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ABSTRACT 

The purpose of this study was to explore four rural teachers developing abilities in three-

dimensional learning as they prepare to implement the Next Generation Science 

Standards (NGSS). Schools across the country are preparing to make substantive changes 

towards three-dimensional learning; the learning of core ideas, science and engineering 

practices, and crosscutting concepts in concert. The Next Generation Science Standards 

(NGSS) uses the idea of three-dimensional learning to develop an in-depth understanding 

of science in today’s students. By using the productive learning that lesson study can 

provide, this research looked at the development of the primary teachers’ abilities in 

achieving cohesive three-dimensional lessons. The conclusions reached show that the 

teachers did develop their abilities at implementing the three-dimensions, through 

observation and questioning techniques. In addition, some of the participants improved 

their understanding of the purpose of the performance expectation. Unfortunately, the 

research showed that while the participants enjoyed working together, in the lesson study 

setting and improving their understanding of the NGSS, the amount of time that three-

dimensional learning takes away from other subjects may inhibit the use of the NGSS.  
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CHAPTER I 

GENERAL INTRODUCTION 

Schools across the country are preparing to make substantive changes towards 

three-dimensional learning; the learning of core ideas, science and engineering practices, 

and crosscutting concepts in concert. Those assisting with the shifts in practice also 

realize that science has been given little attention in many of today’s elementary 

classrooms. The Next Generation Science Standards (NGSS) uses the idea of three-

dimensional learning to develop an in-depth understanding of science in today’s students. 

Unfortunately, because elementary science instructional time appears to be in the decline, 

the development of three-dimensional pedagogy may be difficult for teachers, as they 

tend to forgo science instruction and focus on reading and math instruction (Judson, 

2012). By using the concept of lesson study this research hoped to reverse the trend of 

declining science instructional time within the rural school selected by developing the 

primary teachers’ abilities at integrating the core ideas found in science, crosscutting 

concepts of the science disciplines, and practices found in engineering and science into 

cohesive three-dimensional lessons.  

There are a multitude of possible reasons for the lack of science instruction at the 

elementary level; however, with the adoption of the Next Generation Science Standards 

(NGSS) and the idea of learning in three dimensions, teachers must overcome the 

obstacles. Recent research suggests that the lack of instructional time may be due to 

standardized testing requirements (Judson, 2012, 2013; Sowder & Harward, 2011), a 

general lack of  teacher content knowledge (Appleton, 2003, 2006; Appleton & Kindt, 

1999), minimalist preparation to teach elementary science (Trygstad, Smith, Banilower, 
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& Nelson, 2013), teacher attitudes towards science (Kazempour & Sadler, 2015; 

Richardson, 1996; van Aalderen-Smeets & Walma van der Molen, 2013), and teacher’s 

self-efficacy in science (Cakiroglu, Capa-Aydin, & Hoy, 2012; Ramey-Gassert, Shroyer, 

& Staver, 1996). Elementary science is not a part of the daily curriculum in many of 

America’s elementary schools (Blank, 2012). The deficiency in elementary science 

teaching presents a problem for teachers in upper grades, who rely on elementary 

teachers to teach the science standards. It appears that there is a need for a method to help 

teachers in the younger grades develop their abilities in science teaching, so that the rigor 

of the NGSS can be met.  

Lesson study is the concept of a group of teachers working together to develop 

high quality lessons that are grounded in student learning outcomes (Lewis, 2009; Perry 

& Lewis, 2009; Stigler & Hiebert, 1999). In Japan, lesson study is a widely-used form of 

professional development. Japanese teachers use lesson study as a method to research, 

collaborate, reflect, and improve classroom curriculum. Because lesson study needs to be 

modified for today’s American educational system (Perry & Lewis, 2009), a pilot study 

was used to determine what might work for rural schools.  Pilot studies are suggested by 

Yin (2013) as a method for determining how to approach future research. This 

dissertation used the pilot study, which was conducted in the spring of 2015, as a 

springboard for the research.  The pilot study attempted to mitigate the lack of elementary 

science in a rural school. In addition, the pilot study introduced the concept of three-

dimensional learning to the participants. The pilot study was a part of a qualitative 

research course. The research found that after three primary teachers had participated in a 

modified lesson study; the teachers, who previously had expressed anxiety when 
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confronted with teaching science, became more comfortable with science instruction in 

their classroom. When teachers are more comfortable with a subject, they are more likely 

to embrace it and that will raise teacher’s self-efficacy (Sandholtz & Ringstaff, 2013). 

Furthermore, the pilot study revealed a positive change in the teachers’ comfort level and 

self-efficacy regarding students asking questions about science phenomena.  However, it 

was clear that to understand the Next Generation Science Standards and three-

dimensional learning, the lesson study would need to take place for an extended period of 

time.  

Many studies have been conducted regarding the amount of available time to 

teach science in school since the “No Child Left Behind Act” (Dorph, Goldstein, Lee, 

Lepori, Schneider, & Venkatesan, 2007; McMurrer, 2007, 2008; Rentner, Scott, Kober, 

Chudowsky, Chudowsky, Joftus,& Zabala, 2006). The literature pointed to several 

potential causes for the lack of science instructional time in primary classrooms including 

the focus on math and reading test scores because of No Child Left Behind (Judson, 

2013).  A teacher’s personal anxieties about science instruction might have been a large 

contributor to the absence of science instruction (Enochs & Riggs, 1990). Trygstad et al. 

(2013) stated that “elementary science teacher’s minimal background in science was 

reflected in their perceptions of their own content preparedness” (p. 3). Many preservice 

and elementary teachers express concern when confronted with teaching science 

(Appleton & Kindt, 1999; Kazempour, 2014a). Other studies have shown that teachers 

asked about science pedagogy feel that explanations and vocabulary must come before 

the science activities (Banilower et al. 2013, Bybee 1993, Trygstad et al. 2013). A mixed 

methods study on science student teacher beliefs found that those headed to the primary 
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grades had a more student-oriented focus and tend to be more constructivist in nature 

(Markic, Valanides, & Eilks, 2006). However, there appeared to be a gap between a 

teacher’s ability to be a constructivist teacher and their willingness to engage in the 

constructivist pedagogy during science instruction. The lack of science instructional time 

could be even more reduced with the rigors that three-dimensional teaching might create 

(Trygstad et al. 2013).  To mitigate the continued reduction of science instructional time, 

a modified lesson study was used to help improve four primary teachers understanding of 

the NGSS and three-dimensional learning.  It has been shown that rural primary teachers 

that increased their science content knowledge and self-efficacy increase their science 

instructional time (Sandholtz & Ringstaff, 2013, p.694).   

The new science standards were based on the Framework for K-12 Science 

Education (NRC, 2012) and have the historical backing of “Science for All Americans” 

(AAAS, 1990), “Benchmarks for Science Literacy” (AAAS, 1993) and the “National 

Science Education Standards” (NRC, 1996). In addition, the standards were developed 

with guidance from other cognitive research, such as “How Students Learn: Science in 

the Classroom” (Donovan & Bransford, 2005) and “Taking Science to School” (NRC, 

2007). The NGSS is different from previous standards in several ways. One way, as 

discussed, the concept on integrating the three dimensions of science; the core ideas, 

practices, and crosscutting concepts into the concept of three-dimensional learning. The 

NGSS is also very different because it does not list standards that students should “know” 

(NGSS Lead States, 2013). Instead the NGSS contains performance expectations (PE), 

which are tasks students should be able to do once instruction is complete. The 

performance expectations, and the accompanying evidence statements, help a teacher to 
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determine if their lessons are meeting the objectives. Will the students be able to conduct 

a particular task after the teaching is complete? If the students would be able to perform 

the task, then the instruction was successful.  If the students would struggle, then more 

instruction needs to occur. This is not a new concept. Teachers are supposed be 

intentionally selecting instruction that will lead to the desired outcomes (Loucks-Horsley, 

Love, Stiles, Mundry, & Hewson, 2003). However, without standards that list what 

students should “understand,” teachers may struggle to use the NGSS, three-dimensional 

learning, and the performance expectations.  This will require significant training for 

teachers.   

Bybee (2013) suggested that training and professional development occur after 

adoption of the NGSS, so that the implementation of three-dimensional learning be 

successful. Quality, long-term professional development should have a focus of 

pedagogical skills, assessment practices, and conceptual teaching shifts to be successful 

in the new form of science instruction and with the concept of learning in three-

dimensions (Bybee, 2013; Reiser, 2013; Wilson, 2013). The pedagogical shifts will 

require the teacher to spend time analyzing what the child should be able to do at the end 

of instruction, therefore these transformations to classroom instruction cannot be surface 

changes.  However, as Stigler and Hiebert (1999) pointed out in their analysis of the 

TIMSS videos, though a teacher may state that they are changing their classroom 

techniques, there is little evidence that they actually are making the needed changes. 

Several studies were analyzed by Fullan (2007), on why pedagogical change seems to 

lack commitment. Fullan (2007) found that there is little reason for teachers to believe in 

the proposed changes and there is little incentive to spend the time to discover if the 
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change will be effective. Therefore, real pedagogical change tends to not occur. Perhaps 

this speaks to what Stigler and Heibert (1999) found in their analysis.  Teachers state that 

change has occurred, yet their classroom practices show the same basic routines because 

the teachers never really believed the change was important.  Nevertheless, in order for 

the NGSS to be successfully implemented change will need to occur. 

NSTA’s (2006) position statement on professional development practices place 

emphasis on teachers reflecting, examining, and considering feedback of their teaching 

practices and that professional development should promote collaboration amongst 

teaching professionals. In addition, the statement suggested that professional 

development needed to be sustained over long periods of time. The position statement 

was older than the Next Generation Science Standards (NGSS), but it still represented 

much of the current research that was known about successful professional development 

(Darling-Hammond, 2000; Guskey, 2003; Loucks-Horsley, Love, Stiles, Mundry, & 

Hewson, 2003). Since the mid1980s, Guskey’s (1986) teacher change research has shown 

that professional development is successful if teachers have the opportunities to interact 

and see student learning occur because of their efforts. Social interaction is usually 

necessary to increase the integration of new knowledge and skills into a person’s 

paradigm (Vygotsky, 1978; Wertsch, 1990).  

Luft, Firestone, Wong, Ortega, Adams, and Bang (2011) found that if the program 

included a science education mentor the teacher strengthened student-centered beliefs 

surrounding school science and increased their science pedagogical content knowledge. 

A mixed methods study done by Crowther and Cannon (1999) found that preservice 

teachers improved their confidence and self-efficacy with increased time in the mentor 



Texas Tech University, Camille T. Stegman, May 2017 

7 

teacher’s classroom. Appleton (2008) showed that elementary teachers science 

pedagogical content knowledge (PCK) developed when mentored. In their study on the 

practice of mentoring, Feiman-Nemser and Parker (1993) found that mentors can help by 

collaborating with the mentee on how a teacher might teach a particular topic and helping 

the mentee to handle issues occurring in the classroom. In Feiman-Nemser and Parker’s 

view, a mentor can actually become an agent for cultural change.   

It appears that teachers will make changes to their pedagogical styles if they are 

allowed the time to gain experience and to interact with colleagues. Mentorship plays an 

important role in lesson study. The mentor provides a scaffolding, as a more 

knowledgeable other, and is common in Japan’s lesson study model (Stigler & Hiebert, 

1999). Three-dimensional learning will require an in-depth look at how to assess what 

children know, how to plan instruction, and how to integrate the practices, ideas, and 

concepts in a cohesive and useable manner (Bybee, 2013). Teachers will need help from 

a mentor to bridge the gap and increase their science teaching abilities (Appleton, 2008), 

and will need interaction with their peers to support the changes to their thinking (Briscoe 

& Peters, 1997). Building on the pilot study, work continued towards developing primary 

teachers’ abilities in science.  Lesson study helped them collaboratively gain knowledge 

and pedagogical skills required for three-dimensional teaching and learning.  

Statement of the Problem 

The NGSS and its three-dimensional learning component will require professional 

development (Bybee, 2013). Trygstad, Smith, Banilower, and Nelson (2013, p. 22) stated 

“professional development will be critical for preparing classroom teachers to 

successfully implement the NGSS.” The study further states that science instruction can 
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be improved, especially in the primary grades, when collaboration with a colleague is 

encouraged (Trygstad et al., 2013, p. 21). Stigler and Hiebert (1999) found that 

collaboration is not a common practice in the American educational system. In addition, a 

more recent analysis by Vangrieken, Dochy, Raes, and Kyndt (2015) found that while 

collaboration is becoming more common, as professional learning communities (PLC) 

and communities of practice (CoP) grow in popularity, the culture of individuality and 

autonomy in the classroom is still the predominant view and impedes true team efforts.  

In the rural area for this investigation, teachers receive five in-service days per school 

year (35 hours) and five early release days (15 hours) specifically for professional 

development. On the surface, this seems to be a good amount of professional 

development hours. However, this is far from the amount of time needed for effective 

collaborative activities. Wei, Darling-Hammond, Andree, Richardson, and Orphanos 

(2009) analyzed nine studies on professional development hours and found that around 

50 hours seems to correlate with improvement in student achievement. However, for this 

investigation and the rural district, even though the teachers receive 50 hours, often the 

time is used for staff meetings, grading, or planning for events making this time useless 

for developing better teaching skills. The structured PD in this rural area does not provide 

the teachers with any collaborative time and it is the collaborative piece that is missing 

from today’s professional development (Stigler & Hiebert, 1999; Wei et al., 2009). 

A few hours of PD throughout the year is not significant enough to change 

attitudes, perceptions, and classroom pedagogy (Guskey, 2002; Loucks-Horsley, Stiles, 

Mundry, Love, & Hewson, 2009; Supovitz & Turner, 2000; Wei et. al., 2009).  A 

discussion about how much professional development time will be needed to create the 
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changes for three-dimensional learning. However, a more productive discussion would be 

to determine what type of professional development will be effective in developing the 

conceptual shifts needed for three-dimensional teaching and learning.  

Professional development (PD) that does not consider the process of how change 

occurs and what motivates the teacher will be a less effective PD than a PD program that 

does consider these concepts (Guskey, 2003). Any change to a teacher’s paradigm will 

require personal growth and cognitive shifts in thinking.  Little (2003) researched how 

teacher communities assist with teacher growth.  The study found that when teachers 

made changes to their practice and reflected on those changes with other teachers, the 

teachers grew within their personal practice. The teachers in Little’s study (2003) were 

better able to improve their understanding of curriculum, student learning, and the 

relationship to instructional choices when working together. Most recently a study with 

Kenyan teachers showed professional development (PD) embedded in teacher practice, 

and in particular PD that looks specifically at student learning, will lead to change that is 

more transformative and permanent (Anderson, Nashon, Namazzi, Okemwa, Ombogo, 

Ooko, & Beru, 2015). All of these PD experiences brought about shifts in thinking and 

were created within a social atmosphere.  

Social learning has many names including coaching or scaffolding (Vygotsky, 

1978), mentorship (Appleton, 2008; Schwille, 2008) communities of practice (Wenger, 

1999), collaborative apprenticeship (Glazer & Hannafin, 2006), and lesson study (Lewis, 

2009). There is significant research into collaborative types of professional development 

that assist in changing school culture (DuFour & DuFour, 2012; Fullan, 2006).  However, 

the evidence suggests that collaboration needs to be specific to student learning in order 
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to lead to improved school culture (DuFour & DuFour, 2012). Unfortunately, many of the 

professional development opportunities in the U.S. are short workshops and conferences 

(Wei et al., 2009). Trygstad et. al. (2013) found that only about half of all professional 

development contains any collaborative time or PLC time and only about ¼ receive any 

coaching or mentoring. Furthermore, in today’s rural districts professional development 

is often workshop style; frequently specific to the entire group (often the whole district) 

and not individual needs (Glover, Ihol, Nugent, Trainin & Shapiro, 2014). Teachers, 

especially in rural areas of the country, are not offered opportunities to engage in learning 

with a mentor or to reflect on practice. Yet Glover, Nugent, Chumney, Ihlo, Shapiro, 

Guard, Koziol, and Bovaird (2016) found that rural teachers would welcome more 

collaboration. Unfortunately, when collaboration does take place for a rural teacher, it is 

frequently done on a teacher’s personal time which can become a barrier to collaborative 

efforts (Johnson, 2006).   

Professional development tends to be driven by policymakers and administration 

rather than what the teacher, or even a group of teachers, is seeking to improve in their 

teaching skills (Stigler & Hiebert, 1999). Policymakers and administrator are far removed 

from the classroom environment and lack understanding as to what the teacher in the 

classroom needs to improve instruction and student learning.  Administrators need to 

support the teachers collaborative efforts by allowing the time, materials, and resources 

for a collaboration to be successful (Johnson, 2006). It is within the shared vision of 

ensuring that student learning goals are met that teachers and administrators should focus 

in order to see true reform. Carpenter (2015) found that shared leadership and a 
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collaborative atmosphere allowed teachers to better serve their students because it 

encouraged innovative teaching and learning.  

Teachers understand the need for good science instruction, but lack the time and 

support to adequately address current science concepts within the classroom (Trygstad et 

al, 2013). The introduction of three-dimensional learning will require even more support. 

Teacher support can come from their fellow teachers, as well more knowledgeable others 

and mentors. Each teacher will bring different knowledge and experiences to the group 

that will help scaffold towards new understanding. Teachers will need to contemplate the 

purpose of the performance expectations and how the expectations relate to three-

dimensional learning in the classroom (Bybee, 2013). Conceptual shifts in thinking will 

be required for teachers to engage in three-dimensional teaching and learning. Teachers 

working in a collaborative environment and given time to reflect on their experiences 

tend to develop better self-efficacy and willingness to change (Beatty, 2000). Therefore, 

it is essential that professional development on three-dimensional learning allow for the 

personal growth, reflection, and social interaction (Brunsell, Kneser, & Niemi, 2014; 

Garet, Porter, Desimone, Birman, & Yoon, 2001; Wilson, 2013). Change is difficult for 

humans. The social and collaborative aspect found in lesson study might allow the 

support, reflection, and personal growth needed to prepare primary school teachers for 

the rigor of three-dimensional teaching and learning.   

Purpose of the Study 

The research for this study looked at rural primary teachers’ use of lesson study as 

they attempted to implement the Next Generation Science Standards and the concept of 

three-dimensional learning in their classrooms. Lesson study is a long-term collaborative 
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effort of the teachers to create new lessons when faced with new standards (Lewis, Perry, 

Hurd, & O Connell, 2006). Lesson study is a form of professional learning community 

(PLC); the methods involved in a lesson study are also found in PLCs.  For example, in 

both models there is communication between teachers, collective creativity by the 

teachers, and the purpose is to increase the quality of instruction (Chichibu & Kihara, 

2013). Lesson study usually contains five main characteristics: lessons are collaboratively 

planned, contain an overarching goal or vision, observed by others, discussed openly, and 

are recorded for data gathering purposes (Lewis, 2000). There have been several attempts 

to modify this format to fit into the American educational system (Perry & Lewis, 2009). 

The purpose of this qualitative, exploratory case study investigated if using a 

modified lesson study design, on three-dimensional teaching and learning changed what 

occured in the primary classroom. This study looked at how lesson study may influence a 

primary teacher’s use of the Next Generation Science Standards (NGSS) and the 

associated concept of three-dimensional learning. The contributions this study made to 

current literature helped explore the use of lesson study as a method of implementation of 

the NGSS and three-dimensional learning.  

Research Questions 

This study presented one overarching question and two subordinate questions: 

1.) To what extent does the use of lesson study influence primary grade 

teachers’ implementation of the Next Generation Science Standards? 
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a. How does the use of Lesson Study influence primary grade teachers’ 

implementation of the associated three-dimensional learning within 

their classroom instruction? 

b. How does the use of Lesson Study influence primary grade teachers’ 

knowledge of the purpose of the Next Generation Science Standards’ 

performance expectations on student learning in science? 

Significance of the Study 

The results of this study provided an understanding of how lesson study could be 

a useable method of rural professional development, especially surrounding the complex 

aspects of instruction in three-dimensions. It added information to the knowledge base of 

how teachers can renegotiate their pedagogy, through creation, assessment, reflection, 

collaboration, and recreation of three-dimensional science lessons.  This information can 

be used to inform science education leaders of the effects lesson study may have on 

three-dimensional teaching and learning, formatively assessing student-learning 

outcomes, and the reflective practice.  The interviews, documentation, and observations 

conducted in this study can assist science teacher educators in improving their rural 

professional development models surrounding three-dimensional learning. 

The main focus of lesson study was on improving lessons so that the lessons met 

the teacher’s specific objective (Lewis, 2000; Stigler & Hiebert, 1999). As a lesson study 

group worked to improve lessons, teachers gained better insight into student learning and 

what their students needed to make the connections so learning objectives were met 

(Lewis, Perry, & Murata, 2006).  The use of a lesson study group allowed the teachers to 
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focus on the purpose of the NGSS performance expectations while creating, revising, and 

implementing three-dimensional lessons in their classrooms. As the teachers worked 

together to improve their NGSS lessons, they better perceived the connections between 

the performance expectations, three-dimensional learning, and their classroom 

instruction.  This study could help teacher educators develop better models for successful 

collaboration in rural populations, and it may develop better science teaching abilities for 

primary teachers. The use of lesson study and collaboration may allow for a change to the 

culture of classroom isolation prevalent in many schools. The isolation intensified in the 

rural environments because of simple lack of colleagues or collegial time.  

A final area of significance comes from administration and policymakers having a 

more thorough understanding of what collaboration looks like within a rural school and 

whether that collaboration brings about permanent change to classroom instruction. 

“There is no one rural America. Rural America and rural communities are extremely 

diverse” stated Brown & Swanson (2007 p. 15). Therefore, it is important to consider 

what works for one rural district may not work for all. However, for many rural teachers 

working with their peers, in a job-embedded fashion, may be the only option available to 

them if they truly want to change their practice. 

For conceptual shifts and behavior changes to take place, one must change the 

current culture of the organization (Spiro, 2010). School culture change is a slow process.  

Kuhn (2012) showed that even scientists can be caught within a paradigm that does not 

allow for change.  Education is a cultural activity and is resistant to change (Stigler & 

Hiebert, 1999). Professional development educators, administrators, and teachers are 

caught in a culture that likes to talk about reform, dictates reform, creates policies for 
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reform, complains that reform is not happening, but frequently does not provide the tools 

needed for reform (Stigler & Hiebert, 1999).  This study provided insight about how 

reform within a group of teachers can take place. Lesson study and collaboration 

provided these teachers with a method for improving their teaching skills. The concept of 

“anchoring the change” is significant as many major reforms do not become grounded in 

the culture (Kotter, 2012).  If the teacher does not develop the belief that the new way is 

successful, then any changes that were transpiring will be dropped once the professional 

development workshop or class has ended. When rural teachers seek outside professional 

development, they are participating in classroom changes that may not become 

permanent because of a lack of “anchoring the change” (Kotter, 2012).  Lesson study is 

an on-going process that is better suited for creating permanent pedagogical change. 

Therefore, for a rural teacher, a collaborative situation like lesson study, may be the only 

method for permanent change to anchor itself within the culture. Lesson study, with its 

teacher collaboration and reflections on student learning, provides the frequent and on-

going professional development that helps improve a teacher’s practice (Loucks-Horsley 

et al., 2003). This study provided additional information to an already existent body of 

research and literature on how to facilitate teacher change.  

Background of the Problem 

Personal paradigms influence classroom management and instructional pedagogy, 

and often a lack of confidence or feeling qualified to teach a subject inhibits teachers 

from teaching a particular area of the curriculum (Luft & Roehrig, 2007).  A teacher’s 

personal paradigm guides their practice (Jones & Carter, 2007; Pajares, 1992; 

Richardson, 1996) and unfortunately, a large portion of the elementary teacher workforce 
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has a paradigm that they are unprepared to teach science (Trygstad, 2013). This can be 

compounded in rural districts where professional development can be too generalized, not 

effective, or perhaps, not present at all. Few elementary teachers have a degree in a 

science discipline (Banilower et al., 2013), and this may well mean they avoided many 

science content classes in college.  Banilower et al. (2013) reports that only 36% of 

elementary teachers have the suggested number of science classes recommended by the 

National Science Teachers Association (NSTA). Avoidance of science during the college 

years, can resurface in negative attitudes about teaching science in the classroom 

(Appleton, 2008) and the reason for the avoidance in taking the science courses could 

stem from many aspects of attitude, behavior, self-efficacy, and beliefs (Kazempour, 

2014b). Unfortunately, the new science standards will require primary teachers to teach 

both science and engineering when many may feel unprepared (NGSS Lead States, 

2013).  Primary teachers will need to review and revise their thoughts surrounding 

science teaching in order to successfully implement the concept of learning in three-

dimensions. As shared previously, this can be done through a mentorship program, 

persistent training, and collaboration with peers.  

