
From the

AERA Online Paper Repository
http://www.aera.net/repository

Paper Title                   Integrating Next Generation Science Standards 

Science Practices in Middle School Science Classrooms: 

Examining the Process of Two Lesson Study Teams

                  Christine Sue-Jeung Lee, California State 

University - East Bay; Kathryn N. Hayes, California State 

University - East Bay; Jeffrey C. Seitz, California State 

University - Hayward; Dawn M. O'Connor, Alameda County 

Office of Education; Rachelle DiStefano, California State 

University - East Bay

Author(s)

                      In-Service Professional DevelopmentSession Title

Roundtable PresentationSession Type

4/17/2015Presentation Date

                                     Chicago, IllinoisPresentation Location

                     Instructional Practices, Professional Development, 

Science Education

Descriptors

QualitativeMethodology

        SIG-Science Teaching and LearningUnit

Each presenter retains copyright on the full-text paper. Repository users 
should follow legal and ethical practices in their use of repository material; 
permission to reuse material must be sought from the presenter, who owns 
copyright.  Users should be aware of the                              .

Citation of a paper in the repository should take the following form: 
[Authors.] ([Year, Date of Presentation]). [Paper Title.] Paper presented at 
the [Year] annual meeting of the American Educational Research 
Association. Retrieved [Retrieval Date], from the AERA Online Paper 
Repository.

AERA Code of Ethics

http://www.aera.net/repository
http://www.aera.net/AboutAERA/AERARulesPolicies/CodeofEthics/tabid/10200/Default.aspx


NGSS SCIENCE PRACTICES IN LESSON STUDY 1	  

Integrating NGSS Science Practices in Middle School Science Classrooms:  

Examining the Process of Two Lesson Study Teams 

Purpose 

 The Next Generation Science Standards (NGSS) necessitate significant instructional 

shifts toward engaging diverse groups of students in science practices in support of content 

understanding (NRC, 2012, 2013). The theoretical and empirical foundations of the NGSS 

practices are well-documented (AAAS, 1993, 1996, NRC, 1996, 2012), but little is known about 

how teachers’ are translating NGSS practices into their science instruction. Because lesson study 

(LS) is a classroom-based and teacher-driven professional development (PD) approach, it is an 

ideal platform for teachers to collaboratively experiment with instructional practices and novel 

curricula as they shift their classroom pedagogies to align with NGSS. This study focuses on 

delineating the mechanisms through which two middle school LS teams incorporate NGSS 

practices as they develop, implement, and revise science lessons. The findings contribute to the 

pressing need for research to inform the current NGSS shifts in science teaching and learning.  

Theoretical Framework 

   What differentiates LS from traditional types of PD is that the live classroom is the 

centerpiece of the study (Lewis, 2002). In LS, teachers have the opportunity to critically observe 

students’ learning as they collaboratively investigate, plan, teach, observe, and refine lessons 

focused on specific student development and learning goals (Lewis, et al., 2009; Saito, 2012).  

 A theoretical model of LS (Figure 1) proposed by Lewis and colleagues (2006, 2009) 

draws from research on teachers’ learning (Doerr & English, 2006; Lesh et al., 2004) and 

situated learning theories (Borko et al., 2000; Smith, 2000) that underscore the importance of 
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making teachers’ beliefs and ideas visible within a professional learning community. 

Specifically, there are three major intervening changes in LS: 1) making knowledge more visible 

(e.g., teachers’ ideas about pedagogy and students’ thinking), 2) strengthening teachers’ 

professional communities (e.g., sense of mutual accountability), and 3) sharing teaching and 

learning resources. For example, joint examination of students’ work can surface teachers’ 

implicit ideas about how students’ learn, enabling teachers to critically examine and revise their 

thinking as needed (e.g., Fernadez & Yoshida, 2004; Jacobs et al., 2007; Warfield et al., 2005). It 

is argued that these three major pathways lead to instructional improvement and ultimately, gains 

in students’ learning (Lewis et al., 2006; 2009).  

Figure 1. Theoretical Model of LS (taken from Lewis et al., 2009) 

 

Methods 

 This study was conducted in the context of a larger 5-year NSF PD project serving 

districts with diverse and low-income student populations (Education Data Partnership, 2014). A 

“local proof” approach was taken to analyze two case studies (Lewis et al., 2006, p. 6), situating 
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the LS team process within the contexts of their schools and districts. In contrast to controlled, 

experimental studies, this approach focuses on a set of practices and knowledge (e.g., 

innovations, adaptations) embodied in local structures (Lewis & Murata, 2006). 

