher sensemaking
	﻿Balancing the general and the specific
	﻿Limitations
	﻿Conclusion
	﻿References