Teachers feel unprepared to teach science. A recent report by Horizon Research 

looked into teachers’ beliefs about their preparedness to teach different science concepts 

and engineering design (Banilower et al., 2013). The report showed that teachers 

perceived hands-on activities were an important part of their pedagogy. It also showed 

that many elementary teachers still felt that explanations and vocabulary needed to 

precede those activities (Trygstad, 2013, p. 6). The report has revealed that about half of 

elementary teachers had a difficult time with differentiating instruction for different 
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learners (Trygstad, 2013, p. 7). The report also showed that in the area of assessment, 

teachers believed they were not well-prepared for figuring out what the students think 

about key science ideas and less than 50% of elementary teachers felt they could assess 

student understanding at the conclusion of a unit (Trygstad, 2013, p. 8). If teachers are 

struggling to understand how to assess science ideas and content, it will be difficult for 

teachers to assess and understand student thinking in three-dimensional learning.  

Theoretical Framework 

It has been recently noted, in an editorial by Lederman and Lederman (2015), that 

the purpose of a theoretical framework is to assist in understanding the problem one is 

studying and the approach that will be taken to understand or answer a problem. The 

particular problem this research investigated was whether or not a collaborative style of 

professional development, namely lesson study, could be effective in assisting rural, 

primary teachers in adjusting to the NGSS. There were several learning theories that used 

the social perspective to create learning and change. Theories utilized to guide this 

investigation included social constructivism developed by Vygotsky (1978) and social 

cognitive learning theory developed by Bandura (1977). The basic tenets of both theories 

are that humans learn more effectively when they are constructing knowledge and when 

there is a social aspect to learning. The social cognitive ideas from Bandura have 

suggested that learning is a triangulation of the development of knowledge (learning), the 

person, and the situation (the social environment). The three components are interactive 

(Merriam & Bierema, 2013). Social constructivism has its foundation in the construction 

of knowledge by using cultural tools, such as language, to scaffold knowledge for those 

who are novices to whatever is being taught (Vygotsky, 1978).  Further study by Wells 
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and Chang-Wells (1992) and Brown and Campione (1990) found that mental models or 

paradigms change when a community of learners construct knowledge together.  

Another critical component of learning and change can be found in the many 

theories of changing pedagogy that exist. Many theories of learning apply to the learning 

for children and adolescence. However, if it is true that the human mind continues to 

develop throughout our lives then it is important to discover how adults learn and how 

change takes place (Bonk & Kim, 1998). Therefore another theory that assisted this study 

was adult learning theory developed by Knowles (1970; 2014). This theory examines 

how children and adults learn for different reasons. Knowles (1970) theorized that adults 

are more self-directed, have vast experience to draw upon, are more goal oriented, and 

want to apply their knowledge immediately. Knowles, Holton, and Swanson (2014) go 

further in their model that shows an adult learner needs to know why, what, and how of 

the learning, needs to be autonomous, uses mental models and other resources, prefers 

learning that is life related, problem centered, contextual, and has some intrinsic value. It 

is important that all of these be considered when designing any type of professional 

development for teachers.  

Most educators agree the desired outcome of professional development is to make 

conceptual changes in a teacher’s understanding of the subject, the teaching of the subject 

and the assessment of learning (Garet et al., 2001; Loucks-Horsley, Stiles, Mundry, Love, 

& Hewson, 2009). The art of teaching, assessment of teaching, and content knowledge of 

the subject is referred to as pedagogical content knowledge (Shulman, 1986). For this 

investigation, the stated theories provided a foundation for how teachers were allowed to 

direct their own learning in a social environment and alter their perspectives on three-
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dimensional learning. Moreover, teachers were provided increased pedagogical content 

knowledge (PCK) that cultivated their novice understanding towards the conceptual 

change needed for three-dimensional classroom practice.  

Beliefs influence a teacher’s practice and classroom behaviors (Skott, 2015).  It is 

unclear whether it is the beliefs or behaviors that change first.  Guerra and Nelson (2009) 

stated that changing behaviors do not necessarily result in changed beliefs. Though 

Guskey (1986) believes the behavior needs to change and that will be followed by a 

change in beliefs. Kotter (2012), a well-known author on systems change, stated that a 

person’s behaviors are one of the most important ways that someone can undermine a 

change effort. When referring to a program in need of change, Spiro (2010) stated that a 

changing culture and a change in behavior happens together.    

Beliefs and behaviors interact together to bring about change. If one is to reform 

anything in education, one must consider teacher beliefs; it is a teacher’s belief that will 

likely guide a teacher’s action and decision more than truth (Bandura, 1997). Lasky 

(2005) found that a teacher’s identity was intimately connected to their beliefs about the 

reason for school and correct methods of teaching. Hamman, Coward, Johnson, Lambert, 

Zhou, and Indiatsi (2013) found that student teachers change their behaviors based on 

their belief about the type of teacher they want to be in the future. It appears that teachers 

may try something new or attempt to change their pedagogy based on their professional 

teacher identity. If a teacher embraces a constructivist teacher identity, then professional 

development filled with hands-on activities will be appealing.  However, beliefs are only 

part of the picture. Lim and Chai (2008) found that a teacher’s beliefs alone are not 

sufficient to change a teacher’s practice. Buehl and Beck (2014)  found that only 
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addressing the external factors will not bring about expected change. Therefore, both 

must be addressed. This research is based on the idea that in a more social environment, 

behaviors and beliefs will grow and strengthen together, and will facilitate more 

conceptual change within a teacher’s practice.  

Assumptions 

Ford and Yore (2012) have been studying aspects of critical thinking, reflection, 

and metacognition and how these aspects can enhance cognition and learning.   An 

assumption for this research project was that teachers would critically think, reflect, and 

analyze attempts at designing lessons in order to gain understanding of how science can 

work in the primary classroom. This research project employed a modified lesson study 

design (Fernandez, 2002) and mentorship (Appleton, 2008) to assist the teachers in 

developing NGSS aligned, three-dimensional science lessons; while working towards a 

better understanding of how the performance expectations, three-dimensional learning, 

and instruction interact. The use of mentorship in this investigation, as well as the regular 

data collection and observations, helped to ensure that the teachers interacted 

collaboratively and meet regularly. The mentor helped keep the focus on the NGSS, 

three-dimensional learning, and the performance expectations. Therefore, with this 

intensive focus and guidance, there were small changes to the teachers’ perceptions about 

the NGSS, three-dimensional learning, and the reason for the performance expectations. 

Given the scholarly foundation, it was assumed that the social aspect of working together 

in a group, rather than individually, would allow the teachers to develop better 

assessment and pedagogical skills needed for three-dimensional teaching and learning. 

With these assumptions, the structure of this investigation was designed to determine if a 
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more social aspect of designing science lessons helped primary teachers improve their 

knowledge of learning in three-dimensions.  

Limitations 

The primary limitation of this research was the small sample size and the 

familiarity of the researcher with the participants. This led to generalization issues.  

Because this research took place within a rural school, the number of participants was 

only four teachers. Frequently rural educational environments have only one teacher per 

grade; this holds true for the area where this research was conducted. However, even with 

the small sample size and rural location of the district the researcher’s data was 

information rich because of the purposeful selection of the participants.  Creswell (1998) 

stated that individuals in a purposeful sampling are selected because the researcher will 

be able to gain an understanding of a specific situation. This investigation purposefully 

selected participants engaged in an NGSS implementation.  The information and insight 

gained was valuable to future implementation research and professional development.  

Another limitation was the participants were from the district where the 

researcher is employed, and therefore, some bias or desire to participate could have 

existed. The teachers may have wanted to participate to be helpful and may have wanted 

the research to appear successful.  To mitigate this, a discussion surrounding the purpose 

of research in general and the specific purpose of this research took place prior to the 

research beginning.  The discussion focused on how research is about the process of 

gaining knowledge that will lead to additional research rather than a right or wrong 

answer.  
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A participant’s reasons for being involved could have been another limitation.  

There may have been an influence of a teacher’s personal feelings or perceptions about 

teaching science. Each teacher has chosen to participate in a professional development 

aimed at developing an understanding of the Next Generation Science Standards, prior to 

start of the lesson study, as a professional development option. This implied that the 

teachers believe science is important in the primary grades.  The teachers, working within 

the lesson study, are required to create science lessons for the NGSS professional 

development sessions to be complete.  Unfortunately, this suggests that a teacher could 

have been more interested in the credits, publication, or monetary compensation that was 

received by participating in professional development, rather than the development of 

their science teaching skills.  

Definition of Key Terms 

This research and its terms are quite familiar to those in educational settings; 

however, for readers who are not in education some terminology will be vague and 

unfamiliar.  The following terms are defined to assist the reader. 

Next Generation Science Standards (NGSS) – a state-based development of K-

12 science standards (NGSS Lead States, 2013). The NGSS was based on previous works 

of the Framework for K-12 Science Education, which was developed by the National 

Research Council (2013). The standards focus on what a student should be able to know 

and do. These standards draw on the work done in “Science for All Americans” (1989), 

“Benchmarks for Science Literacy” (1993) and the “National Science Education 

Standards.”(1996).   
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Three-Dimensional Learning – this concept is based in the idea that science 

lessons and the performance expectation of the NGSS should contain the three 

dimensions of science: the core ideas, practices, and crosscutting concepts.  The three-

dimensions should be intertwined within lessons and assessments (NGSS Lead States, 

2013). 

The Framework for K-12 Science Education – developed by the National 

Research Council (2012); this report provides a new vision of K-12 science education. Its 

focus was to increase student interest in the sciences by providing a foundation in 

science, engineering, and technology. 

No Child Left Behind Act of 2001 –a federal policy designed to close the 

achievement gap for students.  It specifically references accountability, flexibility, and 

choice.  It was designed to help improve academic achievement for the disadvantaged. Its 

original focus was on reading and math.  Ultimately, in 2007 there was supposed to be 

accountability measures for science (NCLB Act). However, that accountability did not 

have to be reported in adequate yearly progress (NCLB, 2001). 

Adequate Yearly Progress (AYP) – can be defined as a measurement that holds 

a school district, administrators, and even teachers accountable for the academic 

performance within their schools.  It is a section of the No Child Left Behind Act of 

2001.  It requires all states ensure that all children have a fair and equal education. A 

variety of requirements were mandated including standardized assessments that measured 

the students’ progress towards academic achievement. Schools that do not reach AYP are 

designated as schools needing improvement (NCLB, 2001). 
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National Assessment of Educational Progress (NAEP) – an economics, 

science, and writing exam.  It is given to students across America in 4th, 8th, and 12th 

grades. Cooperation from schools is strongly encouraged (Beaton & Zwick, 1992).  Its 

primary significance is to monitor changes across the nation in achievement and 

participating states (Jones, 1996). 

Common Core State Standards (CCSS) – these are standards were published in 

2010 and focus on mathematics and English/Language Arts (ELA). These standards have 

been adopted by many states. The CCSS are rigorous and focus on what a student should 

know and be able to do by the end of a grade level. (National Governors Association 

Center for Best Practices, 2010) 
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CHAPTER II 

REVIEW OF THE LITERATURE 

“I hear and I forget. I see and I remember. I do and I understand,” Confucius is 

credited with this saying which addresses, to some degree, human learning and 

development. It is important to note when humans do an activity there is usually some 

tool use involved and that the active use of tools assist in developing a rich understanding 

of what the tool is, what it is used for, and how it could be used in other circumstances. 

When learning is coupled with culture and its social aspects, humans develop specific 

behaviors and beliefs that guide their choices.  

Social Perspectives on Learning 

Teacher training and professional development are learning activities that 

typically occur in collaboration with others and might best be examined through a social 

learning perspective. The social learning perspective contends that learning takes place 

within a group and is connected to social cognitive theory and social constructivism – 

both of which inform collaborative aspects of teacher training. Social learning 

prospective is defined, in large part, by the ideas of Vygotsky, Bandura, and Brown, and 

are considered to be the main theorists who focused on the social aspect of learning. 

Vygotsky’s focus was on the use of cognitive tools that assist in learning. His concept has 

maintained that a complex relationship exists between what a person can do alone and 

how much they can learn with the help of a mentor (Vygotsky, 1978). Vygotsky focused 

on the idea that one cannot separate the social context from learning and development. In 

addition, he had a deep belief that language and thought develop in concert. The concept 

of learning from a more knowledgeable other was and continues to be a large part of his 
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social context theory. Bandura on the other hand followed a more modeling and 

observation approach. Bandura was influenced by a behaviorist perspective during his 

early years (Crain, 2000).  His focus was on modeling and observational learning, as well 

as the concept of outcome expectancies and self-efficacy.  His theories involve an 

interaction between the behavior, the person, and the environment (Bandura, 1977). 

However, that interaction contained a social element, even if that social element was 

passive in nature.  

Much later in the 20th century, Brown begins to look at the possibility that both 

modeling and scaffolding require a conscious participation.  Brown’s work grew from the 

constructivist idea called situated learning (Lave, 1991). His contribution to the social 

learning perspective was the use of cognitive apprenticeship.  Brown stated that thinking 

must be visible for modeling or scaffolding to be effective (Collins, Brown, & Holum, 

1991). There must be active and conscious participation on the part of the learner if new 

skills are to be acquired. Humans belong to a social group no matter how independent a 

person might act; people are bound by the context of society and culture. Similarly, 

teachers are bound by the culture of their school environment, this includes the type of 

professional development teachers receive. Peterson and Deal (1998) recognized “culture 

as the overall norms, values, beliefs, traditions, and rituals that build up over time as 

people work together, solve problems, and confront challenges”(p.28). In today’s rural 

schools, the norm for professional development tends to be more workshop or institute 

style and tend to be more regionally based rather than specific to the needs of a specific 

group (Glover et. al., 2014). However, the teachers in rural areas report a willingness and 

desire to participate collaboratively with their peers. 
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Social Cognitive Theory 

The theory of social cognition contends that humans learn more efficiently in a 

social situation, especially where they can observe and model behaviors (Schunk, 1996); 

thus, teacher training programs that embrace a social cognitive approach are also more 

likely to be efficient at teacher training than programs that do not. Bandura (1986), a 

major theorist for these ideas, pictured learning as a relationship between the 

environment, the interactions, and the person. Social cognitive theory helps to explain 

how “on the job” training and mentorship are successful methods of imparting new skills 

(Crain, 2000). The new skill needs to be modeled as people work together towards 

change. Furthermore, the modeling of new skills and the collaborative aspects of teacher 

training may have positive influences on one’s self-efficacy, and a person’s perceived 

abilities to accomplish a task. If humans are to develop a new skill, they need to have a 

positive sense of self-efficacy that they can develop a new skill and need to be able to 

recover quickly if failure occurs (Bandura, 1989). The ability to preserve when faced 

with difficult task is the hallmark of high self-efficacy. 

Self-efficacy is closely related to beliefs; however, it is more about one’s 

perceptions of being successful at a task. Bandura (1977) suggested that self-efficacy is a 

person’s perceived ability to establish and implement an action plan required to achieve 

one’s goals.  Bandura (1997) showed that a person’s beliefs about their ability to perform 

an activity, rather than their actual ability, influences whether or not they will make 

attempts to do the activity. Bandura’s ideas of self-efficacy may likely be a reason that 

teachers often choose not to teach science. There are multiple ways teachers sidestep 

teaching science (Appleton & Kindt, 1999). They postpone it, wait for unexpected events, 
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and work it into thematic teaching to name a few. Darling-Hammond (2000) has 

suggested that a teacher’s qualification and preparations to teach a subject will influence 

their students’ learning. Teachers who are not prepared or have negative experiences with 

science teaching may not teach science well or may simply avoid it (Appleton, 2008). It 

seems that improving a teacher’s internal view of their abilities to teach science could 

lead to more science being taught in today’s classrooms.  

In an effort to improve a teacher’s confidence, motivation, and science teaching 

self-efficacy; professional development is often offered as the primary method of 

improving a teacher skills and aptitude. McKinnon and Lamberts (2014), for example 

researched how pre-service and in-service teachers could improve their self-efficacy by 

participating in a series of workshops developed by an informal science center. 

Discussions with colleagues, along with hands-on activities, were the most frequently 

cited reason the teachers felt better about teaching science.  

Discourse and collaboration have been shown to be an effective method of 

improving self-efficacy in many studies. Research done by Garet, Porter, Desimone, 

Birman, and Yoon (2001), pointed out that professional development that is collaborative 

in nature can improve teacher self-efficacy. According to Garet et. al. (2001), 

collaboration that is designed for a group of teachers sharing a similar context, will be 

more effective than a collaboration of teachers that have different working environments. 

Another example of effective collaboration involves several teachers from a single 

district. In this instance Briscoe and Peters (1997), found the participants were more 

inclined to continue the use of methods learned during a summer institute when they had 

support from their fellow colleagues. It seems that acquiring new skills and knowledge, 
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in a trusting and collaborative environment, can lead to an increase in teacher self-

efficacy, as well as changes to the classroom.  

Social Constructivism 

Social constructivism, developed by Vygotsky (1978) is a complementary lens to 

social cognitive theory and thus, offers additional information to assist in cultivating 

primary teachers’ abilities in teaching science. Vygotskian thinking allows knowledge 

construction to be enhanced by engaging in social talk with groups about an activity or a 

problem (Driver, Asoko, Leach, Mortimer, & Scott, 1994). One type of social group 

common in education are professional learning communities (DuFour & DuFour, 2012). 

Professional learning communities offer teachers the opportunities to utilize Vygotsky’s 

ideas of social construction of knowledge and scaffolding (the building of new ideas with 

the assistance of others that might have more experience) to improve their classroom 

pedagogies and student achievement. Teachers can consider thoughts and ideas to try in a 

lesson and analyze the outcomes in a professional atmosphere. Vygotsky (1978) 

suggested that through coaching or mentorship people can be lead to do something better 

than they could do alone.   Vygotsky termed this concept the “zone of proximal 

development” (ZPD). Vygotsky’s ZPD can be explained in a few different ways (Wenger 

& Lave, 1991).  The classic definition is as stated; a learner can learn more with a more 

knowledgeable person assisting. Vygotsky believed that a person can reach farther in 

skill and understanding with the assistance of someone who has more knowledge. He 

applied this to education and child rearing; however, the concept is equally applicable 

when considering adult learning.  This idea is often termed scaffolding and is a standard 

interpretation for Vygotsky’s theory.  Another view is found in the idea that abstract or 
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scientific concepts need to be taught by a more knowledgeable person.  He argued that 

the student has everyday concepts that provide a framework for understanding.  As the 

scaffolding process begins, the learner becomes more aware of the more complex 

scientific concept and the supporting trainer or mentor helps the learner to understand the 

structure of the concept (Crain, 2000). If this version of scaffolding is applied to 

developing a teacher’s pedagogical practice, it can be said that the current understanding 

of hands-on science is an everyday concept.  Teachers might suggest that science should 

be taught in an inquiry manner (Banilower et al., 2013). However, this type of pedagogy 

is not the sophisticated use of inquiry that a science educational researcher would like for 

students. Science teacher educators would like to see far more integration of the three-

dimensions, the cohesive integration of scientific content, practices, and concepts.  Many 

elementary teachers have developed “activitymania,” which is a series of disconnected 

activities (Moscovici & Nelson, 1998). Three-dimensional learning requires a much 

greater depth of knowledge and understanding of how the three-dimensions are 

intertwined. “Activitymania” will not serve students or teachers.  It will be important for 

teachers to receive coaching, modeling, and scaffolding for these new three-dimensional 

skills to develop.  They will need time to reflect, explore, and articulate their thinking to 

integrate three-dimensional learning in a manner beyond simple hands-on activities.  

Cognitive Apprenticeship 

A social context seems to be important to learning and development, whether it is 

children or adults. Brown, Collins, and Duguid (1989) began to draw some conclusions 

about how formal schooling does not tend to develop the complex skills that are needed 

to develop expertise in the modern world. Furthermore, it has been stated that 
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conceptualization and problem-solving are for the most part absent in the curriculum 

(Collins, Brown, & Newman, 1989).  In many ways, the use of three-dimensional 

learning in the classroom will require teachers to conceptualize how the performance 

expectations of the NGSS guide their teaching and what to look for when evaluating 

student learning.  This will be best accomplished if teachers have a mentor and work 

together.   

Building on Lave’s ideas (1991) of situated learning and how traditional 

apprenticeship works; Brown looked at the differences between schooling and 

apprenticeship. In traditional apprenticeship, the mentee or apprentice is coached towards 

developing a skill. Scaffolding is provided for the mentee and as skills are acquired the 

mentor or master begins to remove the assistance and provides advice or suggestions as 

the mentee learns the desired skill thought guided practice, then independent practice. As 

with Bandura’s modeling, observation plays a key role in apprenticeship. It helps the 

learner see the “whole picture” of the task. The learner develops a conceptual model. 

Several other key factors help the mentee in traditional apprenticeship, including 

feedback, reflection, and the aforementioned scaffolding.  

Collins et al. (1989) consider that in order for students to learn cognitive skills, 

such as problem solving, the teacher’s thinking must be made visible for the student to 

learn needed skills.  Students needed to “see” what the teacher is thinking so they can 

reflect and articulate their thinking. However, in order to “see” thinking, one must have 

an activity to process the information. Cognitive apprenticeship tends to embed the 

learning in an authentic activity that is social in nature (Brown et al., 1989, p. 37). 

Brown’s cognitive apprenticeship focused on collaborative learning as the method to 
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assist with developing the expertise. “If people are going to learn and work in 

conjunction with others, they must be given the situated opportunity to develop those 

skills” stated Brown et al (1989, p. 40). Students must be given the chance to work 

together to try things out, think about what they tried, and reflect on the outcomes. 

Likewise, teachers must be given opportunities to learn collectively and within the 

context of their work if they are to develop new pedagogical skills.  

Brown believed that an optimal learning environment would include, modeling, 

coaching, scaffolding, articulation, reflection, and exploration (Collins et al., 1989). In 

addition, Brown (1989) writes that “learning, both outside and inside school, advances 

through collaborative social interaction and the social construction of knowledge.” (p. 40) 

If Brown’s ideas are put to use in teacher training models, as NGSS implementation 

grows, a deeper understanding of the complexities of three-dimensional learning could be 

obtained. As a mentor guides a teacher, and as techniques are scaffolded into a teacher’s 

practice, the teachers will be able to “see” how their own thoughts on science teaching 

should change. As they work together, they will reflect and explore new techniques, 

which may or may not work, but each time they will build new knowledge together.  

The more knowledgeable other in a cognitive apprenticeship must make their 

thinking visible and the apprentice must be able to make their thinking visible to the 

mentor. Brown (1989) focuses on three things a mentor or teacher should do to assist in 

making their thinking available to the student. The teacher should help the students 

visualize the processes of the task, use an authentic task so that students understand the 

importance, and create multiple similar situations so that students can transfer their 



Texas Tech University, Camille T. Stegman, May 2017 

33 

learning to a new context (p. 3). These steps help bring the mental processes to light so 

that students can practice and observe their own developing thinking.  

Relating the Three Concepts Into a Framework 

The theoretical framework for this study focuses on the intersection of the three 

theorists, Vygotsky, Bandura, and Brown.  Each share some commonalities and views of 

how people learn. The pictorial representation (Figure 1) assists in showing the 

connections between the theories.  

 
Figure 1: Theoretical Framework 
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As shown, all three theorists have found that for learning and development to 

occur there must be a perceived expert, involved in modeling behaviors or experiences. 