 The methodology that distinguishes this study from existing LS research is that data were 

collected in real time (rather than post-LS reflections), which allowed for the examination of 

teachers’ decision-making around the experimentation with NGSS practices as they occurred.  

Another novel contribution of this study is the in-depth comparison of two middle school science 

LS teams (past studies examining LS are often limited to a single case, e.g., Fernandez & 

Yoshida, 2004). The comparison of two teams allowed for a cross-examination of common as 

well as idiosyncratic features of LS as teachers experiment with NGSS practices.  

Data 

Participants 

 Demographics of the teachers are presented in Table 1. As shown in Table 2, teachers 

were serving in high poverty districts with relatively high ELL populations (27 - 43%). The first 

LS group, “Density,” included five 8th grade physical science teachers (2 males, 3 females) from 

5 middle schools in 2 districts. The second LS group, “Water” included four 6th grade earth 

science teachers (3 males, 1 female) from 3 middle schools in 2 districts. Both teams completed 

two LS cycles during the 2011-2012/2012-13 school years, totaling eleven and nine meetings 

respectively (approx. 30 hours per teacher).  

 

Table 1. Demographics of participating teachers  
LS Team Teacher 

Gender Ethnicity 
Number of 

Years 
Teaching 

Credential Type 
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Density Chris Male White 10 years+ Single Subject, Biological Sciences 
Sara Female White 6-10 years Single Subject 

Mandy Male Filipino 10 years+ Multiple Subjects, FLGS 
Caron Female White 10 years+ Multiple Subjects Masters with Supplemental in 

Science (with Masters in Life Science) 
Rachel Female White 6-10 years Multiple subjects (with Maters in Education) 

Joe Male Filipino 1-2 years Multiple subjects 
Water Nancy Female White 6-10 years Multiple Subjects Masters with Supplemental in 

Science 
Al Male Filipino 6-10 years Single subject with subject matter authorization in 

science 
Daryl Male White 6-10 years Multiple Subjects 
Greg Male White 1-2 years Single subject in Geosciences 

 
Note: All names have been replaced with pseudonyms. 
 
Table 2. District and student demographics (2013) 

District 

%  
Free 

Reduced 
Priced 
Lunch 

% English 
Language 
Learner 

% Minority 
Science % 

Proficient or 
Above 

ELA % 
Proficient 
or Above 

Math % 
Proficient or 

Above 

Title 
I 

District A 40% 29% 77% 66% 62% 54% Yes 
District B 80% 43% 98% 53% 50% 58% Yes 
District C 41% 27% 92% 64% 60% 53% Yes 

 

Data Collection and Analysis 

 Two videographers recorded every LS meeting for both teams1. All video-recordings 

were transcribed verbatim (approx. 60 hours of video). Artifacts of LS (e.g., student work, 

meeting notes, lesson plans) were also examined.  

Verbatim transcripts were first coded and summarized (Glaser, 1992; Strauss, 1987). A priori 

codes were identified from a rubric developed from the theoretical model of LS (Table 3) 

(Lewis, Perry, & Hurd, 2009; Lewis, Perry, & Murata, 2006). However, open-coding (Glaser, 

1992) was also conducted to follow the local proof approach and capture unique codes that 

emerged from the data. The coded data was further analyzed using thematic analysis (Braun & 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Prior to data collection, IRB approval was obtained from the university and signed informed consent forms were 
collected from all participants	  
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Clarke, 2006; Guest, 2012), which involves identifying and developing full descriptions of 

emerging themes in the data. 

Table 3. Rubric with codes for analyzing LS cycle (based on theoretical framework from Lewis, 
Perry, & Hurd, 2009; Lewis, Perry, & Murata, 2006) 

 
Intervening changes in teachers’ knowledge and beliefs (Outcomes) 
Teachers’ Knowledge and Beliefs 
a. Subject matter knowledge 
b. Pedagogy 
c. Student thinking and how to capture it 
d. Long-term goals for student development and how they connect to daily instruction 
Teachers’ Professional Community  
a. Motivation and capacity to improve instruction, including norms that emphasize inquiry and continuing 
improvement 
b. Sense of mutual accountability to provide high-quality instruction 
c. Shared long-term goals for students 
d. Shared language, processes, and frameworks for analyzing instruction 
Teaching-Learning Resources 
a. Tasks that reveal student thinking 
b. Data collection protocols that capture key elements for student learning and instruction 
c. Tools that support productive exchange of ideas among teachers 
d. Lesson plans that promote student learning 

 

 

 