Bandura (1989) saw this as identification, the concept where a person is more likely to 

act or behave like someone with whom they identify. Vygotsky (1978) and Brown (1989) 

clearly show that a mentor or coach is necessary to bring about learning.  All three 

theorists show that learning must be internalized. Brown with his thoughts on 

articulation, Vygotsky (1978) and his connections to thought and language, and 

Bandura’s (1977) thoughts on verbal persuasion lead to a connection by all three in 

verbalization and internalization. The ideas found by the three theorists are that a person 

must articulate, think aloud, or begin to verbalize thoughts, and be encouraged in those 

thoughts, to begin to understand a new concept. The three theorists also agree on a social 

aspect of learning and the sociocultural influence. Each implies that social interaction and 

culture helps build knowledge. Bandura (1977) has his theory on the environment in 

relation to learning, Vygotsky’s (1978) reflects on how important culture is to 

development and Brown (1989) contends that learning should be situated in context and 

is enhanced by social interaction.  All three believe that learning is assisted through 

society, culture, and social interaction.   

Lastly, each theorist examines the concept of stretching beyond current 

capabilities, or as this research has termed it “productive learning.” Bandura (1989) has 

the concept of mastery experiences, Vygotsky (1978) and Brown’s (1989) theories 

contains a component of scaffolding and the idea of “the zone of proximal development” 

(ZPD).  The ZPD denotes the potential of the learner to rather than the current 

understanding of the learner. It is what a learner can learn with assistance of a more 
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knowledgeable other. The ZPD suggests that learning should stay within the optimal 

range to avoid trailing behind the learner’s growth. Vygotsky (1978) concludes that the 

learner must be ready to move from their everyday understanding of a concept 

(spontaneous concepts) towards the more abstract version of the same concept (scientific 

concepts) once they have had enough experiences to assist in developing the new 

understanding (Yilmaz, 2011). Vygotsky’s ZPD (1978) informs this framework of 

productive learning by providing a foundation and guidance to the perceived expert so 

that the learner can develop a more abstract understanding, through scaffolding or 

bridging old understanding towards a new understanding, of the performance 

expectations and three-dimensional learning. Collins, Brown, and Newman’s (1989) 

theory on cognitive apprenticeship offers the ideas of articulation and reflection. 

O’Donnell and King (2014) suggest that Brown’s theories uses the Socratic dialogue of a 

mentor asking the learner to articulate their newly developed understanding and to 

explore that knowledge by applying it. Brown’s work is found within the productive 

learning framework by helping the learner to articulate developing knowledge with the 

perceived expert, as well as with their peers, and to use that learning in new authentic 

ways and in a meaningful context.  

Productive learning is defined, by this researcher as building knowledge, using an 

authentic experience and a social setting; where a perceived expert can model ideas and 

peers can negotiate the meaning of the idea, through verbalization, and this eventually 

leads towards the internalization of new thoughts.  The scaffolding, provided by the 

perceived expert and the social setting of peers, allows for an interim level of knowledge 
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to develop. A space where the learner can bridge old information to new information. 

This is an integral part of learning and development (Granott & Parziale, 2002).   

Research framework. The research questions focus on what influence productive 

learning with others will have on the internalization of three-dimensional learning and the 

performance expectations. The research brought together participants that frequently do 

not have the opportunities to interact with others, or receive guidance from a mentor, due 

to the culture often found in rural educational settings. To achieve a productive learning 

approach, the use of a perceived expert, guided the more abstract understanding by 

providing the participants with knowledge that assisted in building a bridge between 

current understanding and a new pedagogy that is necessary for a successful 

implementation of the NGSS. By using productive learning, as a lens for this study, the 

researcher looked for transitions towards three-dimensional teaching and learning, and an 

overall understanding of the purpose of the performance expectations found in the NGSS.  

Peer collaboration as a model for teacher training. Each teacher has a different 

amount of experience and understanding with the concept of inquiry and science in the 

classroom.  If teachers can frequently work together, with the assistance of a more 

knowledgeable peer, perhaps their everyday concept of science teaching can come closer 

to the more rigorous outcomes in the NGSS, and its associated three-dimensional 

learning and performance expectations. The pedagogical changes needed to be 

successfully implementing the NGSS will require classroom instruction to use three-

dimensional learning and the performance expectations. Teachers will need to 

formatively assess their student’s learning to see if their students are on target to reach 

the performance expectations at the end of instruction. A recent three-year longitudinal 
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study on primary teacher professional development by Sandholtz and Ringstaff (2014) 

found that primary teachers did experience gains in self-efficacy when the teachers 

changed their instructional practices and related their instruction to student learning.  The 

study allowed for the teachers to work with their peers.  Additionally, Loucks-Horsley et 

al.(2003) has suggested that effective professional development “provides opportunities 

for teachers to collaborate with colleagues and other experts to improve their practice” (p. 

44).  Though it is evident that collaboration and social exchange are helpful in building 

knowledge, these studies emphasized larger peer groups, but the size of the group may 

not need to be several people.  Perhaps the co-constructing of knowledge can happen 

with just a few people working together towards new understanding and change.  

Negotiating Change Towards Effective Three-Dimensional Teaching 

When organizations make transformational changes they face numerous 

challenges and encounter mishaps (Kotter, 2012). All of these challenges and mishaps 

lead to consequences that will reduce the effectiveness of the change desired, such as 

those desired in the NGSS and the way science is taught – using three-dimensional 

learning more explicitly. The concept of three-dimensional learning will require a 

transformational change to teaching (Bybee, 2013). In order to avoid pitfalls, one must 

reflect on how change takes place for adults. It is necessary to understand how adults 

learn and what influences will help to change a teacher’s practice.  

Adult Learning Theory 

It appears that adults learn for a variety of reasons which can be put into several 

categories.  According to Houle (1961), adults learn to reach goals, to seek knowledge, or 

to interact with others. Later, Knowles (1970) developed a term known as andragogy, 
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which helped define differences between children and adult learning.  In his article, he 

built a case that children learn for the future, of what will come to pass and adults learn 

because they have a desire to apply a skill immediately.  Adults are more performance 

oriented in their learning (Knowles, 1970, p. 44).  Knowles continued by identifying 

adult learning as the point when the learner develops the concept that they are learning 

for themselves rather than for the others. Adults are more problem-centered and need to 

know why they are learning something new. In addition, adults have more to contribute 

because of their own experiences, which assist in relating new experiences to past 

experiences, and adults have more to contribute in collaborative learning situations 

(Knowles, 1970).  

Another aspect of adult learning is social engagement, which includes talking 

things out and considering other ideas. Social engagement is the common thread that 

seems to run through theories on human learning and development. Candy (1991) has 

theorized that adult learning is a negotiation that involves the adult developing and 

constructing meaning (p. 275). Constructing knowledge is not only a mechanical process; 

it involves the social context where the development of meaning is taking place (Merriam 

& Bierema, 2013). This makes learning an active process for adults.  The active 

constructing of knowledge, for the adult learner, is often self-directed, reflective, 

transformational, and situated in context (Merriam & Bierema, 2013). 

In 1991, Mezirow developed a theory behind adult learning that focuses on 

transformative learning.  Merriam and Bierema (2013) define transformational learning 

as “a learning process of making meaning of ones’ experience.” (p.84) Mezirow’s theory 

emphasizes changes to one’s viewpoint because of discourse. Through discussion and 
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communication, a person can explore other alternatives than beyond their current 

perspective and ultimately, negotiate a new framework where different ideas, beliefs and 

feelings can be fostered (Mezirow, 2003). The importance for adult learning seems to be 

discourse, reflections, and interaction.   

As one considers how an adult learner creates change within their mind, one 

needs to look at adult learning vs. adult development. Granott (2011) has questioned, in 

her article on adult learning, that Piaget’s theories on learning and development 

presuppose that learning is different from development, and that once a person reaches 

the formal operation stage, one is no longer developing.  A person simply applies 

learning to new situations and one is not developing a new skill (p. 15). However, 

learning and development may not be as different as has been previously thought. Granott 

has taken the view that adult learning includes adult development and that it is found in 

collaborative learning situations (2013, p. 16).  

The idea of microdevelopment assists in demonstrating how collaborative 

learning can help a group learn more than they might learn independently. Granott (1998) 

ran an experiment that explored groups or teams, known as an ensemble, working 

together to co-construct knowledge about a how a robot worked. The participants’ 

interactions were recorded and analyzed for information about the ensemble. As the 

participants constructed their knowledge they regrouped and shared what they had 

learned. The study revealed how information was reorganized and scaffolded for each 

regrouping of the participants. Granott (2011) believed that traditional ways of analyzing 

learning and development failed to look at the learning of the entire group and tended to 

only to look at the development of the single individual. However, in a social situation, 
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knowledge is being constructed as a team where each person is building upon the 

understanding of others and the activity (Granott, 2011, p. 28). As one considers how 

learning and development takes place for teachers, it is equally important to take a look at 

how a teacher’s learning is affecting their beliefs, and whether or not those beliefs are 

being changed.  

Teacher Beliefs and Practice 

There appear to be three domains that influence a teacher’s willingness to teach 

science. Those who have negative attitudes (Appleton, 2006; van Aalderen‐Smeets, 

Walma van der Molen, & Asma, 2012), low self-efficacy (Kazempour, 2014a; Riggs & 

Enochs, 1990; Sandholtz & Ringstaff, 2014), and certain beliefs about science (Bryan, 

2003; Eick & Reed, 2002)  may shy away from teaching science even if the same 

teachers feel that it is an important subject. A teacher’s personal beliefs and attitude play 

a significant role in the type of pedagogy a teacher chooses for science class (Kang, 

2008).  

In the 21st century, even the most veteran teacher believes that children should 

share, think, and reason. In the wake of NGSS adoption, 85% of teachers believe 

increasing the depth and focus of science is important (Trygstad, 2013). The same study 

showed many teachers have participated in science professional development within the 

last three years. Only 48% of the teachers in grades K-5 had the opportunity to engage in 

a science investigation (Trygstad, 2013). Many teachers hold a particular view (learner-

centered, constructivist, group work) of pedagogy; however, this does not mean that these 

same teachers are using it in the classroom (Lim & Chai, 2008; Liu, 2011). The personal 
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beliefs, attitudes, and self-efficacy that teachers hold about science teaching may be 

getting in the way of what they say they value.  

A belief system includes a person’s beliefs, values, and attitudes (Pajares, 1992).  

Beliefs seem to be an excellent gauge for the decisions people make in their lives. 

Richardson (1996) suggested that changes to beliefs could occur when a teacher reflected 

on an experience. Beliefs tend to dictate how a person attempts to teach science and 

shapes a pre-service teacher’s pedagogical content knowledge (Bryan, 2003; Eick & 

Reed, 2002). Therefore, it is essential to focus teacher programs on reform-based 

curriculum, science standards, and science content (Kazempour, 2014a). For experienced 

teachers, it is equally important for teacher educators to assist in-service teachers in 

reflecting on their own professional beliefs, attitudes, and self-efficacy if a change is 

needed in a teacher’s practice (Bryan, 2003). 

An attitude has been defined by Ajzen (2001), as the tendency for a person to 

evaluate something, usually an object, either favorably or unfavorably.  Attitudes can be 

complex, and they are fairly constant once they are created (Ramey-Gassert et al., 1996). 

There are two primary attitudes that a teacher can hold about science. There is a personal 

attitude towards science as an everyday citizen, and there is a professional attitude 

towards science teaching (van Aalderen‐Smeets et al., 2012). Personal attitudes can 

include beliefs about the overall need for science, a general interest in science, and 

influence science has over a person’s decisions; while professional attitudes include 

beliefs in regards to teaching science in school (van Aalderen‐Smeets et al., 2012). 

Appleton (2006) found that negative experiences during a teacher’s K-12 years can lead 

to negative attitudes towards teaching science in their classrooms. This is unfortunate for 
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children whose teachers are hoping to prepare for a modern world. Improving primary 

teachers’ attitudes towards science is one of the major challenges in today’s educational 

arena (van Aalderen-Smeets & Walma van der Molen, 2013). If a teacher’s professional 

attitude about science can be improved; their pedagogy should reflect that change.  

Teacher Pedagogical Content Knowledge 

Abell and Smith (1994) indicated that the pre-service teachers’ view of science 

were strikingly similar to the views of 7th- grade students even after attending science 

method courses designed to improve their overall understanding of science. This finding 

suggested that teacher content knowledge needs improvement if science education is to 

improve. Supporting this idea, Kang (2008) cited the lack of content knowledge as a 

primary reason a teacher reverts to a traditional teaching methods when they believe in a 

more active approach.  But content knowledge is not the entire picture when one 

considers what a teacher must know to be successful at teaching. 

“Mere content knowledge is likely to be as useless pedagogically as content-free 

skill” said Shulman (1986, p. 8). Shulman (1986) defined pedagogical content knowledge 

as specific knowledge of how a teacher teaches a subject.  It includes knowledge of what 

will be productive to learning and what will be fruitless. He conceptualized three main 

types of content knowledge: 1) pedagogical content knowledge, 2) curricular content 

knowledge (context knowledge), and 3) subject matter content knowledge. Shulman 

(1986) believed that in addition to the types of content knowledge, there were three forms 

of knowledge; prepositional, case, and strategic knowledge, that the types of content 

knowledge can be organized (p.10). Deeper into his explanation, Shulman (1986) says 

that one finds that teacher knowledge of how to teach involves constructs that are moral, 
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ethical, theoretical, and practical. Teacher’s gather understanding of how to teach from a 

particular event (or case), as well as strategic understandings that are based on 

incompatible information that has been gathered from experience.  

Teachers construct knowledge and understanding from a myriad of sources 

including their values, beliefs, attitudes, self-knowledge, subject knowledge, reflection, 

teacher education program, and professional development. To develop pedagogical 

content knowledge (PCK), teachers must include a dynamic component of actively 

learning from their teaching and reflecting on that learning (Shulman, 1986). A 

visualization of Shulman’s PCK came from Cochran, King, and DeRuiter (1991).  This 

model of PCK was Venn diagram and grew as a teacher’s knowledge of students, subject, 

pedagogy, and contexts grew. This version of PCK was hierarchical. Magnusson, 

Krajcik, and Borko (1999) proposed a version with nine areas informing a teacher’s PCK. 

Their model was specific to science; however, Magnusson et al. believed that other 

disciplines might have similar models but would not be exactly the same. Veal and 

MaKinster (1999) designed two possible models for PCK, which reflects several studies 

into the subject. The work categorized a framework for PCK development in teacher 

education. It included general PCK, domain specific PCK, and topic-specific PCK all 

surrounded by pedagogy. The other model proposed had eight embedded parts to PCK 

that were not hierarchical in nature to each other. This model included as separate pieces 

content knowledge and knowledge of students as building blocks to the PCK. 

Surrounding the PCK is the nature of science, assessment, pedagogy, classroom 

management, and so forth.  A teacher’s PCK effects what and how they teach in the 

classroom. The goal of professional development is to improve a teacher’s PCK and to 
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make changes to the teacher’s classroom pedagogy. Frequently professional development 

experts are hoping that if enough teachers change then the school culture will change. 

The NGSS and the associated three-dimensions of learning will require changes to a 

teacher’s knowledge, understanding, and pedagogy in science instruction and will most 

likely require school administrators to understand the dynamics involved in those 

changes (Bybee, 2013). As Merriam and Bierema (2013) state, “Change often requires us 

to reframe our understanding of circumstances and ideas.” (p. 253). Lastly, according to 

Kotter (2012), institutional change will be most effective in creating a new cultural 

paradigm when those participating in the culture take action towards instituting the new 

methods.  

Bringing Change to the Classroom 

Pajares (1992) believed that research on teaching practices must include 

information about teachers’ beliefs; and if one wants to change classroom pedagogy, a 

teacher’s beliefs have to be considered (Haney, Lumpe, & Czerniak, 2002). Bybee (1993) 

held that to facilitate change within the educational system, a teacher’s beliefs must be 

understood. Therefore, any discussion about changing a teacher’s practice must include 

information about changing a teacher’s perceptions. Many research studies have explored 

the connection between teacher beliefs and pedagogical change (Czerniak & Lumpe, 

1996; Haney et al., 2002; Lumpe, Haney, & Czerniak, 2000). Haney et al. (2002) 

discussed the relationship as a feedback system that has beliefs leading to actions that 

then lead to new beliefs. Quantitative studies seem to be more abundant than qualitative 

methods when looking at teacher change and many of the studies lean towards self-rating 

(Cakiroglu et al., 2012). Intervention studies struggle to show significant change to 
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pedagogy because teachers tend to rate themselves as above average; resulting in skewed 

data. Also, teachers tend to report engaging in certain pedagogical practices that may not 

occur within their classrooms (Stigler & Hiebert, 1999). There are a few studies that have 

shown ways to make change successful and durable.  

Luft et al. (2011) found in a mixed methods study, that change in beginning 

teacher beliefs, pedagogical content knowledge and classroom practices depended on the 

type of induction program the teachers received. The most change occurred when the 

induction program had a mentorship component. Hamman et al. (2013) found that a 

mentor had a significant influence on how a student teacher behaved. The student teacher 

adjusted their behavior to fit the vision of their future self and that if their mentor was not 

the type of future self the student teacher wanted to become the student teacher actively 

altered their behavior to avoid that outcome. This means that changing behaviors could 

be tied to what a teacher believes about their future self. Palmer (2006) found that self-

efficacy improvement becomes more durable when a pre-service teacher is allowed to 

practice the pedagogical changes in their science method course under the tutelage of a 

mentor. A mixed methods study on self-efficacy and change indicated that elementary 

teachers seem more open to changes in pedagogy and that a teacher with low self-

efficacy will have the most change (Lee, Quinn, & Valdés, 2013). One thing is certain, a 

lack of change in pedagogy will most certainly lead to a lack of change in attitude, 

beliefs, and self-efficacy (Guskey, 1986). Professional development, mentorship, 

collaboration, and metacognitive reflection are all potential methods to assist in 

facilitating the pedagogical content changes that are desired. 
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Professional Development in Science 

Research from Granott (2011) states that adult learning and development of 

learning provides foundational similarities in teacher professional development. 

Specifically, Granott (2011) has suggested the following if professional development is to 

be successful as a change mechanism to teacher practice: 

1.  Duration: The time period should be long enough to let the learners construct 

an intuitive understanding. Their knowledge must be robust to support the 

development of more advanced knowledge. 

2.  An appealing situation: The learners should have reason for investing the 

effort to create developing learning. The learning situation must arouse their 

interest involvement and motivation.  

3.  Autonomy: Learners should have the autonomy to define and choose their 

own problems, goals, strategies, and change their activity throughout the 

process. 

4.  Challenge and support: The learning situation must challenge the learners, yet 

give them sufficient opportunities to meet the challenge. It should empower 

them by providing autonomy yet support them by creating ways by which 

they can learn from their actions (p. 30). 

Knowles (1970) stated that formal adult learning should emphasize experiences, 

practical application, and assist adults in letting go of preconceptions. Knowles described 

that adults move from gathering knowledge for the future, to needing the knowledge 

immediately for practical use (p.45). This implies that adults need their educative 
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experiences to be grounded in the moment and the context of why they are seeking the 

knowledge.  Merriam and Bierema (2013) suggested that adult learning needs to engage 

the learner in the process and context of the learning in a meaningful manner to be 

successful. Considering the context for most teacher professional development; practical 

and useful knowledge, grounded in real life experiences about classroom instruction and 

student learning, will be the most meaningful and engaging for teachers (Guskey, 2002). 

Some researchers on professional development in science have offered 

suggestions for enhancing teacher training.  For example, Mellado, Blanco, and Ruiz 

(1998) recommended five phases of training in science for the future primary grade 

teacher.  Their recommendations include reflection, collaboration with others, recording 

of lessons, and receiving feedback both individually and in a group analysis. Similarly, 

Garet et al. (2001) found that collective participation is important, but also added that 

active learning, and duration were essential features in effective professional 

development. It seems that professional development needs to include working together 

for an extended period while analyzing the craft of teaching in order to be useful for 

teachers. Several years later, Loucks-Horsley et al. (2009) developed a framework for 

science professional development that focused on analyzing student learning, reflecting 

and revising, and a commitment to a vision and the standards (p. 22). But perhaps the 

most comprehensive position has been that of Desimone (2009), who has given more 

guidance on how professional development should look by focusing on duration, 

collective participation, active learning, coherence and content focus. Most recently, it 

has been suggested that professional development in science should have active 

participation in analyzing student work and effective classroom instruction, be content 



Texas Tech University, Camille T. Stegman, May 2017 

48 

focused, be aligned with policy and practices, and have a sufficient duration to allow 

repetition, reflection, and improvement (National Academies of Sciences & Medicine, 

2015, p. 156). As one can see, the suggestions from the literature are that teachers be 

actively engaged, be grounded in their classroom instruction, collaborate with a purpose, 

and reflect on student learning.  

Metacognitive Reflection 

Metacognition is the process by where the learner understands their own thinking 

process (Schraw, Crippen, & Hartley, 2006). Reflection is where one critically thinks, in 

the case of teachers, about practice (Schön, 1983). Both are necessary when looking to 

change thinking (Ford & Yore, 2012).  Teachers should not only consider their 

metacognitive thoughts, but also understand how metacognitive development in students 

can improve the student’s conceptual understanding of subject-matter (Zohar & Barzilai, 

2013 p.128). Reflecting the reasons for behaving in a particular manner is usually helpful 

when one is trying to bring about change (Clarke & Hollingsworth, 2002; Tillema, 2000). 

Ford and Yore (2012) believe that the intersection of critical thinking, metacognition, and 

reflection could assist in better knowledge construction and conceptual shifts (p.68). 

Dewey (1917) remarked that “action which is not informed by vision, imagination, and 

reflection is more likely to increase confusion and conflict than to straighten things out.” 

(p.65). Dewey’s statement shows that teaching without thought is not good teaching. 

Reflective thought, thinking critically about practice, and considering one’s own thinking 

processes, can involve teaching colleagues, as in a community of learners.   

Teachers who use reflection with trusted colleagues can assist the teacher in 

making belief changes, and therefore, also assist in making pedagogical changes 
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(Penlington, 2008). Many teachers reflect; however, it is the manner in which the 

reflection takes place that can determine if the reflection alters a situation. Honing the 

manner of reflection, Schön (1987) believed that one could reflect-in-action, meaning 

that one is able to change what is occurring as it is occurring. Many a good teacher 

understands how this works in a classroom. However, to be able to reflect in a manner 

that explains why we made a change is a different thing.  He believes that reflecting on 

reflection-in-action can change what one might do in the future (Schön, 1987, p. 31). 

Reflection is an important part of a teacher’s work and frequently a part of teacher 

professional development. However, it is important to consider what exactly needs to be 

reflected upon when designing professional development for teachers.  

When comparing three different professional development models (Teaching 

Cases, Looking at Students’ Work, and Metacognitive Analysis), the model where 

teachers reflected on just their learning was not as successful as the models that focused 

on student work or discussing a narrative description of a teacher’s thinking and 

instructional decisions in the classroom (Heller, Daehler, Wong, Shinohara, & Miratrix, 

2012).  The large-scale study looked at teacher improvement in content knowledge and 

ability to communicate conceptual understanding. The study also looked at student 

improvement. Though all of the models were effective at improving content knowledge; 

the most effective model in all the areas of the study appeared to be the Teaching Cases. 

In this model, teachers looked at actual classrooms, student work, and reflected on the 

teacher’s description of their instructional decisions. This implies that reflection must 

include a component that focuses on how the student learning relates to classroom 

instruction for there to be improvements in a teacher’s own pedagogical understanding 
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and ultimately their students’ learning. The teachers were reflecting on why a particular 

decision was made. Returning to Schön (1987), the suggestion was made that education 

needed to include coaching in the art of reflection and that frequently practicum students 

could be coaches to each other. Metacognition and reflection assist in determining the 

purpose of a decision and ultimately improves the overall understanding of the 

relationship between the teacher’s instructional choices and the student’s learning.  

Small Group Collaboration, Professional Learning Communities, and Mentorship 

As previously stated, Granott (2011) developed an idea that studying small groups 

of individuals as a group, assists with a better understanding of the learning that is 

happening. An ensemble is the smallest group of people who directly interact with one 

another in the effort to construct knowledge or learn something specific (Granott, 2011).  