LS Feature 
Investigation 
a. Consider students’ current characteristics 
b. Consider long term goals for student learning and development 
c. Study the content area: key concepts, existing curricula, standards, learning trajectory, research 
Planning 
a. Select or develop research lesson 
b. Try task in order to anticipate student solutions 
c. Write-up instructional plan, including goals for student learning and development, anticipated student thinking, 
data collection points, rationale for lesson design, connection to long-term goals 
d. Clarify focus of observations 
Research Lesson  
a. Conduct research lesson 
b. Team members observe and collect data during live research lesson 
Reflection and Revision 
a. Share and discuss data from research lesson post-lesson 
b. Team members (observers) draw out implications for lesson redesign, for teaching-learning more broadly, and 
for understanding of students and subject matter 
c. Summarize what was learned from cycle, consolidate the learning 
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Results 

 Based on the theoretical model of instructional improvement in LS (Lewis et al., 2006, 

2009), analysis of the three intervening changes as teachers experimented with implementing 

NGSS practices are presented below (following the order of LS stages). 

1) Strengthening teachers’ professional communities through a shared vision  

 During the investigation stage, teachers consider their students’ characteristics and 

contexts as they collaboratively develop student goals.  This stage of LS provided a space for 

teachers to lay the groundwork to implement NGSS practices.  Through a discussion of short- 

and long-term goals, teachers reinforced each other’s objectives to address science 

misconceptions, collectively envisioning how students would begin to think and behave like 

scientists over the course of the school year:  “I want students to be self-motivated thinkers who 

aren’t afraid to get a wrong answer but when they do, try to solve the problem in a different 

way.” (Nancy) “That’s interesting, because I also mentioned problem-solving. Being resilient 

enough to work through it and to come up with solutions. (Daryl). Teachers also shared common 

struggles. For example, teachers in the Water found students were not accustomed to reasoning 

around open-ended questions: “They shut down a lot when they don’t get the right answer the 

first time.” (Nancy)  

 In the process of selecting their NGSS practices goals (Density--Planning and Carrying 

Out Investigations and Analyzing and Interpreting Data; Water -- Developing and Using 

Models) (details in Table 4), teachers established mutual accountability for improving instruction 

towards building students’ ability to engage in a focused set of NGSS science practices. 
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Table 4. Density and Water lesson student goals 
LS Team NGSS Practice(s) Research Lesson 
Density Planning and 

Carrying Out 
Investigations 
Collect data about the 
performance of a 
system under a range 
of conditions 
 
Analyzing and 
Interpreting Data 
Analyze and interpret 
data to provide 
evidence for 
phenomena. 
Analyze and interpret 
data to determine 
similarities and 
differences in findings. 
 

In small groups, students explore the physical properties of four 
different colored liquids. Students will then test two-liquid 
combinations in a total of four test tubes and record observations 
about the order in which the two liquids layered. They will analyze 
their qualitative observation data of both the properties of the four 
liquids and results of the two liquid combinations to develop a 
prediction about the order in which all four liquids will layer in a 
single test tube. 

Water Developing and Using 
Models 
Evaluate limitations of 
a model for a proposed 
object or tool 
 
 

Students experience a model of a stream table to form an 
understanding of the different variables that can shape a river and its 
surroundings. Students will use the stream table to investigate the 
formation and evolution of rivers, the erosion of sediments as a 
function of flow rate and stream gradient, and consider how rivers 
continually modify the landscape.  The stream table serves as a model 
for observing the patterns of erosion in river environments. Students 
will have the opportunity to revise the model of the stream table and 
evaluate the limitations of this model versus an actual river. 

 

2) Sharing teaching and learning resources 

 Sharing student work. Several examples of sharing resources were evident in both LS 

teams. In the Density team, Chris conducted a ‘pilot’ research lesson and collected various 

sources of student work. He shared students’ responses on a density pre-formative assessment 

probe (Figure 2) and observations that revealed students’ thought processes around the NGSS 

science practice of planning and carrying out investigation to describe the phenomenon of liquids 

forming layers. As teachers examined student data, they identified that many students struggled 

with making scientific observations, often leaping to making inferences about the identity of the 

liquid (e.g., “the pink liquid is nail polish”) (Figure 3).  This opportunity to identify gaps in 



NGSS SCIENCE PRACTICES IN LESSON STUDY 8	  

students’ ability to collect scientific data enabled teachers to develop needed instructional 

strategies and tools as discussed further below.  