In the study a group of people worked together, shared co-constructed knowledge, and 

figured out the intricacies of a small robot’s interactions.  Granott’s study (1993) looked 

to determine what group knowledge was gained as the participants worked together to 

uncover the robotic movements. The study showed that together, the group shared their 

developing insight with other participant groups; thereby, creating even more 

understanding together than alone.  

Professional development may not always need to be on a large scale, as 

frequently occurs in formalized professional development by state-sanctioned 

organizations (Department of Education, Regional Development Programs, Regional 

Service Centers). Perhaps professional development should occur closer to home with 

colleagues in a teacher’s school. Garet et. al. (2001) found that collective participation or 

collaboration improved the teacher knowledge, skill, and changes to a teacher’s practice. 
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Collaboration usually is best in an environment where trust and rapport have been 

established (Appleton, 2008; Penlington, 2008). A mixed methods study by Moore 

(2014), found that middle school science teachers who used collaboration during a time 

of changing curriculum and policies were better able to overcome barriers. “Time for 

teacher collaboration should be a consideration in reform planning” states Moore (2014, 

p. 94). However, it is difficult for collaboration to occur when members are not in close 

contact with each other. One can easily see that a collaborative effort would be more 

effective if the teachers were in close proximity to each other, such as being in the same 

school. Wilson (2013) stated that is it essential for a teacher’s professional learning be 

embedded and connected to their classrooms to be effective. This implies that for the 

professional development to be effective, it needs to occur with a group of teachers that 

share a similar context. Chong and Kong (2012) in their study of ten high school 

teachers, found that the collaboration had positive effects on the creation of novel 

classroom practices.  The joint creation of lessons helped to bring about motivation and 

confidence (p. 272). Unfortunately, the aspect of trust tends to be an important factor in 

developing a cohesive working group. Carpenter (2012) found, in a multi-case study of 

science teachers, that often teachers do not connect with their peers even when a 

collaborative environment, such as a professional learning community (PLC), is offered. 

In one of the schools studied, teachers were required to focus on data-driven information 

in their PLC, rather than on their personal practice, this led to frustration amongst the 

collaborative partners. However, even though some teachers experienced frustration, 

changes to classroom practice did occur for some teachers (Carpenter, 2012).  Another 
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study done by Jones, Gardner, Robertson, and Robert (2013) showed that some PLCs in 

their study fell apart due to lack of communication and interpersonal difficulties.  

It seems that a small working group of teachers that have developed some level of 

respect for each other is necessary for collaboration to be effective. In addition, perhaps a 

more knowledgeable peer, can help a collaboration reach its full potential. A mentor or 

coach could resolve some issues that develop when teachers are asked to collaborate, 

reflect, and change their personal practice.  Additionally, if the collaboration is a lesson 

study type group, the mentor can also improve their understanding and knowledge of the 

subject being reviewed.  Frequently all members of the lesson study group grow and gain 

professional understanding (Lee, Ko, & Lo, Fletcher & Mullen, 2012).  

In most teaching situations, mentorship would usually apply to student teachers, 

or beginning teachers, as in an induction program (Luft et al., 2011). Lesson study 

frequently has a mentor involved when the teacher is new to teaching (Fernandez & 

Yoshida, 2012). Mentorship can serve a useful purpose for the development and 

improvement of pedagogical content knowledge, and teacher change, for in-service 

teachers, as well. Mentorship is the process of supporting someone in an area that they 

wish to improve. Kochan (2002) defines mentoring “as a process of coaching a person 

both personally and professionally.” (p. 103)  Appleton (2008) determined, in a study on 

science in elementary schools, that a mentor should be knowledgeable in the content, 

pedagogy, and assessment. A mentor should have high levels of interpersonal skills, be 

respected as an expert, be up to date on classroom management, and have lots of 

scheduling flexibility. There are three dimensions to Kochan’s (2002) mentoring: the 

mentor/mentee relationship needs to be relational, reflective, and reciprocal. Both 
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Appleton (2008) and Peers, Deizmen, and Watters (2003) found that mentoring was 

successful in making lasting changes to a teacher’s practice. Frequently, mentoring 

happens between a new teacher and an experienced teacher; however, teachers mentoring 

each other for overall professional improvement is quite popular within a design called 

lesson study from Japan.  Lesson study includes frequent group discussions, so that the 

group comes to a consensus about what student learning outcomes occurred, and what 

needs to be improved, so the lesson can move the students even further in their learning.  

Jugyou kenkuyy or Lesson Study 

Japanese teachers use lesson study as a method to research, collaborate, reflect, 

and improve lessons for use within the classroom. Lessons are jointly planned, observed, 

discussed, and refined (Lewis, 2000).  United States educators and policy makers 

frequently look for immediate change and prefer not to waste valuable time and money 

on prolonged professional development (Loucks-Horsley et al., 2009) . Therefore, using 

lesson study as a form of professional development (PD) could be difficult. As research 

suggests, professional development should not be “one-shot” (Wei et al., 2009) as is 

frequently found in rural districts today, and therefore, if the overall default of “one-shot” 

professional development can be changed within today’s rural school districts, there 

might be increased interest in lesson study as a form of professional development for 

these isolated districts. The findings from Sargent and Hannum’s research (2009) showed 

that schools in rural China benefited from PLCs and lesson study especially when 

implementing new curriculum. Teachers are encouraged to work together and support 

each other as new reforms require new approaches to lessons.  
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Lesson study usually contains five characteristics: lessons are collaboratively 

planned, contain an overarching goal or vision, observed by others, discussed openly, and 

are recorded for data gathering purposes (Lewis, 2000). A simpler way to view lesson 

study comes from a lesson study cycle developed by Lewis, Perry, and Murata (2006). 

This version is simple: study curriculum and formulate goals, plan, conduct research, and 

reflect.  Fernandez (2002) cites some specific changes that would be needed for lesson 

study to be accomplished successfully in America. These include finding the time, 

overcoming fears of opening the classroom, and overcoming limited knowledge of many 

teachers. Additionally, Fernandez, Cannon, and Chokshi (2002) provide a vision that 

lesson study must include a more knowledgeable other, a mentor, that can help the group 

rise above their current level of understanding (p. 182).   

There has been some recent success with using lesson study in the United States.  

Marble (2007) used lesson study for pre-service elementary teachers.  Student teachers 

were teamed up to design lessons and to use the steps of lesson study to refine and 

improve their lessons. Another example is a public school in New Jersey that was 

successful in implementing lesson study because of the collaborative efforts of a nearby 

Japanese school (Lewis, 2002). 

Many lesson study research projects have employed case study design. For one,  

Rock and Wilson (2005) studied six elementary teachers use of lesson study in a social 

studies setting. The participants were interviewed, kept reflective journals, and were 

frequently observed by the researchers and each other. Also, the researchers kept field 

notes.  Lessons, as per the usual lesson study model, were developed, refined, and taught 

many times. The teachers reported an increased level of confidence. Marble (2007) 



Texas Tech University, Camille T. Stegman, May 2017 

55 

studied three elementary schools in Hawaii. Each school was in a substantially different 

region of Oahu. In another research project, Marble used his pre-service teachers within 

the classroom. His pre-service teachers developed lessons in math and science using a 

lesson study model. Direct observations, field notes, and reflection were used in this 

study to determine what improvements would occur to pre-service teachers design and 

delivery, as well as engagement and learning outcomes. Another example is found in Ono 

and Ferreira (2010) used lesson study with in-service teachers. The focus was on using 

lesson study as a professional development needed for new standardized curriculum that 

had been adopted. The teachers in the study needed to prepare for the South African 

Outcomes-Based Education (OBE) and Curriculum 2005 (C2005) which entailed 

substantial changes to the curriculum. Unfortunately, the lesson study was not continued 

after the initiative; however, the teachers did state that they felt they improved their 

lessons.  

While lesson study may not be the solution for all American educators, it does 

have many elements that will foster teachers becoming true professionals in their chosen 

field.  Lesson study encourages teachers to think deeply and carefully about goals within 

the classroom, school, and community. It encourages teachers to either design or find the 

best lessons available to reach their goals.  It helps teachers expand their content 

knowledge and to develop better pedagogical skills.  It requires teachers to evaluate their 

students, look for evidence of learning, and to reflect on what comes next. It focuses on 

formative assessments and how those assessments inform the next portion of learning.  

Lesson study provides for the lesson to be taught with a group of students. The 

physical presence of students during the lesson provides the evidence of the lesson 
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success or failure to meeting the desired outcomes (Margolis, Durbin, & Doring, 2016). 

Since teachers are motivated to see students master the learning goals (Guskey, 2002), it 

seems that lesson study is a method to facilitate change to a teacher’s pedagogy. Lastly, it 

requires teachers to open up their practice to reflection, collaboration, and inquiry (Lewis, 

2002). All of these by-products should be expected in any professional practice. 

Summary 

Professional development research has proven that collaboration, duration, 

planning time, and reflection are all requirements when looking at effective methods of 

changing teacher pedagogy. Lesson study offers the opportunity for these methods to be 

employed in a job-embedded manner. This will be helpful for teachers in rural districts 

that frequently do not receive professional development that is subject specific (Harmon 

& Smith, 2007). If science pedagogical growth is more frequently obtain, and science 

instructional minutes increase when teachers collaborate within their school environment 

(Sandholtz & Ringstaff, 2014, Anderson et. al., 2015) than it makes sense that lesson 

study may be the best method for teachers in rural areas to make changes that will be 

transformational. Rural teachers will be able to study new curriculum, and improve their 

pedagogy through collaboration with their peers (Anderson et. al., 2015). Because of 

lesson study’s focus on student learning, as well as evaluation and reflection on the 

lesson itself, the teachers in this study made changes and improvements in a safe, 

collaborative environment. It is these aspects of lesson study that helped these rural 

teachers develop better three-dimensional lessons and knowledge of the NGSS.  
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CHAPTER III 

METHODOLOGY 

Pilot Study Vignette  

The pilot study conducted in the spring of 2015 was designed to see if lesson 

study was a useful means for teachers to develop abilities in science instruction. The pilot 

study was a part of a project for a research class. The pilot study had three participants, 

all of whom were nervous about teaching science, yet understood that it should be an 

active process.  All three participants frequently expressed a fear of “doing something 

wrong.” As the pilot study was ending, the teachers made more attempts to design lessons 

that had students thinking, questioning, and experiencing. Over time they seemed to take 

the responsibility of designing the lesson. The goal was to understand that water is found 

in a solid and liquid form on planet Earth NGSS Performance Expectation 2-ESS2-3.  

The students were going to make ice cream for the final lesson and this was to assist in 

their understanding of what would occur. Teacher K, 1, and 2 were finally working as a 

team towards building science lessons that they were not afraid of implementing, the 

group wanted the students to have an experience with how water can change to ice. The 

group decided small ice cube trays would freeze water fast enough so that the students 

could examine it in the same day and then watch it melt. However, even with small trays 

there would be a need for additional activities. The teachers show a willingness to create 

and look at options, without fearing doing something wrong.   

Meg: One thing to do is to watch them watch ice melt because that's going to be 

so thrilling.  Or watch water freeze. So, what am wondering is, and what I might 

practice is, I might see how long this actually takes to freeze. So, that we go back 
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every 15 minutes so they can check. Did it freeze yet? What's it looks like? That 

kind of stuff. Because it'll start to form some little crystals just before it actually 

freezes. It'll get slushy, and that might be kind of a good way for them to see that. 

But then I think we supplement that, maybe, with that book which has a whole 

thing on glaciers, so that Explore Science book.1 

She clearly is willing to try out an activity and not just assume that it cannot be done.  

There is a time factor involved and the teachers work together to solve the problem 

within the lesson.   

Meg: I wonder if they would maybe write a story about... what do you think? I 

don't know. I'm trying to come up with some other things to do. Because it's 

gonna take—I’ll bet you this takes at least an hour to freeze, and I'll bet you the 

water will take an hour to melt, the ice will take an hour to melt. 

The teachers debate a bit about when National Poetry Month takes place.  

Amy: Then maybe what the plan will be is we start with an explanation. They 

will have seen, maybe, a BrainPOP earlier in the week or something like that or 

read the Explorer science book. Get them thinking about water and ice being the 

same thing. And then on the day that we actually do the science activity we are 

going to plan for say about, I'll double check but I'll bet you this freezes in an 

hour.  And I'll bet you small ice cubes will melt in a hour. But the idea would be 

is that we're running an experiment while we're doing the poem. 

Suzie: If they held ice in their hands, they could really see it and feel the melting. 

Amy: That's a good idea. 
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Suzie: If they held it like that, they could you know, because when my kids were 

little they would love to do that. 

Amy: That's a really good idea. That the getting wet will keep holding it. 

Meg: They'll feel it. They'll hold it. 

Suzie: And it'll keep getting -- and it will start dripping. And they can even do 

this, like, put it on their body.  

Meg: That's really good, actually. 

Suzie: They can see the melting faster. 

Amy: I like that. They'll see the melting faster. And then, so maybe we start with 

that idea. So we fill these up (ice cube trays). We take ice cubes we already have, 

we let them watch it melt, we go back and check on these, we come back and do a 

little bit of story writing, we come back and check, maybe then we edit, and then 

maybe we go back and check, and then maybe we share. And then this (melting 

ice) becomes the last thing. So, that way we're burning up that hour, but they're 

not just sitting there.2 

The teachers working together as a group, making decisions about how a lesson 

will unfold, was an accomplishment.  The teachers were excited to try out their lesson.  

Working together helped to mitigate fear and apprehension they felt surrounding science 

lessons. The pilot study showed that lesson study could have a positive effect on the 

teachers’ comfort level.  It was clear that more time would be needed to expand on the 

changes required for three-dimensional learning.  
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Introduction 

The new standards will require primary teachers to gain a better understanding of 

the relationship between the three dimensions found in the NGSS so that students will 

gain conceptual understanding of how science exists for scientists (Bybee, 2014). Three-

dimensional learning will require teachers to link the performance expectations of the 

NGSS to classroom instruction (Pellegrino, Wilson, Koenig, & Beatty, 2014). Kuno 

(2015) stated that in Japan the curriculum is constantly being reformed by the lesson 

study process. He proposed that a lesson study enables change to be embedded within the 

school and the development of the school curriculum is directly related to the needs of 

the students in that school. Even though Japan has a national curriculum, what occurs in 

each school is entirely the school’s choice based on the needs of the community. In 

addition, as was found in the Sargent and Hammun study (2009), rural teachers in China 

benefited from the lesson study model during a time of curriculum reform. If rural 

teachers in America can socially construct the knowledge they will need to succeed with 

three-dimensional learning, a better chance exists that the rural teachers will successfully 

change their practices to meet this more rigorous ideal.  As has been referenced 

previously, rural areas rarely receive subject specific professional development (Glover 

et. al. 2016). Additionally, types of peer collaboration, which can include lesson study, is 

not only desired by rural teachers, but it may be the one of the limited options available 

for teachers in rural areas due to restrictions because of lack of release time and funding 

issues (Harmon & Smith, 2007). 
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Purpose Statement 

The research purpose and questions for this study focus on what extent lesson 

study affects a teacher’s knowledge of the NGSS and its associated three-dimensional 

learning in the primary classroom. Reflection, collaboration, and discourse are at the 

heart of a lesson study group.  A social constructivist worldview will be the perspective 

for this research.  It is the participant’s views that are worth understanding if change is 

going to become a part of a culture (Kotter, 2012). Creswell (2013) stated, “the goal of 

the research is to rely as much as possible on the participants’ views of the situation being 

studied”(p.8). It is the interactions between the participants, as they work through three-

dimensional learning, as individuals and as a group that will help create a picture of how 

lesson study can affect classroom science instruction for elementary teachers and their 

classrooms. The social constructivist view helped determine what took place for the 

participants. This was done through various strategies, such as interviews, group 

discussions, peer observations, and field notes. However, because the researcher was 

interpreting the participant’s views, values and bias must be explored.  

In research, one must acknowledge their values and opinions openly so that those 

values are considered during the inductive analysis. It is important to review the context 

of the researcher before the study begins so that the researcher’s prior perspectives can be 

established and thus considered by the researcher during the investigation. Usually, in a 

quantitative design, it is easier to remove oneself and have a more objective outlook for 

research and data collected to answer research questions because of the nature of the data 

with respect to the research questions. However, Lincoln, Lynham, and Guba (2011) 

contend that case study research has no more or less bias than any other research method 
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and that there may be a greater chance for a researcher to intentionally look for data that 

goes against their currently held beliefs (p.311).  Regardless, a researcher should 

establish the context for themselves and the study so that a complete picture of the 

investigation can be formed. In addition, since qualitative research tends to take a more 

interpretative stance, it requires the researcher to establish trustworthiness, in the form of 

credibility, transferability, and dependability (Erlandson, Harris, Skipper, & Allen, 1993;. 

Lincoln, Lynham, & Guba, 2011). The establishment of trustworthiness enhances the 

study and will be used in this qualitative research. The roles and values, the nature of 

reality, and epistemological beliefs coupled with an interpretive framework help inform 

the researcher towards a philosophical belief. 

Research Methodology 

The research question, along with the purpose of the research, philosophical 

assumptions, and theoretical framework assisted the researcher in determining what 

methodology is used for their study (Creswell, 1998). Research is conducted to help 

understand a circumstance and the purpose of the research will shape how far the 

research helps with the understanding. The research questions assisted the researcher in 

getting specific about what the researcher is interested in understanding. The researcher 

must consider the philosophical assumptions and the interpretive framework to form a 

philosophical belief that will structure the study.  

The research questions asked are intended to focus on the use of lesson study in 

assisting primary teachers in developing abilities in how the Next Generation Science 

Standards (NGSS) and the associated three-dimensional learning work together with the 

performance expectations.   
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There is one overarching question and two broad subordinate questions for this 

exploratory case study.  The questions are: 

1. To what extent does the use of lesson study influence primary grade teachers’ 

implementation of the Next Generation Science Standards? 

a. How does the use of Lesson Study influence primary grade 

teachers’ implementation of the Next Generation Science 

Standards and associated three-dimensional learning with their 

classroom instruction? 

b. How does the use of Lesson Study influence primary grade 

teachers’ knowledge of the purpose of the Next Generation 

Science Standards’ performance expectations on student 

learning in science? 

These research questions focused on an exploration of lesson study as a potential 

professional development method for rural, primary teachers. The research looked at the 

extent that lesson study affects teacher practice, perceptions, and pedagogy as it relates to 

the NGSS. The research questions looked at the teacher’s perceptions and overall 

knowledge of three-dimensional teaching and learning, the NGSS, or the purpose of a 

performance expectation. The teachers were constructing and gaining knowledge as a 

group and this required an in depth look at their individual perceptions, as well as those 

of the group, so that a connection was reached regarding the effect the lesson study had 

on the teachers’ understanding.  According to Merriam (2009), the bases of qualitative 

research is that knowledge is constantly generated by people as they attempt to 
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understand an activity, situation, or idea (p.23). A common characteristic of qualitative 

research is the social construction of knowledge (Merriam, 2009, p. 23). To gain insight 

into the effects of the lesson study, observations of peer interactions were made, and 

questions about thoughts, feelings, and beliefs were asked. Qualitative research is a way 

to study activities in context and give others an understanding of what is occurring 

(Denzin & Lincoln, 2011). This research looked at how the participants constructed 

understanding and knowledge through lesson study; therefore, a qualitative method was 

appropriate.    

Research Design 

As a researcher determines which methodology to employ, the next thoughts need 

to be on the design approach within the methodology chosen.  The qualitative method 

was chosen for this research purpose and questions. Due to the nature of this 

investigation, as it was for a specific amount of time and was about a specific event, a 

case study approach was employed (Creswell, 1998). A case study allowed the researcher 

to consider the multifaceted social situation in terms of a “case,” which can be a process, 

group behavior, or change in a teacher’ pedagogy. A case study tends to lend itself to 

exploratory research and those wishing to establish a link between what is being studied 

and what happened in the study (Yin, 2013). The intent of the investigation was to 

establish a link between the use of lesson study and a change in teacher pedagogy.  

A recent study by Dotger (2015) put forth the argument that because of the 

collaboration and mentorship that is often a part of lesson study; the use of ethnography, 

as a study design, is warranted. While ethnography is a consideration for the purpose and 
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research questions asked, the study will only have a few participants and ethnography 

usually involves investigating larger numbers and overall culture.   

This case study research served as an exploration of lesson study and its 

usefulness as a method for training rural teachers in how to use the NGSS. The 

participants had multiple views of how lesson study worked for them and each had 

different understandings of the NGSS at the end of the research. In addition, there was 

group knowledge of the NGSS, three-dimensional learning, and the performance 

expectations. To gain perspective on changes that took place because of the lesson study, 

a descriptive, exploratory case study design was employed (Merriam, 1998). A within-

case analysis of each teacher was conducted, so that the researcher developed an 

understanding of the variables for each teacher. Afterwards, a cross-case analysis of the 

individual participant’s knowledge and the group’s understandings was used  to 

determine if the lesson study had influenced the teachers’ overall knowledge of the 

NGSS and its components. The cross-case analysis looked at the knowledge constructed 

in the group setting (group discussions, peer observations, and the teachers’ reflective 

analysis of student work) vs. what knowledge the teachers spoke about on their own 

(journal entries, interviews, individual discussions with researcher/mentor). 

Descriptive Case Study Approach 

Merriam stated that a case study is an excellent method for looking at a process. 

This definition was well-suited to this investigation.  Case study research involves 

studying a particular event that is defined and bound in time (Stake, 2010). In addition, a 

case can be viewed as situation that exists in a context that the researcher seeks to gain a 

more thorough understanding. While Stake (2010) tends to see a case study as a factor of 
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context and time, Merriam (1998) and Yin (2013) view case study research as a 

methodology.  

The NGSS will require extensive professional development and training for the 

paradigm shifts to occur.  By using a case study methodology, this investigation could 

reveal a type of training that will be the most useful to the teacher, not the administrator, 

policy maker, or department head. Kenny and Grotelueschen (1984) suggested that case 

study research helps determine the potential of a program by using common language 

that is easier for nonresearchers to interpret the usefulness of a study. In addition, Stake 

(2010) believes that case study research is a natural fit for those wishing to advocate. The 

use of a descriptive case study will help explain the results to those who may be able to 

bring change to how rural professional development could be handled; this could make 

the study informative for policymakers and administrators. The teachers interacted with 

each other in an effort to relate the NGSS to their classroom practice; the interactions led 

to minor changes in practice and changes to the school culture (DuFour & DuFour, 

2012).  The extent of the change helped to determine if lesson study is a useful way for 

rural teachers to gain the knowledge and experience they often do not receive due to rural 

isolation. In addition, the teachers were actively learning from each other and their views 

of that interaction needed to be understood if one is going to make an argument for lesson 

study’s effectiveness for rural schools.  

A purposeful selection of rural participants was used to determine the usefulness 

of lesson study in helping rural teachers develop their abilities in using the NGSS. Case 

study tends to lend itself to exploratory research and those wishing to establish a link 

between what is being studied and what happened (Yin, 2013). In addition, Merriam 
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(1998) views case study as a way to understand a process. Merriam quotes the thoughts 

of Cook and Reichardt (1979) to explain that a process is a way to determine the extent 

that a program had an effect. The research purpose was to find out the extent of the effect 

of lesson study on the participants’ knowledge of three-dimensional learning, and how to 

determine if change was taking place, in the primary science classroom. The intent was to 

establish a link between the lesson study, and use of three-dimensional learning, and the 

performance expectations of the NGSS.  

The research questions provided a thorough description of the effects of lesson 

study on the NGSS, performance expectations, and the concept of learning in three-

dimensions within rural, primary classrooms. A case is a situation that exists in a context 

that the researcher seeks a more thorough understanding. In a case study design, a 

researcher determines how to define and bound a case. Each participant was a case, as 

each participant brings different abilities, knowledge, and experience to the overall group.  

All the participants were from a western state in the United States, participants were from 

a rural school district, and will brought their current understanding of implementing the 

NGSS, three-dimensional learning, and the performance expectations. In addition, 

frequently in rural settings, there is only one teacher per grade and few opportunities to 

change grade levels.  Each individual came to the group with the pedagogical knowledge 

based on the grade level currently taught, any grade levels previously taught, overall 

teaching experience, and previous science pedagogy. This helped establishes that each 

person can be treated as their own case (Creswell, 1998). The study took place over a six-

month period, the individual cases developed knowledge together and built their abilities 

in three-dimensional learning (Granott, 1998).  



Texas Tech University, Camille T. Stegman, May 2017 

68 

Role of the Researcher 

The researcher was a participant and mentor for the lesson study keeping the 

group in productive learning. During the opening phase of the lesson study, the 

researcher actively assisted the teachers in developing their abilities in how to analyze a 

three-dimensional lesson. As the lesson study group matured in its understanding of how 

a lesson study functioned the researcher lessened the mentorship and focused more on 

observation and reflecting questions back to the group. Lesson studies are frequently led 

by a facilitator or mentor who keeps the study on task and focused.  The mentor is often a 

more knowledgeable teacher with experience in how to manage a lesson study (Stepanek, 

Appel, Leong, Mangan, & Mitchell, 2006). Additionally, a mentor for lesson study 

sometimes brings content expertise to the group (Stepanek et al., 2006). Because lesson 

study is not a common professional development activity in the United States and the 

rural participants had little familiarity with the idea, the researcher facilitated the process 

until the group grasped the understanding that it is the lesson, not the teacher, that was 

under scrutiny. The researcher was uniquely prepared for the role as facilitator for the 

lesson study on the NGSS. The researcher conducted several professional development 

courses that employed a collaborative framework.  The participant researcher had more 

experience and knowledge of the NGSS due to involvement in workshops conducted by 

the creators of the NGSS documents (NGSS Lead States, 2013) and facilitating a similar 

state run NGSS PD prior to this dissertation. While by no means a consummate expert in 

the NGSS, the mentor/research has sufficient knowledge to conduct a training in the 

NGSS to beginners. The researcher has given multiple presentations at the regional and 

national level on science teaching, as well as the NGSS. The researcher is familiar with 
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how lack of personnel and time are factors in the lack of collaboration often found in 

rural areas. It has been stated many times, that rural schools frequently only have one 

teacher per grade and a lack of time where collaborative activities could occur. 

Additionally, as with many rural districts, this district lacks the capacity for subject-

specific professional development (Harmon & Smith, 2007). While professional 

development outside the district is encouraged that PD is usually workshop style and 

lacks collaboration.  The researcher is uniquely aware of the rural PD opportunities and 

has a clear understanding of what barriers will come up and need to be handled, such as 

lack of time and personnel. Furthermore, the researcher conducted a pilot study in 2015 

that successfully utilized a modified lesson study format and has been a collaborator on 

many science activities in the rural district under study since accepting the additional 

duty of being the science/STEM coordinator. The reasons why the researcher is qualified 

to be the facilitator and mentor for this lesson study on the NGSS, also reveals that bias 

must be reviewed.  

Bias is found in all things related to humans and culture. By its very nature, case 

study research is filtered through a human reporter (Merriam, 2009). The researcher’s 

perceptions, values, and perspectives were present in observations, reflections, and 

analysis.  It cannot be avoided.  However, bias is unwanted in research and needs to be 

addressed and diminished as much as is reasonably possible. One method of dealing with 

bias is to be sensitive to the context of the researcher.  The researcher needs 

acknowledged the viewpoint and perspective in an effort to understand how the 

unavoidable bias shaped the report (Merriam, 2009). Other methods of eliminating bias 
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were to ensure triangulation of the data, which provided validity and reliability to the 

research.  

The researcher has over 10 years of experience teaching science and is currently a 

leader in the community selected to participate in this investigation. Since the researcher 

is well known in the community, it must be acknowledged that the role of the researcher 

may be biased, but given that the researcher is an educational leader in the community, 

the role in this investigation was considered epistemological in evaluating, training, and 

interacting with teachers. Stake (1978) considered a process called naturalistic 

generalization.  This type of generalization has the researcher drawing on personal 

knowledge to look for patterns that help define the researcher’s experiences as well as the 

experiences of others (p.6). Moreover, the researcher is trained in science education and 

leadership, thereby providing the knowledge and process skills that are part of the 

researcher’s normal functional duties in the workplace. Due to relationships with 

professional development educators in the western state, the researcher was able to gain 

access to NGSS professional development sessions that did increase the teachers’ overall 

science content knowledge and offered a basic introduction to the NGSS. The researcher 

recruited the teachers willing to participate within the rural school district. Teachers that 

participated agreed to extended and pointed professional development on lesson study 

design during the school year. Because it was the exploration of the effects of the lesson 

study on the teachers’ knowledge and implementation of the NGSS, and not the teacher’s 

individual skills, the study can be free from bias, or at least diminished, because of the 

role of the researcher in a normal work setting, in a normal school year, conducting a 

style of professional development.  
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Data Sources 

The research questions asked how the lesson study influences the teachers’ 

abilities to teach and assess in the three-dimensional aspects of the performance 

expectations of the NGSS. A lesson study, by design, is an active, working group of 

teachers who create and refine lessons for classroom use. The lesson study group within a 

school worked together to create, assess, refine, and improve several science lessons 

based on the Next Generation Science Standards (NGSS) by a modified lesson study 

design. Building on suggestions for lesson study modifications made by Perry and Lewis 

(2009), teachers studyed only one science content area and were encouraged to revise and 

reteach the lesson to multiple groups of students (p.372). Group discussion, researcher 

observations of the group discussion, peer observations, and peer debriefings took place 

with all the participants. Formal individual interviews about a teacher’s perceptions of 

student learning, instruction, and three-dimensional learning took place three times 

during the lesson study group, with the exception of one participant. This investigation 

used information gathered through participant interviews, peer observations, peer 

debriefings, group discussions, reflective journals, and other documents gathered during 

the NGSS professional development sessions, such as original and final lesson plans, 

content building activities, and discussion forums (Yin, 2013).  

Documents and Artifacts 

This study produced several documents and artifacts that were useful during 

analysis and increase the trustworthiness of the study (Creswell, 2013; Merriam, 2009). 

The documents collected include, teacher journal and reflections, student work used to by 

the teachers during debriefings, guided focus group discussions notes, observation tools 
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used during peer observations, researcher field notes, original lesson designs and final 

lesson designs. Additionally, the EqUIP rubric developed by Achieve (2013), was 

utilized to assist in final determinations if a lesson and the entire unit was three-

dimensional in nature.  The EqUIP rubric stands for “Educators Evaluating the Quality of 

Instructional Products” and is a method for teachers or curriculum coordinators to 

determine if a lesson, unit, or curriculum materials met the criteria found in the NGSS. It 

helped the teacher evaluate their lessons and the rubric documents became evidence of 

changing understanding. 

Interviews 

There were three semi-structured interviews conducted: one before, one during 

and one at the end of the lesson study. One participant was only interviewed twice. The 

semi-structured interviews asked the participants their understandings of three-

dimensional learning, how student-learning outcomes inform curriculum decisions, and 

their current perceptions of teaching and assessing science (Appendix A). The interviews 

provided information on teacher perceptions of three-dimensional learning and its 

implementation in the classroom. In addition, the interviews provided information on 

teacher perceptions of student learning in relation to instruction. 

Guided Focus Group Discussion 

Bybee (2014) has suggested that teachers will need assistance with the reasoning 

surrounding the educational changes in the implementation of the NGSS. Teachers will 

need to develop the self-confidence to open their classroom doors, and therefore, their 

pedagogical practice to others. A mentor, or facilitator, is a necessity for participants to 

become comfortable with the lesson study format (Dotger, 2015; Perry & Lewis, 2009). 
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The mentor modeled how to reflect and analyze a lesson in relation to the student 

learning outcomes of the three-dimensional lesson. The researcher, in the role as mentor, 

assisted in keeping the group focused on the task of developing three-dimensional lessons 

that would successfully accomplish the objectives. The literature refers to this style of 

group dynamic as a focus group (Stewart & Shamdasani, 2014). The purpose and goal of 

these focus group discussions was to negotiate with teachers, provide purpose, structure, 

and established teacher outcomes. The guided focus group discussion questions were 

semi-structured and focused on guiding the teachers’ discussion on the three-dimensional 

student learning that did or did not occur.  As the lesson study matured, the mentor 

lessened from leading the group discussions on the lesson refinement process and 

encouraged participants to ask their own questions and analyze their group’s science 

lessons. All the lesson study discussions were digitally recorded, transcribed verbatim, 

and member checks were completed. The group discussions and field notes of 

participants, during the lesson study training, provided information on co-constructed 

knowledge by the participants (Granott, 1998). 

Peer Observations and Debriefings 

This research involved the teachers’ developing abilities of three-dimensional 

teaching and learning (Bybee, 2013).  Data was collected from peer observations, 

utilizing the observation tool, and peer debriefings to better help inform teacher 

development from training and implementation of three-dimensional teaching and 

learning. Wei et al (2009) reports that while peer observation and feedback tended to not 

show significant gains to teacher pedagogy; the report notes that often peer observations 

only took place once or twice per year and the observations lacked focus (p.3). Wei et al 
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(2009) suggests that measurable impacts on teacher instruction and student learning can 

be seen when teachers are working collectively through coaching, mentoring, or lesson 

study (p.7) Therefore, peer observations were completed through the lesson study group 

multiple times throughout the study, and used the observation protocol and tool 

(Appendix B). In addition, most of the participants took their own field notes to remind 

themselves of what they saw the students say or do. The protocol ensured standardized 

evaluation of the lesson as it relates to three-dimensional teaching and learning (Wei et 

al., 2009, p.3). The researcher trained the participants how to complete peer observations, 

but was not present during the peer observation. Rather, the researcher reviewed the 

recorded lesson presentations and took field notes.  In addition, the researcher recorded 

peer debriefings and focus group discussions that followed the peer observations, to 

ensure data triangulation and determine if additional mentorship was needed. The peer 

observation protocol (Appendix C) guided the teachers during their observations of the 

lessons to identify three-dimensional learning.  The peer observations helped determine if 

the lesson met the objectives or if the lesson needed revision. Peer debriefings took place 

after the lesson(s).  The peer debriefings and focus group discussions centered on the 

lesson and student learning outcomes. The focus group discussion protocol (Appendix D) 

was used to help guide the discussion about the lesson’s success or need for revision. The 

peer observations field notes, the observational tool (Appendix B), and student work 

provided evidence for the participants to cite during the peer debriefings and focus group 

discussions. The peer debriefing, peer observations and field notes, and the observation 

tool provided information as to how well the participants are bridging their understanding 
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of three-dimensional learning and interpreting student learning outcomes in relation to 

the evidence statements.  

Teacher Reflection and Journals 

Participants were asked to keep a journal, recording thoughts and feelings about 

the process of lesson study and student learning, in audio, video, or written form. 

Darling-Hammond (2008) states “teachers need to be able to analyze and reflect on their 

practice, to assess the effects of their teaching, and to refine and improve their 

instruction.” (p.93) Participants were provided reflection prompts, if they felt they needed 

them, to assist in analyzing what occurred during a lesson study meeting or an actual 

lesson (Appendix E). Participants were asked to take about five to ten minutes after each 

lesson to write down their impressions of a lesson.  After a peer debriefing, the 

participant was asked to write down additional thoughts and feelings about the lesson or 

the lesson study group. This additional data source assisted in developing information 

directly from the participants as to their learning, as well as serve as a data source for data 

triangulation. Stake (2010, p. 18) has found that there are two levels of knowledge, one is 

the collective knowledge of a social group and the other is the individual’s knowledge. It 

is important to understand personal growth as well as group growth.  

Researcher Observation 

The researcher observed the interactions of the group discussions, peer 

debriefings, and multiple lesson presentations to establish if the group’s designed lessons 

had successfully integrated the three-dimensions. There was one final lesson developed 

per case, for a total of four lessons. The researcher used the same observation tool that the 

participants used to analyze their lessons during the refinement of the lesson (Appendix 



Texas Tech University, Camille T. Stegman, May 2017 

76 

B). Dependable data frequently comes from a researcher’s observations to determine how 

the process worked (Stake, 2010, p. 26). Observations, along with interviews can assist a 

researcher in understanding phenomenon, such as group learning (Merriam, 2009, p. 

158). The researcher was present at all the lesson study meetings. This helped determine 

the overall extent of the effect of the lesson study by making observations of the teachers’ 

developing abilities. In addition, the peer observers had audio and video recording 

devices available for them to use, if they wish, to assist in capturing any additional 

discussion about the presented lessons that may not be in written form. The recordings 

were made available to assist the participants in recalling successful areas of the 

presented lesson. The researcher’s observations of group interactions, as well as field 

notes taken from the digital recordings of lesson presentations and all group discussions, 

served to triangulate the data from the interviews, reflections, and transcripts of the group 

discussions.  

Field Notes 

Field notes are essential to any qualitative study because these recorded notes are 

a source of raw data and contribute to the overall story (Merriam, 1998; Yin, 2013). The 

participant researcher’s observations of group interactions were digitally recorded, either 

through audio or video collection methods. The researcher was observing the interactions 

of the participants during their group discussion, during the lesson study training, and as 

the lesson study group became more self-reliant, field notes continued as peer debriefings 

focused on refining the lessons. In addition, as participant research often takes place 

where informal conversations can occur, the researcher kept field notes on a few 

discussions that occurred about the science lessons, student learning outcomes, and the 
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lesson study that were not in the formal lesson study setting. The researcher used field 

notes when listening to the recordings of peer observer interactions. This assisted in 

developing a complete picture of the groups developing abilities.  

Participants and Setting 

The participants for this study were purposefully selected ensemble of rural, 

primary science teachers from a school in the Western United States. Participants were 

recruited from a state-wide NGSS professional development series of workshops that 

focused on increased science content knowledge, a basic understanding of the NGSS, and 

lesson planning design. Participants were chosen because of their willingness to take part 

in a lesson study in conjunction with professional development on the NGSS and were 

selected from one rural school. Morse (1991) has suggested that a researcher’s sample 

can be chosen based on the requirements of the research. Because this research was 

specifically designed to look at the implementation of the NGSS, and the effectiveness of 

lesson study in a rural setting, it was important to look at the size of the participant group.  

Because the study was based at a small, rural school; there were only a few 

participants who attended the NGSS professional development. Therefore, only a few 

participants were available to take part in the study. The NGSS state-wide professional 

development required teachers to complete a summer web-based course in content 

knowledge, specific to the assigned area, and basic information on the structure of the 

Framework for K-12 Science Education (NRC, 2012), as well as the NGSS. The 

participants that were purposefully selected because they had completed those portions of 

the state-wide PD to insure a similar experience for all the lesson study participants. As is 

frequently the case in professional development, there is a potential for teachers to not 
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complete the work required or to “dropout” of a project for personal reasons. The sample 

selected was purposefully chosen because the participants had already completed the 

summer segments and had a reasonable chance of completing the lesson study work. The 

sample size for the research was four participants.   

Due to the different grade levels the participant taught and the nature of them 

working together as a group, the ability to analyze each participant as a case, as well as 

analyze them as a group, makes the dissertation unique. Individual growth was compared 

to group growth, using Granott’s ideas of an ensemble (1998). This type of comparison in 

the cross-case analysis allowed for analysis of any productive learning that was taking 

place.  It is the context of the activities that influences, constrains, and gives meaning to 

the ensemble and allows for the ensemble to be used as a unit of analysis (Granott, 1998).  

The cross-case analysis revealed the co-constructing of knowledge between the 

participants during the lesson study group discussion.  This highlights the 

microdevelopment and productive learning for each individual participant, in relation to 

the lesson study group. Creswell (1998) felt that it is important to show the different 

perspectives in a case study. However, too many cases can cause a lack of depth, and just 

studying one case can make analysis to restrictive, reducing generalizability. By studying 

each participant as a case, and comparing individual knowledge development to the co-

constructed knowledge, the researcher has created an in-depth view of how an ensemble 

can assist in bridging and scaffolding for development and understanding (Granott & 

Parziale, 2002).  
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Summary of the Lesson Study 

Summary of the Rural School 

The school is in a small, rural school district with a population under 2,000. One 

method of classifying as rural is through a low population (Coladarci, 2007). The district 

has historic significance and is situated in the mountains of the Western United States. 

Due to the geography of the district, there are two elementary schools, one middle school, 

and one high school. Enrollment for the entire district is approximately 400 students. For 

the elementary schools in this district, there is either one teacher per grade or there is a 

combo class (multiple grades in one classroom). The primary schools contain students 

from kindergarten to fifth grade. The middle school is grades 6-8 and high school is 

grades 9-12.  The elementary school is an older school, built in the 50’s.  The classroom 

layouts are typical of the era.  The rooms can be made smaller or larger with false walls.  

This is convenient and a distraction. When the noise level of a class gets loud enough to 

disturb other classes, teaching can become difficult.   

The building has not undergone any recent renovations, but the school has laptop 

carts for each grade, with kindergarten and 1st grade sharing. The district has technology, 

but not the infrastructure to successfully support it all the time. The former 

superintendent was a believer in computerized curriculum and the teachers have multiple 

software programs to teach math and language arts, even science. This is not necessarily 

integrated technology, but rather students attending to their curriculum on a computer 

rather than from a book. Students in this school can spend 1 to 3 hours per day viewing a 

computer screen. The former superintendent gave little thought to how to maintain the 1 

to 1 computer ratio he desired.  As computers go out of service, there is a struggle to 
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replace them. The computerized science curriculum purchased cannot be utilized because 

of bandwidth issues. Being that the curriculum is not NGSS based, this is of little 

concern. There exists a similar situation with the educator technology.  The last teacher 

computer update for the district was 7 years prior to the study.  The district has 

SmartBoards, a type of touchscreen white board, but over half of them have trouble 

operating and two no longer work at all. 

The school district can be considered rural because of the number of students in 

each grade and in the entire district (Coladarci, 2007). While not as physically isolated as 

some rural districts, this district does contain many of the features of a rural district.  The 

district contains one teacher per grade, very few students, very homogeneous student 

body and staff, availability of human resources, and lack of clear and consistent policies 

on nearly everything (Russon, Paule, & Horn, 2001). But is the district truly rural? The 

district classifies itself as rural in nature. Baird, Prather, Finson, and Oliver (1994) study 

allowed for ruralness to be self-reported. Additionally, Shortall and Warner (2011) stated 

that any area that is not metropolitan and urban can be classified as nonmetropolitan and 

rural. It could be said that the district is simply a small district and not a typically rural 

area. After all, none of the participants live in the community where they work.  All 

members live in the larger communities within a 30-minute drive. In fact, over 90% of 

the employees of the district do not live in the small town. There does not appear to be a 

real reason that teachers could not attend a PD in a nearby district, and occasionally the 

teachers do attend outside PD. However, attending in this manner would not have the job 

embedded nature that can help science PD be transformational (Anderson et al., 2015). 

Therefore, the district’s lack of collaborative opportunities, whether because of lack of 
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available time, personnel, or vision leaves the teachers in the district with limited 

workshop style PD that is too general for their needs, this is frequently the case in a rural 

area. Over 60% of rural districts only provide one-shot workshop style PD (Glover et. al., 

2016). Therefore, the determination is that this district is rural in nature.  

This group of teachers rarely get subject specific professional development within 

their school setting, even though funds are received from state run programs.  Those 

funds are used at will by the district. The district has very little professional development 

time devoted to teacher growth in science.  There are five in-service days per year and 

frequently those days are for district trainings on safety, sexual harassment, and other 

district related functions.  If there is additional time available, such as early release time, 

it is frequently spent on staff meetings, grade inputs, or parent/teacher conferences.  

Professional development is available to teachers, who seek it out on their own. 

Attending conferences, or classes are allowed and frequently paid for; however, the 

information regarding these events must be sought out by the teacher. Additionally, the 

district asserts that the teacher share their new-found knowledge after a paid for 

conference or event; yet there is no method to share the information. If collaboration 

takes place amongst teachers, it is the teachers that organized the partnership. While this 

is like many school districts in the United States, only one half of all PD contains any 

PLC time (Trygstad et. al., 2013), the lack of time and personnel in this district 

exacerbates the situation. Even if the teachers desired to collaborate on conference or 

workshop training, they would have to do so on their own time.  

The elementary school in this study has approximately 140 students and one 

teacher per grade.  The school has one special education teacher.  The negotiated contract 
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for these rural teachers allows for only 90 minutes of preparation time, also known as 

prep time. It is the only time during a teacher’s contracted time that they can prepare 

lessons, grade papers, or consider pedagogical decisions. Any additional time a teacher 

would like to spend on pedagogical preparations would be on their personal time. At the 

elementary level, schools frequently incorporate the idea of “specials.” This is time that 

the students are with another teacher that teaches a specialty subject, such as physical 

education, or art. In this rural school, specials time is when that teacher has their prep 

time.  In this rural school, the specials rarely are at the same time, so there is limited 

opportunity for teachers to collaborate. During the time the researcher has been in the 

district, there has never been a formal collaboration on science or any other subject. This 

rural lesson study took place outside of the contracted day; however, the participants 

received a small stipend as the designing of final NGSS lessons was the last part of the 

professional development course sponsored by an outside entity.  

Summary of Participants 

Three primary teachers and one special education teacher participated in this 

study. The participants were the only teacher in their grade level.  These were primary 

teachers, except for the special education teacher, which encompasses grades K-2nd. Each 

participant had a different background and was unique in their training for the classroom. 

The cross-case analysis has been performed on the individual cases as compared to the 

lesson study group as an ensemble (Granott, 1993). 

Amy. Amy is a married, white female in her early thirties. She was pregnant at 

the time of the lesson study and took six weeks off; however, she willingly attempted to 

participate in the focus group discussions via phone conference and continued to 
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participate upon her return to work.  Amy earned her Bachelor’s degree in Education 

from a state university, and recently completed a Master’s degree in Educational 

Leadership from an online college. She has been teaching for about 7 years and has spent 

three years at the 1st grade level.  She was a part of the pilot study done in the spring of 

2015. She speaks about her understanding of what science instruction should look like 

during first interview: 

Prior to last year, and learning a little more about the NGSS, it was more (like) I 

was guiding the kids as they were doing hands on instruction, but once I learned a 

little bit more about NGSS, I started changing my perspective, and I let the 

students take the lead. I'm more of just a facilitator in giving them a problem to 

solve or guiding them in some sort of inquiry, but they are the ones who are 

taking the role of making their own discoveries, coming up with their own 

conclusions.4 

She has shown that she is willing to teach science and has done it more frequently on her 

own after the pilot study. There is evidence in her statements that she believes in 

discovery learning. When asked to identify an example of what science instruction might 

look like in her classroom, she responds with a direct example from the pilot study.   

Last year when our students were learning about land forms, they were working in 

a group together to draw a picture of a town, or a place, or they got to come up 

with their own land. Instead of me going through and telling them where things 

should be, they got to work with one another, and talk about where they wanted to 

place their land forms, and what that land form should look like, and how some 

land forms went together, how if they had two mountains on each side that made a 
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canyon in the middle. That was all done without my prompting. That was done 

with them talking to one another.5 

She has a clear understanding that students need to have discourse. Amy was 

conscientious about her role as a participant in the NGSS state-wide professional 

development. She took her role in the pilot study seriously as well.  Amy clearly likes 

science and wants to know more about how to teach it effectively. This is probably why 

she had a good baseline knowledge of what changes the NGSS brought to science 

instruction.6 She also seem to understand backwards design (Wiggins & McTighe, 1998). 

Designing lessons now looks a lot different than it used to, so designing lessons 

now, we look at the performance expectations that we want to meet, and then we 

think about what students must know prior to meeting that performance 

expectation. It's a little bit trickier because it doesn't line out for you exactly, I 

don't think. The lessons that you should teach and the order that you should teach 

them in you should decide where do you want your students to be at the end, and 

what do you have to have them do to get there? Your kind of thinking backwards.  