Figure 2. Example of student responses on a pre- and post- formative assessment probes 

 

Figure 3. Examples of students’ observation notes as they engaged in planning and carrying out 
investigations about the properties of different types of liquids 
 

 

 Collaboration with science faculty. Collaboration with outside experts plays an 

important role in teachers’ encountering outside perspectives and extending professional learning 

communities beyond traditional educational hierarchies (Perry & Lewis, 2009). In contrast to the 

Pre-‐	  formative	  assessment	  
	  
	  
	  
Post-‐	  formative	  assessment	  
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Density group who focused on student work, the Water group had access to a science faculty, 

Jack, during the research lesson planning stages. Jack helped teachers uncover and address 

questions around adult-level science content. He worked closely with teachers to develop 

content-rich activities, recommend curricular resources, and address questions as they conducted 

a trial run of their research lesson. For example, as the team observed the process of river erosion 

in the stream table, Jack pointed out important features of the lab (e.g., features of landforms that 

differentiate a delta and an alluvial fan). He also provided pedagogical support, suggesting 

prompting questions that could be used with students (e.g., “As the water is flowing through the 

system, what else do you see?”). The participation of a science faculty contributed significantly 

to providing opportunities for teachers to deepen their content knowledge, which is intrinsically 

linked to their ability to successfully integrate NGSS science practices and content into a lesson.   

3) Teachers’ Knowledge and Beliefs 

 Students’ thinking and ability around science practices becomes more visible. 

Teachers’ observations illustrate how LS increased their knowledge of how students process, 

organize, and develop understanding of core science ideas through the NGSS practices. In the 

Density team, teachers discussed the challenges students faced in differentiating qualitative 

observations from inferences about liquids. In addition, their study of students’ responses on the 

formative assessment probes revealed common misconceptions around the concept of liquid 

density. Many students often attributed liquid properties such as weight and “thickness” to 

explain how liquids form layers, rather than considering the liquid’s ratio mass:volume. 

Similarly, the Water group noticed that students focused on the outcome of the lab (i.e., resulting 
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landform), and often failed to record scientific observations of the river erosion processes as 

evidence of the resulting landforms.  

 Teachers realized that students’ engagement in the NGSS science practices were more 

characteristic of the expectations outlined in the 3rd to 5th grade band, rather than expectations 

outlined for middle school (NRC, 2013). For example, many of the eight grade students from the 

Density team struggled with making observations to produce objective data that could serve as 

evidence. They also struggled in systematically analyzing the results from their experiments to 

develop justifiable predictions. In the Water group, students correctly identified the different 

landforms developed in a stream table, but they struggled with evaluating the limitations of the 

stream table model (e.g., “How was this activity not like a real river?”) as well as explicating the 

relationships among the variables that led to the different landforms (e.g., gradient and flow 

rate).  

 The accumulating evidence from both lesson study teams pointed to weaknesses in 

students’ foundational science skills (i.e., identifying and documenting scientific data for 

evidence) related to the NGSS practices of planning and carrying out investigations and 

developing and using models. Of note, these skills are also essential for other complex NGSS 

science practices such as argumentation, in which students’ are weighing and interpreting 

evidence to assess the viability of scientific claims (Driver, Newton, & Osborne, 2000). 

 Developing generalizable tools for NGSS implementation. As specific challenges were 

revealed through observations of students, teachers developed an increasingly sophisticated 

understanding of the context and student-specific supports required to guide students towards 

authentic engagement in the NGSS practices. For example, teachers in both the Water and 
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Density teams developed data tables with pictures and sentence stems to guide their ELL 

students toward documenting objective data for evidence using scientific vocabulary. The 

Density team also recognized that not enough time was provided for students to interact and 

reflect on their ideas as they engaged in technical aspects of the science practices. As such, a 

classroom discussion was incorporated in the lesson, providing students an opportunity to share, 

analyze, and discuss the significance of the data from different groups.  

The instructional strategies and tools described here illustrate how the knowledge, skills, 

and tools gained from LS are generalizable to future lessons and instructional decisions aligned 

with NGSS science practices. 

Scholarly Significance of the Work 

 Findings from this study indicate that LS holds potential for promoting teacher-driven 

implementation of standards-based practices. Specifically, this study highlights examples of 

intervening changes in science teachers as they planned, implemented, and observed NGSS 

practices in the classroom. By gathering data of students’ engagement in the science practices, 

teachers were able to diagnose gaps in students’ thinking and make informed choices about 

pedagogical strategies and lesson revisions that made science practices accessible for all 

students. Findings suggest that lesson study can serve as a powerful vehicle for systemic 

improvements towards NGSS-aligned science education, having important implications for 

current policy, professional development, and curriculum and assessment efforts. 
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