What guides us are the NGSS standards, that wonderful book that we have. That 

is such a good guideline for what the kids should know, what different criteria 

there should be, and we evaluate our lessons based on whether they meet those 

expectations. They have those three dimensions in them.7 

Amy had a novice understanding of what three-dimensional learning was and struggled to 

put that understanding into words. She attempts to provide an explanation during the first 

interview. 
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Three-dimensional learning means to me that there needs to be a lot of different 

aspects to a lesson. How am I going to state this?? You're not teaching a lesson 

with just one thing in mind, so three-dimensional learning means to me that our 

lessons are building upon one another, they're hitting different areas, students are 

using different tools to investigate with. It's not just, I'm doing something, you 

copy it, you write it down. There's a lot more that goes into it now.8 

When prompted for what three-dimensional learning might look like in her classroom, 

she states,  

Okay. Three-dimensional learning in my classroom would look something 

like my students are building something to solve a problem. They are 

discussing the cause and effect of some sort of concept. Last year we built 

a model that would prevent erosion from happening. If they're doing three-

dimensional learning, they're building that model, they're revising that 

model, they're talking to each other about, "Well, when this happens, I 

notice that this happens," or, "When we do this, I notice this happens, so 

maybe we should change it so that blah, blah, blah." 

There's a lot of discussion. There's a lot of revision. There's a lot of collaboration, 

and they're defending their models, too, so we also share, and they're talking 

about why their ideas or their models are effective, and what makes them 

effective. Then, kind of listening to their other classmates, and from there, taking 

on ideas that they came up with to, maybe better fix, or better revise their own 

ideas, or their own models. That's a lot of gibberish, kind of. Sorry.9 
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Her thoughts on three-dimensional learning are not clearly defined; however, she 

has a basic understanding that it involves models, revising, and noticing when change 

occurs. It seems almost that Amy is trying to get a particular answer, as if she is trying to 

be “right.” 10 Amy has clear thoughts on how she assesses. The students need to tell her 

why they chose something or defend why they did something. Her students need to 

answer pointed questions about what happened or why something happened. She goes on 

to imply that three-dimensional learning contains, students being able to defend 

themselves, as well as explain their thinking.  She states “When I'm thinking of our three 

dimensions, and our crosscutting concepts, and I guess, they're able to defend themselves 

and they're able to explain their own thinking in their own words through different ways.” 

11 She uses the crosscutting concepts as a separate item from the three dimensions; 

however, she knows that constructing explanations and engaging in arguments are 

somehow a part of three-dimensional learning.  

Mary. Mary is the special education teacher of the group and does not have a 

classroom of her own.  She has been teaching for nearly 18 years. She took the NGSS 

professional development to assist in improving her understanding of primary grade 

science.  Mary was not in the pilot study, but she did assist when the teachers needed an 

extra person to help with students.20 She had been a primary teacher in the past and 

would not be averse to becoming one again.21 This is a possible reason for participating in 

the lesson study.  

Mary moved to this rural school recently and has started her second year as the 

resource teacher for about 25 students. Much of her experience as a resource teacher was 

at a school where she had twice as many special education students and three classroom 
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aides. The school she taught had over 700 students. Mary obtained a BA in Intercultural 

and Urban studies, a Master’s in Education, an English Language Learner endorsement, 

and a special education credential that includes autism.22 She is in her late thirties has a 

husband, dog, and three children that attend the school districts, middle and elementary 

schools on a variance. Mary does not currently have a classroom where she teaches 

science; however, she verbalizes her thoughts on science pedagogy quite well. She states,  

I think science should be, in terms of investigation on the part of the student, 

providing opportunities for students to investigate questions, investigate 

problems, and figure out the science behind it. The students would be doing 

hands-on activities that focused around a question. Sometimes they can generate 

those questions when they're doing it, or sometimes maybe teacher generated 

questions. As far as supporting special education, I've been thinking a lot about 

this lately, how do I help them understand those deeper concepts and vocabulary 

when it's really difficult for them to understand certain concepts, especially in 

science.23 

Her thoughtful answer was evidence that she has some interest in improving her science 

teaching and paid attention during the PD she participated in over the summer. Mary was 

a teacher that seems to have a better vocabulary when it comes to referencing the NGSS 

and the Framework.  She may not have an understanding, but she can use the words 

associated with the NGSS and the Framework in a manner that suggests further 

understanding. She may just be good at vocabulary. She reflected on what she has learned 

so far and was the most articulate in her explanation of three-dimensional learning,  
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I'm thinking that our lessons will be driven from the frameworks and we will be 

looking at those three-dimensional learning, the cross-cutting concepts. I'm 

forgetting the other two at the moment. Just making sure to hit all of the points 

according to those standards, and then creating lessons that the students can 

experience and understand better.  

I think what we've talked a lot about is evidence statements or evidence. Proof at 

the end. How will we know that the student has gained this framework or this 

standard? Creating assessments based on proof to show that those students have 

shown the understanding.24 

Mary stated what assessments might look like for primary grades when she used 

the evidence statements reference. She spoke in a manner that leads one to believe her 

NGSS understanding is more developed than some of the other participants. However, 

she referenced the framework(s) and standards as the same thing, showing that she could 

use the vocabulary, but does not completely understand the topic. 

I think there's multiple ways you can tell if a student understands. A lot of times 

you can tell if a student understands (at a) surface level because they might 

understand a concept by what they say, by what they produce. A deeper level is 

how are they applying that information? Are they truly understanding it to a point 

that they can automatically, in an automatic way, produce something for you that 

shows that they understand the information, whether that's written or verbal. 

Sometimes even at a kindergarten level, it could be pictures. They're not able to 

read yet, but they can draw you a picture about what they understand. Then they 

can tell you about it.25 
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Again, Mary’s statement suggests she has a better understanding about how assessments 

provide evidence of student learning. Perhaps this is due to her special education 

background.26 The Individual Education Plan (IEP) process requires the special education 

teacher to provide evidence to a student’s parents that their child has or has not learned. 

This may help Mary be better prepared to grasp the NGSS evidence statements and the 

purpose of the performance expectations.  

Kori. Kori is the rural school’s kindergarten teacher. She is the youngest of the 

group, at only 25 years of age. This was Kori’s first year of teaching and was therefore 

not in the pilot study.  Her current class size was only 10 students. However, as with most 

rural schools, her next class was over 20 students. Kori received her bachelor’s in early 

childhood education, birth to eight years, from a northern state university.  Kori grew up 

in what most people would consider a rural state. Kori loves martial arts, superheroes, has 

several tattoos, and often wears tutus to class.12 Her hair is short and black, with streaks 

of blue and purple. She enjoys being different, but does not look down on others for 

being more traditional. She took the job in the rural district while her husband stayed in 

their home state for a year, till she determined if she wanted to make the move 

permanent.  Her students are constantly switching up activities to keep them engaged.  

She feels that providing information to students in multiple ways assists in their growth.13 

During her student teaching she was sent to a school that practices the Waldorf approach 

to preschool.  This approach nurtures the child and focuses on the child’s interest.  It is 

creative and hands-on. Rudolf Steiner, the educator and scientist that developed this 

approach, believed that developing problem solving skills requires an active imagination 

(Steiner & Bamford, 1996). During her first interview, her understanding of the Waldorf 
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approach is evident when she discusses what one might see in her class, “It's a lot of hand 

on activity, finding something that they're interested in. We are doing theme week, so like 

G was like glitter, so we did things with glitter for that week.”14 During observations of 

her class, she had students studying different types of seeds as well as growing those 

seeds into a plant.15  

Kori references having only a few students during her first year of teacher and 

how that helps her understand what the students need to learn and allows her more 

opportunities for student discourse.  

I am lucky enough to only have 10 in my classroom, so this makes it a lot easier. 

Right now, with 10 we're doing a lot of just discussions to understand where they 

are and then I can further their understanding if I need to, or I know exactly where 

they are so I know the next step to go. It would probably look different if I had 29, 

but with 10 we just have a lot of discussions, and then they're learning from each 

other and I'm understanding where they are and it works really good.16 

Being that it is her first year of teaching, she cannot really speak to how she might assess 

student learning if she had 29 students. However, her statements show that she believes in 

student discussions and that discourse is how she decides what to do next.  

Kori designs her lesson around themes.  During the beginning phases of the study, 

her kindergarteners were working on the letter G and this lead to lots of glitter in her 

classroom.  She states,  

What guides me to a certain lesson is again fits our theme, so I look for certain 

themes, and then have the science lesson around that theme. I evaluate my lesson 
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by the understanding of the children, so that might just mean through general 

observations of the children or that follow up questions or follow up experiments 

or projects afterwards. I think that answers the question.17 

She was thoughtful when speaking about her pedagogical style, and showed that she 

understands students learn in different ways. Kori’s interviews were the shortest 

interviews every time.  She does not embellish as other participants did. She stated what 

she thinks and was done with her answer.  It is almost as if her answers are her answers 

and it does not matter if they are right or wrong.18 Her thoughts on three-dimensional 

learning are limited.  She stated, “you’re not just hitting on one or two points. Your kind 

of getting the whole…. You’re getting everything.”  She does not speak about what 

“everything” is to her and when asked to explain what it might look like in her classroom 

might look like if she implemented a three-dimensional lesson, she states, “... I wouldn't 

just hand them a piece of paper and say, ‘This is what we're doing.’ I will bring in 

different ways, and then I will know my students are learning that way, by looking at the 

ways that I brought it to them and making sure that they got everything.”19 Kori is 

speaking about how she chooses her style of teaching based on how the students respond 

to the use of verbalization, visualization, or kinesthetic activities. Her class does quite a 

bit of singing.   Kori is not really sure what “everything” is at this point and is lacking in 

an understanding of three-dimensional learning. However, she does understand that 

children learn in many ways.  

Suzie. Suzie was the involved in the pilot study; however, she was the 

kindergarten teacher at that time. She has only recently become the 2nd grade teacher for 

this rural school after the retirement of a 30-year veteran teacher, who was involved in 
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the pilot study as well. Overall, she has been teaching for about 10 years. Suzie is in her 

mid-forties and has three children.  She was in the middle of a personal issue during the 

lesson study training, so sometimes her focus was not always on the work at hand. 

Originally, Suzie was business major and received a BA in Business Administration from 

a state university.  She obtained her K-8 teaching credential from a private college after 

10 years of working in business.27 She made the switch to teaching after having children. 

Suzie feels that students need to have fun.28 She states, “I think you have to make 

everything somewhat entertaining.” 29 Frequently her class will be taken to the gym for 

“playtime” and exercise by the principal of the school.  She admits to not doing a lot of 

science so far because she is waiting for the lesson study to begin.30 She has asked the 

researcher, on multiple occasions, to teach science in her class because she does not get 

it. 

Suzie’s thoughts about science are like the other participants.  Science should be 

hands-one and students should be involved in talking to each other.” 31 Suzie tends to 

talks in colloquialisms and seems to be lacking in her pedagogical vocabulary. This 

tendency was noted in the pilot study as well.32 However, this does not mean she lacks 

completely in science pedagogical content knowledge. She recalls the pilot study during 

her opening interview, stating “science, as far as hands on and being more driven from 

them (students), which I know is our main goal, which we did last year, having the kids 

actually direct their own learning and observe and find things on their own.”33 Suzie 

shows that she believes in discovery learning, just as Amy does. She seems to understand 

that it is the standards that guide teaching. When asked how she makes decisions on her 
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instruction, she focused on the knowledge needed for the next steps in a student’s 

education. She states,  

Well the standards, of course, guide us. We need to make sure that we're focused 

on that because if I'm not, then they're not going to know in 3rd grade what 

they're supposed to get from 2nd grade when the go into 3rd grade, so I definitely 

look at the standards. And online is a great way to start. Looking to see what other 

teachers do, I'm a big believer in that instead of redoing a whole or coming up 

with something completely on my own I like to pull and take from others. I guess 

just making it real exciting for them and again, not with work sheets, I'm not a 

believer in worksheets or lecturing, me up in front of the class. Constantly 

moving, even in 2nd grade, 15 minutes, 15 minutes, I mean just changing it up a 

little bit, moving around.34 

Interestingly, she mentions the need to constantly change and constantly move during her 

interviews in the pilot study as well.35   It seems as if Suzie is also in need of moving and 

changing.  She admits, “I don't know if I ever fully have exactly down what I'm going to 

do. I see where the kids take us with the lesson.”36 Her statements reflect a pedagogy that 

is student-centered. As the conversation turns towards student understanding and 

assessment, Suzie responds,  

I'm a big believer in having conversations with the kids, whole group. As I am 

asking one a question as a whole class, the other kids are listening to it and they 

come in and they say things or "Oh I don't know about that," or I can see looks on 

their faces. You know, assessing them that way, as well as assessing them on a 

piece of paper, them writing down their thoughts, what did they learn and again 
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not so much with questions that I have down but in wide open question. You 

know, tell me what you thought about this? What's something that you didn't 

know before? Having them write it down so it's not real scripted and I'm just 

telling them verbally where they don't actually have a question down on the paper 

to answer but they can discuss it.37 

As with Amy, Suzie believes that student discourse is an important aspect in teaching. 

However, she struggled to define what she is assessing.  She cannot seem to express how 

she knows that the students understand or have obtained an appropriate skill. The 

students are writing down their thoughts rather than something more purposeful in nature.  

One might conclude this is her attitude about life; she is a carefree and that reflects in her 

pedagogical style.  

Suzie’s understanding of three-dimensional learning after the summer PD training 

is almost non-existent.  When asked to share her understanding of three-dimensional 

learning, she responded with “No.” 38 She continued with a plea for help in understanding 

three-dimensional learning.39   

Lesson Study Ensemble as a Participant 

Looking at the participants as an ensemble is an uncommon approach; however, 

Granott (1998) believes that one must look at the learning of the entire group. Most 

research tends to only to look at the development of the single individual (2013).  By 

using the lesson study ensemble an entity, a comparison was made between what 

knowledge the participants had together verses what each stated individually. As a group, 

the lesson study ensemble had participants with different backgrounds and pedagogical 

knowledge. There were differences in how to assess students, what guides a science 
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lesson, and an understanding of three-dimensional learning. Although no participant had 

a complete understanding, two of the participants had developed some of the vocabulary, 

during the summer PD, needed to communicate on three-dimensional teaching and 

learning.  All the participants agree that science needs to be hands-on and student 

directed. Each participant brought a different view, yet had a common framework to 

build a bridge. This allowed a level of productive learning to take place during the 

ensembles group work.  

Collection and Analysis of Data 

The data collection took place during the 2015-2016 school year (see Table 1). 

The pilot study for this research took place during spring of 2015. The participants for 

this study had enrolled in a statewide NGSS professional development during the summer 

of 2015. They participated in several online content knowledge development sessions, 

online discussion forums, and at least one face-to-face session with all the participants of 

the NGSS professional development prior to being asked to participant in the study. The 

participants’ decisions to participate in this study did not change the type of instruction 

they received during the opening phases of the NGSS professional development sessions.  

Only after the online content sessions and the face-to-face session were complete did the 

participants receive training in the lesson study process. It was at this point that the 

mentorship began.  

The data collection continued throughout the school year. The data collected 

included data from the lesson study training period, as well as after the participants had 

taken more responsibility for the lesson study. The mentorship was on-going, throughout 

the lesson study, as the teachers were new to the NGSS. Mentorship is often essential to a 
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lesson study when the teachers are new to the subject or when more experience is needed 

for the task at hand (Groundwater- Smith, Fletcher, & Mullen, 2012). The NGSS is a 

complicated document and many years of training will be required for teachers to gain a 

complete understanding. The state run NGSS PD and the lesson study training were 

integral pieces to assist in establishing a baseline of understanding for all participants 

before the research portion started.  

Background on the NGSS Professional Development 

This study followed a professional development sessions that had an outcome of a 

well-developed lesson on the NGSS science lessons. The professional development 

teachers received focused on content development and several different types of lesson 

plan templates. All participants in the professional development needed to create a 

science lesson using the performance expectations in the NGSS. All participants of the 

professional development workshop decided which performance expectations to use and 

which lesson plan template best fit their lesson design. The participants then shared their 

lessons with other members of the professional development group in three 8-hour 

sessions.  The participants of this study used a lesson study format to work together to 

design, refine, and evaluate science lessons rather than creating lessons independently 

and sharing with the other participants in the group setting.  This study allowed for a 

more active role of each participant in the creation of the final lessons. It permitted 

constant feedback, reflection, and ongoing lesson development rather than feedback by a 

colleague that may not have a clear understanding of the performance expectation for 

which a lesson was developed. The NGSS professional development sessions included: 

content knowledge development lessons, online postings, draft lessons, and other 
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documents from the participants of this research. These became historical documentation 

for this research.  

Table 1: Data Collection 

Data Collection Method 

To what extent does 

the use of lesson 

study influence 

primary grade 

teachers’ 

implementation of 

the Next Generation 

Science Standards? 

How does lesson study 

influence the 

implementation of 

learning in three-

dimensions within the 

primary classroom? 

How does lesson 

study influence a 

teacher’s perceptions 

of student learning 

outcomes and science 

instruction? 

Interviews X  X 

Observations/Debriefs  X X 

Researcher Observations X X  

Observation Tool  X  

Field Notes  X X 

Group Discussions X X X 

Documents/Artifacts X X X 

 

Background on the Lesson Study Training 

Lesson study is a long-term process and takes several months to complete. (See 

Table 2) Participants received mentorship and training on how to conduct a lesson study, 

how to observe a lesson presentation, how to use the observation tool (Appendix B), and 

how to give constructive feedback to the lesson study group on the observed lessons.  As 

lesson study was new to the teachers, the researcher was a participant researcher and 

needed to provide the participants with scaffolding during the lesson study.  As the lesson 

study matured, the researcher removed selective scaffolds and allowed the participants to 

move forward with observations and analysis of the designed lessons in a more 

independent manner (Appleton, 2008). The researcher observed the final lesson design 
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and the final group discussions (End – Lesson Study), while keeping the lesson study in 

the realm of productive learning.  

Table 2: Lesson Study Training Protocol 

Approx. Time 

Amount 

Researcher Protocol Timeline 

for 

Training 
Begin - Lesson Study 

Approx. 3-6 weeks 

1. Respond to participant’s questions as in any type of 

professional development. 

2. Guide the participants in how to design three-dimensional 

lessons and how to assess student learning in three-

dimensions.  

3. Guide the participants in proper evaluation of a lesson, how 

to use the Observation Tool, and how to observe student 

learning outcomes without aiding the students. 

4. Guide the participants through the group discussion and 

peer debriefing.  

5. Perform initial interviews 

Fall 2015 

During - Lesson 

Study Approx. 8-12 

weeks 

1. Respond to questions by reflecting the question back to the 

participants (ex. What do you think? How would you change 

the lesson?) 

2. Begin more observation of the teachers during their group 

discussions and provide reflective questioning and referencing 

to NGSS documents when the group is unable to successfully 

come up with a solution. 

3. Perform second interviews 

Winter/Spring 

2016 

End – Lesson Study 1. Observe and record the interactions between the 

participants. Mentor as needed for productive learning.  

2. Observe and record the development of the final lessons 

and group discussions. 

3. Perform final interviews 

June 2016 

 

Case Data Collection 

The data presented include audio transcripts, video analysis of lesson 

presentation, peer observations and debriefings, semi-structured interviews, guided focus 

group discussions, informal discussions, research field notes, participant reflections and 

journaling, draft and final lessons, and analyzed student work (artifacts reviewed by the 

teachers). Three of the four participant were interviewed three times, at the beginning, 
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middle, and end of the study. One participant, due to circumstances, was only 

interviewed at the beginning and the end of the study. Guided focus group discussions 

were recorded.  The researcher took field notes from the recordings, so that focus could 

be maintained on guiding the group in the lesson study process and the principles behind 

the NGSS. Additional field notes were taken from the lesson presentations observations, 

interviews, and peer debriefings.  The participants used an observation tool during the 

draft lesson implementations. The participants used the tool to record their thoughts on 

the draft lessons meeting the three-dimensional requirements from the NGSS. The 

researcher used the tool as an artifact, during reviews of all the video recorded lessons, to 

determine the participants’ understanding of what three-dimensional implementation 

looked like in the primary classroom. It also helped with evidence of the participants’ 

understanding of the purpose of the performance expectations and the evidence 

statements. After each interview and focus group discussion, the researcher journaled 

about what had occurred. Overall data saturation was reached due to the lack of 

additional codes and themes that arose in the data (Merriam,1998). New data did not 

produce significantly different categories. 

The interviews, guided focus group discussions, lesson presentations, and any 

audio recorded material were transcribed verbatim. When all the transcripts were 

complete, the researcher did a member check with the participants. The process of coding 

the data began.  Each document and transcript was coded using the open coding process, 

a process where the data is examined through questioning and comparison (Gibbs, 2008). 

In this manner, the researcher avoided any predeterminations about the data. Axial coding 

was the next data analysis and was the process of uncovering the phenomena that 
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occurred. The final analysis was done with selective coding, where the researcher 

developed the relationships found within the categories (Creswell, 1998). The study’s 

findings have been analyzed in the context of the themes evident in each individual’s 

experiences, as well as analyzed within the interconnected nature of the lesson study.  

The cross-case analysis of the individual experience vs. the lesson study’s group thinking 

assisted in uncovering the lesson study’s productive learning opportunities towards the 

development of three-dimensional pedagogy.   

Data Analysis 

Data collection and data analysis was simultaneous with the processes and 

activities (Creswell, 2013; Merriam, 2009). This research was exploratory and looked at 

how lesson study can provide a productive learning atmosphere that could influence a 

teacher’s perceptions of three-dimensional learning, student learning outcomes, and a 

teacher’s relationship to instruction. To best fit the types of data and methodological 

application of the lesson study, data collection and analysis took place at the same time. 

Moreover, a constant comparative method of data analysis was used to further shape 

lesson study training and implementation as the study is conducted over time (Merriam, 

2009). The combination of the multiple data sources assisted in using confirming and 

disconfirming evidence (Creswell & Miller, 2000). Data was analyzed with the 

introductory interviews to establish a baseline of where the participants’ stand on three-

dimensional learning and its use in the primary classroom. The data collected assisted in 

the development of more thoughts and ideas of what types of mentorship the participants 

needed so that the participants gained insight into how the evidence statements and the 

performance expectations, which include all three-dimensions, guide the next level of 
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instruction.  The additional data collected during the study served as evidence that either 

confirmed or disconfirmed if changes in perceptions are taking place. As new data was 

collected it was compared with data from the group discussions, interviews, field notes, 

observations, and journals so that the categories and themes develop, which lead to a 

substantive theory as to what took place with these rural teachers and their ensemble, or 

lesson study group.  The data was analyzed using an open coding process, a process 

where the data is examined through questioning and comparison (Gibbs, 2008). This 

helps the researcher avoid any preconceived notions about the data. The process of 

coding continued with axial coding, the process of looking for the cause of a 

phenomenon that was uncovered during open coding. The final analysis was done with 

selective coding, where the researcher will the develop the relationships found within the 

categories (Creswell, 1998). 

Data collection was useful in determining if lesson study had an influence on the 

participants’ perceptions. By using the constant comparative method (Glaser & Strauss, 

1967; Gibbs, 2008; Merriam, 2009) similarities and differences were found within the 

teacher’s perspectives. Lincoln and Guba (1985) have shown that data analysis and 

coding should strive to find the smallest piece of data that can stand alone, yet still assist, 

in answering a researcher’s questions (p. 345). These individual pieces of information 

were categorized into larger groupings that will be useful in answering the research 

questions (Merriam, 2009). The categories were grouped further into themes that assisted 

in reporting what influences lesson study had on the participants’ perceptions. To help the 

study, establish trustworthiness, this study was designed with validity and reliability.  
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Trustworthiness 

Four methods can be used to ensure trustworthiness of qualitative design (Lincoln 

& Guba, 1985; Lincoln et al., 2011). In the naturalistic tradition, this investigation will 

use credibility, transferability, dependability, and confirmability to assist in developing 

trustworthiness in the study. Persistent observation, prolonged engagement and 

triangulation of the data established credibility. There were member checks to ensure data 

is correctly being recorded. Transferability assisted in establishing a clear view of the 

investigation.  Transferability was established by providing thick and rich descriptions of 

the activities, interactions, and observations. Dependability and confirmability was 

provided through a clear audit trail.  

Credibility 

There are many activities that assisted in establishing whether the findings are 

credible.  This investigation employed the use of three, to help with credibility; they were 

prolonged engagement, persistent observations, and data triangulation.  Prolonged 

engagement can be interpreted as a significant investment of time to establish an 

understanding of what is occurring (Y.S. Lincoln & Guba, 1985).  Prolonged engagement 

helps orient the researcher to the dynamics of the situation.  This research took several 

months to complete, lesson study meetings took place weekly, and as lessons were 

taught, the participant researcher and participants were in frequent contact with each 

other. Persistent observation often accompanies prolonged engagement because it assists 

with adding another dimension to the investigation (Erlandson et al., 1993). While 

engaging in building trust and establishing a rapport with a group, a researcher will be 

eliminating distortions by gaining insight that prolonged engagement does not necessarily 
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provide. Persistent observation helped in the identification of events or relationships that 

are affecting a situation.  This investigation was designed to provide the researcher with 

multiple opportunities to engage in active observations of group interactions through the 

peer debriefings and focus group discussions. Lastly, the data gathered had several 

sources of triangulation to continue to support credibility. The investigation uses field 

notes, documents, reflections, journals, observations, and focus group discussions.  This 

assisted in obtaining, not only direct information, but allowed for information to be 

corroborated against multiple sources.  

Transferability 

Lincoln and Guba (1985) establish that even if a study is designed to report on 

only one particular event, it must provide the extent to which the information might help 

others studying similar situations.  Transferability was provided by providing a thick, rich 

description of the events that take place. This assists readers in creating the scene and 

setting of the research. The investigation used a purposeful sampling, another method of 

establishing transferability. A purposeful sampling is used because by its nature it will 

provide the rich descriptions necessary.  Morse (1991) suggests that researchers can 

choose participants based on the intent of the research. This research employed 

purposeful sampling and this helped establish the rich information required to determine 

the extent of the effect of lesson study on three-dimensional pedagogy.  

Dependability and Confirmability 

It is necessary to provide information to prove that interpretations of the findings 

are objective. A clear audit trail assists with determining the dependability and the 

confirmability of the investigation (Erlandson et al., 1993). The researcher kept all the 
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data and referenced the data by documenting where and when a piece of information was 

obtained. The researcher provides an account of where information was obtained, for 

example raw data, data reduction and analysis and personal notes,  so that another 

researcher may review the study and determine if conclusions, interpretations, and 

recommendations are supported by the data (Erlandson et al., 1993). 

Summary 

The purpose of this study was to explore the use of lesson study as a method of 

professional development for rural, primary teachers implementing the NGSS, and its 

associated three-dimensional learning and performance expectations. A descriptive, 

exploratory case study was used to report on the extent of the effect lesson study has on 

the teachers’ knowledge and abilities in NGSS science instruction.  Rural participants 

were selected based on their participation in the NGSS professional development sessions 

designed to introduce the NGSS and increase science content knowledge. As lesson study 

is usually a year-long process, this research took place over several months and contained 

several data sources. The researcher was a mentor to the teachers, so that the teachers 

understood how a lesson study is structured. It is important for the teachers to understand 

that lesson study is not an evaluation of a teacher; it is an evaluation of the lesson.  

Lesson study is a method for developing lessons that accomplish the teacher’s student 

learning goals. Without objective evaluation of a lesson, it is difficult to determine if the 

lesson is effective. Because the teachers lacked an understanding in how lesson study 

works, the mentorship was warranted. As the lesson study progressed, and teachers 

developed their abilities to objectively analyze lessons, the mentorship was reduced. 
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The researcher began the lesson study with willing participants after the NGSS 

professional development sessions. The researcher conducted semi-structured interviews 

before, during, and after the lesson study. The researcher recorded, documented, and 

reflected on all group discussions. The participants were asked to record reflections about 

the lesson study outcomes and participation in the lesson study. The participants 

conducted peer observations and debriefing of the lessons. Some level of mentorship was 

provided on the lesson study process throughout the research, yet the teachers determined 

if changes were needed to a lesson as a group.  The participants analyzed and redesigned 

the lessons if needed to reach the performance expectations and the three-dimensional 

learning objectives. Historical documentation was obtained from the NGSS professional 

development, and assisted in developing a baseline of understanding prior to the lesson 

study. The researcher reviewed the final lessons the teachers developed, and reviewed 

lessons via digital video. This information helped triangulate the data from interviews, 

peer observations, journals, and group discussions. It provided information on what the 

participants have learned from their experiences and participation in the lesson study.  
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CHAPTER IV 

DATA AND FINDINGS 

Teacher Vignette 

Improving Lessons on Light 

Kori, Amy, and Suzie have just completed their lesson on the effectiveness of a 

light source.  Mary was not available to be involved in their focus group discussion. 

These lessons are designed to meet the performance expectations found in the Next 

Generation Science Standards (NGSS) on light. This lesson was third in the series of four 

and was focused on 1-PS4-2 “Make observations to construct an evidence-based account 

that objects can be seen only when illuminated.” The teachers had designed this lesson to 

assist in developing student understanding for a later engineering lesson, 1-PS4-4 “Use 

tools and materials to design and build a device that uses light or sound to solve the 

problem of communicating over a distance.”      

This lesson would help the students make a claim about using a light source. The 

teachers designed this lesson so that the students’ claims, in the follow up engineering 

activity, would be based on the evidence.  The teachers had utilized the multi-purpose 

room (MPR) in this small, rural school. The MPR contains 8 of the typical fold up table 

found in lunch rooms across the country.  The MPR has a couple of freezers, a large 

refrigerator, a warmer, and a commercial oven.  These items are left over from when the 

district participated in the school lunch program over 20 years agos.  The lunch ladies are 

long gone and the school runs a heat and serve snack cart, as a fundraiser, on Fridays. 

More with less is the watchword for this district.  There are students that could use free 

and reduced funding, but since the school has no lunch program at all, students in real 
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need are given snacks from the money made at the snack cart fundraiser. This ensures the 

students in need are at least fed. 

The teachers had asked the maintenance men to cover all the windows and turn 

off the one emergency light that is always on in that room, this way the room would be 

completely dark for the lesson.  Their designed lesson used four light sources to view 

letters of the alphabet outlined in glitter.  Students stood at one end of the room and the 

letter was placed at the opposite end.  The students choose their source of light and tried 

to identify which letter was revealed. The students used a glowstick, flashlight, pen light, 

and an electric candle to see what type of light worked best.   

The following is a lesson study group discussion after all the student groups had 

been through the lesson. The teachers were determining if any changes should be made to 

the final written lesson, as well as looking to see if the lesson met all student needs. The 

teachers reflected on what the students said and did during the lesson. They were thinking 

creatively about connections that the lesson could make to other curriculum areas. They 

were making decisions about what would be relevant to the performance expectation. The 

vignette is an excellent example of all the different themes found in this study.  

Amy: Umm, so for this lesson, I think we, we wanted them to identify that the 

light sources were all different and then we wanted them to identify which was 

most effective. I think they all could do that. 

Suzie: Mm-hmm (affirmative) They all were. It was interesting because this 

group used effective. I mean Leslie (pseudonym), they knew exactly what 

effectiveness was, Rick (pseudonym) was using effectiveness. They knew it, and 
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we didn't focus so much with the other two groups on that, which we probably 

should have. Like you were saying, you like to hear them discuss that vocabulary, 

which was great. 

Kori: It was a great vocabulary. 

Suzie: Maybe when we write our final lesson, effective ... That needs to be 

brought (up) so that by the end of the lesson they are ... Like when we're in here, 

when they write what they learned, that word… 

Amy: Effective comes up, yeah. 

Suzie: Effectiveness was coming up 

Kori: It was interesting, one student in this group I hadn't heard, said they thought 

like Sally's group (pseudonym), if it was a real candle, we'd be able to see it 

because it would be stronger than the electric candle. 

Amy: Oh. 

Suzie: Oh! 

Kori: I'm like, "I hadn't heard that." 

Suzie: That's interesting, yeah. 

Kori: I'm like, "Okay." But yeah, that was something. 

Suzie: That would be good. 

Amy: Yeah. 

Suzie: I know that one thing I skipped this last time was, "This is your picture, 

this is your picture." 

Amy: So, they were kind of ... 



Texas Tech University, Camille T. Stegman, May 2017 

109 

Suzie: This group's a little of our behavior group. I noticed, in not just my class, 

but ... 

Amy: Oh yeah. 

Suzie: Not kindergarten, but first grade, too. 

Amy: First grade, too. Oh, yeah. 

Suzie: So it was a lot.  

Kori: There is a lot. 

Suzie: Sometimes, maybe ... Well, we only have one more lesson, but maybe they 

need to be our first group, because they're the behavior group I noticed. Whereas 

kindergarten ... 

Amy: Yeah, so they're the ones who get the most direction.  

Suzie: The second group was awesome. I'm not saying kindergarten ... 

Kori: No, no, no. Kindergarten, we're, you know…. 

Suzie: It's just more explanations because they're younger. 

Amy: Maybe we switch the positions (of the groups)? 

Suzie: Yeah. I hate mentioning, "This is not what you're going to do," because I 

hate being so negative sometimes. 

Amy: Sometimes, yeah. 

Suzie: With this one, you have to tell them, "You're not going to do this," because 

if you don't, they do it. 

Amy: That's the first thing they're going to do. 

Suzie: It's too hard to not ... 
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Amy: This is also my group with some of my lower, lowers (students). I think 

modifying it next time ... I think the writing on their own was great, but for a 

couple of mine, that was just way too much. 

Suzie: They couldn't do it. 

Amy: Next time, I'll just have them….  

Kori: Draw 

Amy: Yea, draw, or write a word ... 

Suzie: Mine were lower, in that group, and he was not able to help them at all. I 

saw, he was like, "Oh, uh-huh." Then, the other one was like, "I'm not helping 

you, because I can do it so why can't you?" You know? 

Amy: Exactly, yeah. 

Suzie: My second grader wasn't kind. But he's pretty good. I think they're split up 

pretty well. 

Amy: Yeah. 

Suzie: That table seemed great. Those groups on that table seemed great. 

Amy: Yeah, they behaved very well.  

Suzie: This one was behavior and a little bit low ... 

Amy: This group has some lows, but they are well-behaved lows. 

Kori: Yours still tried. 

Amy: Yeah, they were trying. If they weren't, they were doing their pictures, 

which is good when we have a worksheet like that one that we did, that has 

picture and writing.  

Kori: Because if they can't write, at least they'll have the picture. 
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Amy: The picture is fine. 

Suzie: The picture says it. 

Amy: So, we should keep that. 

Suzie: Everything we did, I wouldn't change anything in the classroom I don't 

think, with the smart board and that. I thought the presentation was great in here. I 

don't know about changing ... They had the items. They had the picture. The one I 

thing I think, that I don't know how to do it with the pictures up ... Maybe on the 

lesson, we could tell the teacher, "When they use the glow-stick, I would like to 

stop it and see." They started saying with the ...With a glow-stick, they were like, 

"I saw sparkles. I saw the pink paper." I'm like, "You did?" "Yes, I did." So stop 

it, cover it back up….. it’s a lot of time. 3 

Introduction 

The research presented explores four rural teachers’ using lesson study as a 

method for understanding the changes required by the Next Generation Science 

Standards (NGSS), and its associated three-dimensional learning. The participants were 

viewed as individual cases due to their unique perspective of being the only teacher at a 

grade level. Rural schools frequently have only one teacher per grade level.  These 

participants chose to work with teachers from other primary (K-2) grades rather than 

independently as many rural teachers might have to do in a similar situation. The 

participants were all from different backgrounds and while two of them graduated from 

the same state university, one participant had a bachelor’s degree from that university in 

business management. She went on to get a teaching license.  The other received her 
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bachelors in Elementary Education and went on to get a Masters in Administration.  This 

helped to determine that each participant can be viewed as an individual case.  

The research examined the teacher’s work as an ensemble, or lesson study group, 

to determine if the group co-constructed knowledge. This allowed the focus to be on the 

productive learning of the teachers through their use of the lesson study. The research 

questions focused on the use of lesson study as a method for assisting primary teachers in 

developing their abilities in how the Next Generation Science Standards (NGSS) assist 

students in developing a deeper understanding of a scientific concept.  The participants 

worked together, and the participant researcher acted as a mentor in the process of lesson 

study. The participants focused on how the performance expectations use the three-

dimensions. This feature of the NGSS assists educators in focusing on what a student is 

supposed to know and do at the end of instruction (NGSS Lead States, 2013). The 

performance expectations identify whether a student has progressed in their skills and 

understanding of a concept and the core ideas.  The participants utilized the evidence 

statements to provide confirmation that their designed lessons were meeting the three-

dimensions, as suggested by the Framework for K-12 Science Education (NRC, 2012). 

The evidence statements provide understanding about what a student should be able to 

demonstrate (Achieve, 2015). Additionally, the teachers reflected on their work so they 

could make effective judgments on whether a lesson adequately met a performance 

expectation. A descriptive, exploratory case study focused on discovering of the 

influence lesson study on the teachers’ knowledge and abilities in NGSS science 

instruction.   
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The participants were selected based on their participation in an NGSS 

professional development designed to introduce the NGSS and increase science content 

knowledge. The participants came from a small rural school district where, like many 

rural schools, professional development is often too general and not subject specific 

(Harmon and Smith, 2007). This lesson study had the participants not only developing 

NGSS lessons, but allowed the teachers to reflect on their own science pedagogy. As 

lesson study is usually a year-long process, the research took place over several months 

and uses data from focus group discussions, informal discussions, interviews, reflections 

of the participants, lesson plan documentation and other artifacts, researcher reviews of 

the presented lessons, and teacher observations and lesson plan modifications.  

The research questions for this study have assisted in determining if a lesson 

study could be a method of helping primary, rural teachers develop their abilities in three-

dimensional learning. The descriptive, exploratory case study had one overarching 

question and two broad subordinate questions.  The questions were: 

1. To what extent does the use of lesson study influence primary grade teachers’ 

implementation of the Next Generation Science Standards? 

a. How does the use of Lesson Study influence primary grade 

teachers’ implementation of the Next Generation Science 

Standards and associated three-dimensional learning with their 

classroom instruction? 

b. How does the use of Lesson Study influence primary grade 

teachers’ knowledge of the purpose of the Next Generation 
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Science Standards’ performance expectations on student 

learning in science? 

This study was designed to help rural teachers with the difficult task of 

developing their abilities in how to effectively use the Next Generation Science Standards 

(NGSS) and its associated three-dimensional learning. As many states prepare to institute 

the NGSS, a rethinking of how science instruction is conducted in the primary classroom 

needs to occur. Many of the reasons previously discuss in prior chapters will only 

complicate the training that needs to take place over the next several years. Compounding 

the problem, for rural areas of the country, is the lack of collaborative opportunities for 

rural teachers. Collaborative efforts for rural teachers often involve the teacher giving up 

personal time to participate (Johnson, 2006). This was the case for these four participants. 

Primary and elementary teachers will need the type of peer coaching, mentoring, 

reflection, and a job-embedded focus, often found in collaborative activities, to develop 

their abilities in three-dimensional learning (National Academies of Sciences, 

Engineering, & Medicine, 2015).  

Analytical Focus 

The theoretical framework for this study focused on productive learning. This is 

learning that takes place with the help of a perceived expert, uses modeling, 

internalization, verbalizations, and social influences. It is a framework that takes the 

position that people learn by creating “shells or bridges,” for future information to be 

stored (Granott 1993a, 1994, Granott & Parziale, 1996) A “shell or bridge” is a place 

holder for future information. Therefore, as the data was analyzed the researcher began to 
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organize the evidence by what each case contained in relation to the productive learning. 

The analysis was done by themes that cut across the data (Merriam, 2009).   The themes 

developed were present in all the cases, including the lesson study ensemble. The Case 

Themes analytical focus (Figure 2) presents how each case contained elements from the 

themes. Furthermore, the lesson study, is presented as a cross case analysis which 

allowed for additional evidence to be presented and assisted in finding the productive 

learning pieces. The analysis across the cases, thus provides information as to the 

productive learning that specifically took place for the participants.   

Themes 

Codes, categories, and themes are the basis for qualitative studies, such as this 

dissertation. Codes developed as the researcher openly coded each document, transcript, 

field note, peer observation notes, and created lessons; then examined it through 

questioning and comparison (Gibbs, 2008). In open coding, the codes developed into 

categories and themes that helped locate evidence of change. There were four main 

themes in this study; three of them were related to the research questions and one related 

to the teacher’s constant focus on classroom and time management; this theme was 

labeled Lesson Management. Ward and McCotter (2004) discuss that a focus on 

management does not consider connections of teaching and learning.  It is a response to 

specific circumstances that does not change the teacher’s perspective.  For this reason, 

although it was a prevalent theme, it does not offer any insight into the teacher’s 

implementation of the NGSS or their understanding of the performance expectations. 
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Figure 2: Case Themes 

 

The remaining three themes focused on Three-Dimensional Implementation (3D 

Implementation), Thumbs Up/Down and NGSS Thinking. The themes developed out of 

the open coding process and were categorized.  The categories relating to the theme for 

3D Implementation were Probing for Knowledge, Working on 3D, and Evaluating 

lessons.  Under the theme, Thumbs Up/Down, there were two categories Lesson Study 

Supports, and Lesson Study Challenges. The last theme related to the questions was 

NGSS (Next Generation Science Standards) Thinking.  The categories here were Focus 

on Evidence, NGSS Awareness, Science Pedagogy. As stated, the last theme took up a 

large focus for the teachers; however, it is simply a factor of teaching elementary 

students, especially, K-2 students.  The primary grades require more monitoring, frequent 

activity changes, and management. The Management theme contained categories for 

Logistics, Teacher Issues, Modifications Made, Project Requirements (the final 

requirements for the original professional development).   
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Three-Dimensional Implementation 

For three-dimensional learning to be implemented in the classroom successfully, 

training must occur shortly after adoption of the NGSS (Bybee, 2013).  The training that 

Bybee (2013), Reiser (2013) and Wilson (2013) suggest should a focus of pedagogical 

skills, assessment practices, and conceptual teaching shifts. A teacher’s ability to 

implement three-dimensional teaching will require spending time analyzing what the 

child should be able to do at the end of instruction, as previously noted, these 

transformations to classroom instruction cannot be surface changes.   

The first research question refers to the primary grade teacher’s implementation 

of three-dimensional learning.  The open coding revealed multiple statements or 

observations that can be viewed as three-dimensional learning and its implementation. 

The theme of 3D Implementation had a category of Working on 3D, this category 

contained subcategories for each of the dimensions. Codes such as “analyzing data,” 

student testing,” student manipulating,” student building,” “revising and testing,” 

“following a plan,” solve problems,” “predictions,” “testing predictions,” “inquiry,” 

“develop a plan” (subcode: independent work),  “group work” (subcode: helping each 

other), “independently,” “student discourse” (subcode: students discussing), “question 

focused,” and “constraints,” all feel under the subcategory of Practices.  Another set of 

codes developed into a subcategory called Crosscutting Concepts, these were “cause and 

effect,” and “structure and function.” A subcategory of Core Ideas grew out of codes for 

“using light,” “understanding light,” and “using local environment.” Additional codes 

were found that were not specifically related to one of the three-dimensions, but are still 

codes that fell into the category of Working on 3D. These codes were “realistic 
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activities,” “reaching all students,” “student activities,” “using information in new ways,” 

“backwards design,” “lessons building in depth,” “student led,” and “lessons written in 

3D.”  

The category Evaluating the Lesson contained a subcategory of Lesson Design.  

The codes for this subcategory were “engagement,” “predict, observe, explain” (a lesson 

plan model), “3D lesson building,” “discovery learning,” and “purpose.” Another 

subcategory was Teacher Looks at Lesson Objectively.  This subcategory included codes 

of “performance expectation,” “EqUIP rubric,” “determining understanding” (subcodes: 

what does student learning look like), “students’ answers,” “observation tool” (which had 

a subcode of “progress monitoring”), “modifications for student learning” (subcode: 

learning goals), and “modifications for ability” (subcode: ability and age).  The final 

codes for this category was “lesson arrangement” (subcode: order of lessons).  

The last category for the theme 3D implementation was Probing for Knowledge. 

The codes found here were “probe assessments,” “activating knowledge from prior 

experience,” “wondering what kids know,” and “questioning students.” Teachers made 

numerous references to the theme 3D Implementation during discussions, interviews and 

in reflections.   

Amy showed evidence of 3D implementation when she reflects in her journal on 

Lesson 1.  She was referencing that the students were understanding light. She stated, “I 

think I can confidently say that most students understood that light allows us to see, and 

the lack of light makes it so that we cannot see at all, or as good as with light! Yay!”161 

Amy was thinking about what the students may now know about the disciplinary core 
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idea, understanding light. Amy made the following references related to the theme 3D 

Implementation as she thinks about Lesson 3, Effectiveness of Light. She was thinking 

about each piece and its importance to the overall lesson. Amy was considering 

adjustments to the lesson.  

I’m thinking step one needs to be changed. “Teachers will display a picture of a 

mine on the SmartBoard. From there, students will discuss what they’re looking at 

as well as what they know of those. Maybe instead of showing pictures of the 

mine, we should show pictures of our light sources and what do we know about 

them already.  The mine is becoming obsolete because now at the end (of the 

lesson) we’re not even talking about the mine anymore, we’re just talking about if 

it’s dark in general.48 

Later after some more thought, and a prompt to consider what the lesson is trying to 

accomplish. She adds, 

I’ll show a picture of a mine, talk about what we know about mines, show the 

light sources or vice versa, which would be effective. “We’re going to take a look 

at three different light sources and how they affect our surroundings. We’re going 

to test three light sources: a glowstick, a flashlight, a flood light.blah, blah,blah 

That can all go together, “what do you think will happen when you use a 

glowstick to illuminate the area around us?49 

Amy was attempting to make the entire unit more three-dimensional by focusing on the 

purpose of this lesson; the effectiveness of light sources and its relationship to the other 

lessons. The changes she was considering is evidence that she was thinking about how 
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the lessons cohesively flow. In the final lesson, communicating with light, because of her 

thinking about lesson arrangement, the children had additional experiences with objects 

being visible, not visible, or somewhat visible in the presence of light, essentially that 

some light sources are more effective.  

Suzie displayed the theme 3D Implementation, under the category Evaluating the 

Lesson.  The teachers were discussing the last trial of Lesson 3, the lesson on the 

effectiveness of light. They were determining if the lesson had successfully met their 

objectives.  Suzie states  

Mmm-hmm (affirmative), they all were and it was interesting because this group 

used effective. I mean Logan (pseudonym)… they knew exactly what 

effectiveness was, Ryan (pseudonym) was using effectiveness.  They knew it and 

we didn’t focus so much with the other two groups on that and we probably 

should have 50  

Suzie continues her analysis and considers the final lesson write up for publishing, 

So maybe when we write our final lesson that needs to be brought (up), so that by 

the end of the lesson, like when we’re in here and they write what they learned 

that word effectiveness comes up.51 

Suzie was considering how to inform a teacher, with no prior knowledge of the 

development of the lesson that the students will pick up new vocabulary words because 

of the three-dimensional nature of the lesson. Suzie is also looking at the how the 

students can increase vocabulary by having an effective science lesson. She is reflecting 

on how science can inform other areas of the curriculum.  
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Mary, during a redraft of the second lesson, although she makes the statement 

during redrafting of Lesson 3, demonstrated the theme 3D implementation. By using a 

previous experience from Lesson 1 to guide the opening of the second lesson the teachers 

are showing additional evidence of the lessons as an entire unit, something that is 

required for 3D lessons. Discreet and independent activities will not be successful NGSS 

implementation. The segment also shows that the lesson used planning and carrying out 

investigations, a practice in the NGSS. Mary states,  

Because we did it different than we talked about, what we did was we just took a 

picture of something they saw down in the basement, to bring that back into it and 

then gave them the materials.  Pretty much, this is my box, you have to figure out 

how to get the picture in and the only rule is you can’t take the tape off. Ready, 

go.  Make your plan. They make their plan, first individually. Talk about it and 

make a group plan.  They make their group plan, then they got their tool box and 

then, they went to town.52 

Mary was showing evidence that she is growing in her understanding of how the lessons 

build on each other. She was assisting students with their understanding of light and that 

light helps them to see, by relating the previous event in the first lesson to the second 

lesson (Achieve, 2016). She was also showing evidence that Lesson 2 utilized a science 

practice (NGSS Lead States, 2013). Mary writes in her reflection journal that she believes 

the teachers worked on three-dimensional lessons throughout the lesson study.  Mary 

writes in a final overall reflection, “Each of our four lessons, we went through the NGSS 

standards and three-dimensional learning practices. We know they (students) learned our 

objectives from their responses, whether written or recorded orally.178 If those responses 
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met our evidence statements, then it was proof they met the goals we set out.” She 

continues with “We matched the performance expectations and the evidence statements 

to each lesson and made sure there was three-dimensional learning in each lesson.”179 

Mary appears to have the vocabulary needed to speak about the NGSS; however, it was 

noted that she used three-dimensional learning and included ‘practices’ with the term. 

This could be evidence that she does not have as much understanding as it appears.  

Evidence that Kori worked on 3D Implementation can be seen in her comments 

during her final interview, she was asked how she evaluated the lessons. Kori was 

referring to an engineering lesson, the final lesson in their unit. She said,  

It kind of changed as the lesson went on because at first we were going to 

evaluate looking at what they made then we realized some of them were having a 

harder time so we were listening at conversations looking at their original 

blueprints that they created and things like that so they found out we found out it 

was a lot harder to make some of these designs once they were done and they 

didn't work as well as them or us thought they would, so we listened, we asked 

them guided questions ... Well not guided questions, we just asked them what 

you're doing, how's this working, what your piece is and then also looked at their 

work that they did.53 

Kori statement showed a change that was made to the fourth lesson; the teachers had 

changed the lesson so that the students developed a blueprint of their design. Her original 

lesson had the student’s creating a blueprint; however, the final lesson had added a 

component of the students discussing why they built their device and specifying the 
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structure and function of the parts.54 The teachers helped guide the young children in 

asking each other questions about their devices, since the teachers found this part of the 

activity a little more difficult. By asking better questions, not only were the teachers 

developing better discourse from the students, they were working on the students’ 

metacognitive development, which can improve overall subject knowledge.  

Additionally, even though time was frequently an issue, Kori shows evidence that 

allowing for additional time might lead to a better experience for the students. Kori 

comments during the fourth lesson, “Some of them while they’ve been doing it, they’ve 

been changing it. They realized that it (the device) will work but they still change it. 

Maybe we should give them a little time to make sure they’re drawing a picture of what 

they ended up with for their last plan.”159 She desired to make sure that the students are 

getting the concept of structure and function and planning and investigating, not just 

building something for fun. 

All the teachers made some form of reference independently to the creation and 

improvements of lessons so that the lesson would be three-dimensional. The teachers 

worked on their three-dimensional lessons during their time as peer observers.  

As the lesson presentations were reviewed by the researcher and there were many 

instances where the teachers were asking questions of the students, which assisted the 

teacher in either changing the lesson, adding to the next lesson, or simply offering up 

more information at the start to assist the students in focusing their efforts.  

Amy’s questioning of the students in Lesson 3, Effectiveness of Light, helps 

provide evidence that the lesson was three-dimensional because the students must state 
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their reason for the choice of candle to find the penny. She has just asked the student to 

raise up the item they would use to find the penny and asked the students to review what 

item other groups have raised. She stated, 

Amy: Take a look at the other groups, take a look at what they have held up. 

Silently, take a look. What do we see? Katie (pseudonym), do you see something 

that’s different? 

Katie: Yeah, Flashlight 

Amy: Flashlight, isn’t that the same as you? 

Katie: No, I meant a candle 

Amy: Where? So this group, can you talk about why you chose a candle? 

Matt: Because it has more light than the flashlight because all the flashlight has is 

the round circle. 

Suzie: What did you say? You were showing us with your hands 

Matt: The candle it’s not just a circle on the grass, if it dropped on the grass, Like 

a bigger circle than the flashlight.193 

Throughout the lesson study the teachers would begin and end their lessons with 

questions for the students. This focus on questioning allows for the teacher to evaluate 

the student’s explanations and encouraged the students’ metacognition. In the 

researcher’s viewing of the recorded lesson, there was evidence that Mary gained student 

engagement with her question about predictions. The teachers had prepared the same size 

boxes and have placed an X on the end with the object in it (a picture). In the opening of 

Lesson 2, Light Illuminates, Mary asked the students to make a prediction about what 

might be inside the box. Mary asked the students to explain what a prediction is, a young 
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student responded that it is like a guess. Mary tells them they are correct.194  She asked 

for some predictions. The students are very engaged in guessing what it might be.195  Her 

questioning continued when she reminds them of what they saw in the basement and 

what helped them to see. The students answer in unison, “light.” Mary goes further and 

asked what could they see when the light was off, the students say, “nothing.” Her final 

question, “What do we need to see inside our box?” A student responded, “Open it.” 

Mary tells them they cannot open the box, but they have tools that can help them. 196 

Mary questioned the students in a similar manner in all the presentations.  

During the third trial of the same lesson, Suzie showed evidence of building three-

dimensional lessons when this time she questions the students.   Suzie was asking 

students why they choose the light source they did to see the penny. This provided her 

with evidence that the students can take the information learned and apply it to a different 

situation, a three-dimensional element. Suzie started, 

Suzie: Ok, go. Oh, wait till you hear this one. Go ahead 

Student 1: It provides more light. 

Suzie: Super, more light than the candle and the glowstick? 

Student 1: uh huh 

Suzie: Why? (pointing to students with hands raised) 

Student 2: Because it has more light 

Suzie: Go ahead (pointing to students with hands raised) 

Student 3: He said this has more light. 

Suzie: More light than the candle and the glowstick? Ok, last one  

Student 4: The light helps you see 
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Suzie: But there’s light from the candle? 

Student 5: and the glowstick 

Suzie: Mm-Hum, so why did you chose the flashlight? 

Student 4: Because it helps you see. The candle and the glowstick you can barely 

see. 

Suzie: perfect, barely light, Ok 

Student 4: Lets us see better 

Suzie points to one final student. 

Student 6: In the dark, the flashlight can help us see way better than the candle 

and the glowstick.  

Suzie: OK Perfect!192 

Neither Amy nor Suzie told that the students’ that their thinking is correct or incorrect. 

The students have provided the teachers with evidence for their group’s thinking. Suzie 

was encouraging a metacognitive strategy by having the students explain their thinking.  

Kori, during the Lesson 4, Communicating with Light, when she was debriefing 

the class as a group.  She asked one young student about which one light source worked 

better,  

Student: The flashlight works better. 

Kori: The flashlight works better, give me more detail on that. Flashlight works 

better when? 

Student: When it’s dark. 

Kori: When It’s very dark? 
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Student: Super dark 

Kori: What did it work better than? What was the other things that you tried 

using? 

Student: A glowstick 

Kori: You used a glowstick? 

Student: And candles (electric candles) 

The evidence showed that she was questioning the student in a manner that helped the 

students connect the activity to the overall core idea, light helps us see and some light 

sources are more effective. Kori was probing for student understanding, which helped the 

student to apply metacognitive thinking. These types of exchanges between the teachers 

and the students happened frequently.  This was evidence that the teachers were 

understanding the use of questioning of the students. 

An additional analysis of this theme can be provided by the observational tool 

artifacts the teachers used to observe the lessons.  The observation tool was designed 

specifically to capture evidence of the practices, crosscutting concepts, and core ideas 

present in each lesson. The observation tool helped the teachers look at the lesson 

objectively, rather than the students had a great time; therefore, the lesson was fantastic. 

Mary notes in her observations of Lesson One, Light Allows Us to???, that the 

students answered questions about light on their worksheets She writes, “The student 

concluded the lesson with answers of ‘we learned that when the light is on we can see. 

When it is completely dark we cannot see the tools, but when the lights are on we can.”177 
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She reflected on how that is proof of the evidence statements and therefore, she 

concluded that the students are developing the concept. 

During the second lesson, Suzie took extensive notes about what the students did 

during the activity in addition to her use of the observational tool.  She marked down that 

the activity used, asking question, using models, and evaluating and communicating for 

the practices.  Suzie also check marked defining problems, but she does not check off 

planning and carrying out investigations.  Yet she references in the “describe student 

activities” section, “make a plan on a piece of paper then execute it.”156 She mentions that 

there were “good discussions about how the objects helped us to see in the box” 157 and 

notes for the next group, a change should occur in the lesson for improvement. She 

recommended telling the students one of the constraints was that they can only use the 

tools to open the box, not ripping the hole open bigger with their hands.158   

Amy made comments on her observation sheet about the fourth lesson, such as 

“choose a design and build,” and “test it!” 58 The fourth lesson was the engineering lesson 

and focused on skills that will help students reach the performance expectations, 1-PS4-4. 

Use tools and materials to design and build a device that uses light or sound to solve the 

problem of communicating over a distance. Amy check marked off that the lesson was 

using structure and function, a crosscutting concept.  She noted that the students were 

defining problems, developing, and using models, planning investigations, constructing 

explanations, and engaging in arguments. The core idea for the lesson allowed the 

students to choose the light source they wanted to use. This was the use of a core idea, 

that light helps us see. Suzie noted in her observation of the same lesson that a student 

states, “Two flashlights, so it is double the light, we can see better.”59 This showed 
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evidence that the students were understanding that more light would be more effective. 

Suzie noting that student’s phrasing shows evidence that she was thinking about the 

lesson in terms of its three-dimensional aspects.  

The researcher’s review of the lessons, using the same observational tool, showed 

that the teachers could implement three-dimensional lessons.  The researcher specifically 

noted the questioning the teachers did of the students and how that helped the teachers 

identify what the students might be grasping form the lesson.  Lesson 1, Light Helps Us 

To????, worked towards the performance expectation, 1-PS4-2, make observations to 

construct and evidence based account that objects in darkness can be seen only when 

illuminated.  The students showed evidence of understanding the evidence statement, 

students make observations firsthand to serve as the basis for evidence that the 

appearance of objects in space with light, when student answers were “light allows us to 

see,” “light were off in the basement we couldn’t see,” and “the windows allowed us to 

see a little bit in the classroom.”203 and the reasoning statement, the presence of light in a 

space causes objects to be able to be seen in that space. The students could articulate the 

phenomena that when an object in the dark is lit (ex. turning on the lights) it can be seen. 

The researcher also checked off cause and effect, as the students could relate the reason 

for being able to partially see in the classroom, and not the basement, was that there was 

light coming from the classroom window.203 

In reviewing, Lesson 2, Light Illuminates, uses 1-PS4-2, make observations to 

construct and evidence based account that objects in darkness can be seen only when 

illuminated. The researcher noted the students were planning and carrying out 

investigations, as a scientific practice rather than an engineering piece. The crosscutting 
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concept was cause and effect, as was evident by needing light to see into the box. The 

evidence statements marked were the appearance of an object with no light and 

appearance of an object with light. Additionally, under reasoning, that objects cannot be 

see if there is no light to illuminate them, but the same object in the same space can be 

seen if a light source is introduced. The student evidence from the recorded lessons, 

showed that responses to questions contained answers, such as “we use the little 

flashlight cause it was brighter than the big one” (small flashlight was LED), “Our 

science mind said that it was a good spot” (referring to where to put a hole to see into the 

box), and “when it (light) hits something, it bounces back into your eye, so you can see 

the light.”204 The students unanimously concluded that without the flashlight into the box 

you would not have been able to see.  

Lesson 3, Effectiveness of Light, had no participant review that was turned in to 

the researcher. This lesson focused on 1-PS4-2, Make observations to construct an 

evidence based account that objects in darkness can be seen only when illuminated. Only 

the researcher’s review of the presented lessons can be submitted as evidence. The 

observations noted that the lesson used cause and effect.  The researcher also checks off, 

structure and function, since the students are explaining the difference between the 

different light sources.  The researcher has marked that the students can articulate a 

statement that relates the given phenomena that when an object is lit it can be seen and 

students use evidence and reasoning to construct an evidence-based account. The student 

reflection sheet has a space for a drawing of what the student saw and sentence starters, I 

saw _____ because _______, for each light source. On the back, it asked the students to 

complete a sentence about what they learned.  The evidence from the student discourse 
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showed that the students discussed that “the flashlight was more effective,” “that the 

candle was barely enough,” and “the flashlight has more light.” This clearly showed the 

student grasped that objects are not seen in a space with no light and they are seen in a 

space with light.  An interesting piece of evidence came from a young girl thinking about 

what she had learned, she says “I was just thinking about it and the flashlight is the only 

one that was bright to see.” 205 Even though there were not additional peer observations 

turned in for this lesson. There is evidence to support that the lesson was three-

dimensional. 

Lesson 4, Communicate with Light, was the engineering lesson in the group and 

works specifically on 1-PS4-4, Use tools and materials to design and build a device that 

uses light or sound to solve the problem of communicating over a distance. The students 

were told a story of some miners stuck in a Chilean mine.  The miners had to 

communicate over several days to let rescuers know what they needed. The problem the 

students were given was to communicate from 30 feet down in a mine.  The students had 

constraints and could only use five materials from many that were available. The students 

had to design individually, work on a group plan from the individual plans, build their 

device, and then redesign the device after shared discussion time with peers. The 

researcher’s review and observation of the lesson showed that the evidence statements 

were achieved.  The students could generate design solutions and explain the scientific 

information behind their design, created a device able to send information with light, 

used only the materials provided, and provided a solution to communication with light. 

The researcher also checked off, structure and function, as well as developing models, 

planning and carrying out investigations, designing solutions, and engaging in arguments 
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from evidence, as was seen in their going from individual plans to group plans.206 The 

students’ discussions help show evidence of understanding if they met the evidence 

statements. Kori asks, “How did your light help you in this project?” The student 

responded, “If you had a piece of paper, you could sign it over the words.” Another 

member of the same group says, “We held up the flashlight and put the letters over it and 

we helped us get out.” Another student responds to the question, “what are you going to 

do with that?” by answering, “I’m going to use it to write on stuff with it and then I’m 

going to shine that on the piece of foil that will get it up to the surface and help us.207 

This was evidence that the students used only what was provided and that the device 

could use light to communicate.  

Thumbs Up/Down 

Another theme in this research was Thumbs Up/Down. This theme had two main 

categories Lesson Study Supports and Lesson Study Challenges. The categories Lesson 

Study Supports contained codes for peer discourse, collaboration, bouncing ideas, 

reminder to do 3D, using data to determine understanding, struggle without others, 

helpful in meeting standards, set time to learn, thinking about why, needing others 

(subcode: help), and lastly lesson taught multiple times (subcodes: determining groups, 

timing of lessons, determining how many times). The Lesson Study Challenges category 

contained teacher absent, challenging, lots of work (subcode: too many lessons), and lots 

of time.  

Individually each teacher noted that the lesson study was helpful in many ways. 

Lesson Study Support evidence can be found in Amy’s comments during the second 

interview when she felt that lesson study had required her to look “outside the box,” and 
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that without the lesson study she would not have been able to bounce ideas of other 

members.60  She expressed that by building the research lessons with a group of people 

made the lessons more diverse and of higher quality.61  In her final interview she states, in 

relation to the lesson study process, “ It just, to me, helped me to become a better teacher 

through seeing how my peers teacher and the ideas that they had.” 62  In that same 

interview she comments that, “I really liked it!”63  In general, Amy liked being a part of 

the group.  She states in her final reflection, “This project has allowed me to really dive 

into the how, what, and why of a lesson. Now I am looking to ensure lessons are diverse 

and have layers of learning opportunities.  I am not so much focused on teacher 

instruction as I was before either.  I am more focused on how I can allow my students to 

explore a concept to build their own conclusions.” 180 

During Mary’s second interview, she reveals that the lesson study allowed her to 

talk to her colleagues and enjoyed talking through the lessons with them.  It allowed her 

to think about other areas of the curriculum and whether other lessons met the 

objectives.64  In her final interview, when asked about the lesson study process, Mary 

declares,  

I think it was great.  I think it was great in the sense where it really made you 

question why or what you were doing as a teacher and whether or not that got you 

to your end result.65 

This is additional evidence that Mary felt that the lesson study had supported their 

collaboration with their colleagues and helped them develop better lessons. She writes, “I 

am much more cautious in a ‘teacher only’ direction approach. I want students to come to 
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their own conclusions from the information given to them and redirect only when 

necessary. It’s made me think differently about my teaching approach. I’ve enjoyed the 

collaboration with my peers in looking into our lessons and ensuring they meet the NGSS 

standards.” 181 Mary was not only enjoying the process of the lesson study, but shows 

evidence of reflecting on her own teaching practice.  

Kori references the multiple times the group got to teach the lessons as a great 

thing. She writes,  

We were lucky to do each of our lesson three times. There were four lessons in 

our unit. I do not think there was one lesson that stayed the same as the original, 

by the third time we taught it. We continued to change the lesson to make them 

better for each group. We would realize that certain lesson would need more or 

less information. It also help for us to change our lessons to make sure the 

children were fully understanding what we were trying to teach. 182 

While others mentioned doing the lessons several times, made the lesson study difficult at 

times, Kori had determined that multiple opportunities to teach a lesson could create a 

better overall lesson. Kori also reflects on working with “three wonderful teachers” and 

the researcher.183 Kori writes in a reflection towards the end of the study, “I could have 

not got through this without the group.” She later writes that, “we were lucky enough to 

meet each week for about an hour to discuss our ideas, come up with the lessons together, 

sit in on each other’s lessons, and discuss our lessons after.”66 She reflects that if she was 

struggling with understanding something about a lesson she had other members of the 

group she could turn to for help.67  
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 Suzie also enjoyed the lesson study process. She writes “This professional 

learning experience was a great experience.” 185  In Suzie’s reflection journal, she writes 

that the lesson study group changed their instruction as they taught different groups of 

students and that she felt this was beneficial,68 as they could monitor student progress and 

adapt.69 Suzie reports that the multiple teaching of the lessons helped them change their 

instructional practices so that the students were successful.184 

The evidence presented shows that the lesson study process offers teachers 

needed support to help improve instruction. As Mary notes in her final refection about the 

lesson study, “This project has influenced my thinking about everyday teaching practices 

by developing a more collaborative approach to lesson planning and cause me to reflect 

on how my students’ prove they are learning.” 70 In reflections and during interviews the 

teachers mentioned their overall enjoyment of the lesson study process. 

The lesson study also had challenges and in the final interviews each participant 

referenced how much work it was to create four high-quality three-dimensional lessons. 

Amy found it difficult to meet in the mornings.73 In her reflection she mentions that the 

experience was hard at times.187 She admits she does not fully understand the NGSS and 

three-dimensional learning, but she has a better grasp than before.188 Mary states, “it was 

tedious at times and time consuming.”72  Kori notes, “At times I didn’t want to do it 

anymore”71  Kori reflects that it is good to know you’re not alone and “not the only one 

struggling at times through my lessons.”189 Kori, being from a different state and also her 

first year teaching, states that the experience is her first time using three-dimensional 

learning. She says, “I also had a difficult time making sure they (3D) were not just a 

small part of my lesson but making sure my lesson would not stand without that part.190 
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Suzie felt that at times, “it’s a little bit frustrating, and its’ hard to do things that you’re 

not familiar with,”74 as she references her thoughts on the lesson study process. She 

references in her journal that it was frustrating for that the researcher/mentor made them 

work and find their own solutions.186   

For this theme, Thumbs Up/Down, there was evidence that relates the individual 

participants’ thoughts to the lesson study ensemble’s interactions in a positive manner. 

All the participants enjoyed the lesson study and the time to collaborate and at other 

times the participants struggled.  

NGSS Thinking 

The theme NGSS Thinking assisted in determining if there was evidence to 

answer the research question on the purpose of the NGSS performance expectations on 

student learning in science. There were three main categories for this theme, Focus on 

Evidence, NGSS Guidance, and Science Pedagogy. The category Focus on Evidence 

contained codes for Teachers Using Data (subcodes – data is an explanation, reflecting on 

data, questioning, observations, data recording, student modeling, thinking about 

evidence, and misconceptions), Student Conclusions (subcodes – argumentations, student 

reflects, written explanations, oral explanations, group work, observations, applying 

knowledge, discourse, and worksheets as evidence), and lastly Building Concepts 

(subcodes – verbal explanations, drawing/writing, and model building). The category 

NGSS Guidance had codes that focused on the teachers’ thinking about the practical 

pieces of the NGSS.  Codes for NGSS as Standards (subcodes -making sure standards are 

present and well-rounded lesson), Using Evidence Statements (subcode-thoughts on 

evidence statements), and Three Dimensions.  The code for Three Dimensions included a 
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large amount of subcodes related to the teachers’ thoughts, either as a group or 

independently, that were present in interviews, documents, and discussions about what 

the three-dimensions. The subcodes in this code segment included 3D is: “different 

aspects,” “discourse,”  “cause and effect,” “solving problems,” “working together,” 

“revisions,” “structure and function,” “patterns,” “explanations,” “investigation,” 

“reasoning,” “learning differently,” “producing things,” “depth,” “opportunities to learn,” 

“compare and contrast,” “different tools,” “different areas,” “building,” “explaining in 

different ways,” “everything,” “writing,” “hands on,” “focusing,” “students figuring 

things out,” “facilitation,” “organization,” and “what it’s not.” The last category for 

NGSS Thinking is Science Pedagogy.  This category included codes that reflected what 

was important for the teacher’s science teaching and their actual actions during the 

teaching of the lessons. The codes include “growth,” “what science is not,” “teacher 

driven” (subcodes-teacher role, facilitator, telling students what to do, helping to 

understand, student waiting for teacher to give answer, teacher solves problem for 

student, gaining student engagement, guiding students, and teacher prompting), “student 

learning,” “desire for different method in science,” “textbooks are negative,” 

“discouraged at current science understanding,” “hands-on,” “play it by ear,” 

“technology,” “entertainment,” “students don’t want to see teacher talk,” “using informal 

student understanding,” “developing conceptual understanding” (subcode – defending 

choice, asking questions, shaping learning), “theme teaching,” “future learning” 

(subcode-discussing with students), “student led” (subcodes- considering student 

thinking, students determine, students discuss use of tool, students express continuation, 

student engagement, student observations, student exploration, student questions),  
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“assessment” (subcodes-Ah moment, conclusions, writing, discourse, drawing, 

misconceptions, and questioning of students), and lastly “Common Core Standards.” 

The teachers displayed evidence of NGSS Thinking on an individual level 

through their interviews, individual discussions, and reflections.  An initial piece of 

evidence came from Lesson 1, Light Allows Us To? Amy reflected in her journal after 

the last teaching of the lesson. The teachers had run out of time and were not able to have 

the students write down on their student worksheets. The worksheets were really 

reflections and asked questions about what light allows us (the students) to do. The 

worksheets were to be filled out after the activity of taking the students to the basement 

of the school, where the students experienced total darkness. Amy writes, “I think we still 

collected the same data, just not in written form, which is OK.”162 Amy was showing 

evidence that using data from writing, and conversations, helped to determine if the 

students understood the concepts. Amy also mentioned in her reflection that she believes 

the students “understand that light allows us to see, and lack of light makes it so that we 

cannot see at all, or as good with light.”162 She was specific rather than just saying they 

understand.  She referenced exactly what she thinks they understand based on the 

questions the teachers asked the students.  

Additional data was collected in a conversation about Lesson 3, Effectiveness of 

Light.  This lesson had students trying out several light sources to see which one was the 

best at seeing a glitter letter from across the room. Amy was discussing her lesson with 

the researcher/mentor about her lesson. Amy was reviewing Lesson 3, Effectiveness of 

Light, before the group taught it. She was struggling to determine if the lesson needed 
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additional teacher provided information. She wondered whether the students could make 

a prediction from previous evidence. Amy states,  

They should have the background knowledge from when we did the activity in the 

room where we were in the classroom and we turned the lights off (Lesson 1).  

Even with the lights off, we could still see because the light was coming through 

the window. I would hope that they would pull that background knowledge into 

this question when we’re thinking about, “If we did this in the classroom, what 

would we notice?” I would hope they would notice that the light doesn’t seem as 

bright or didn’t seem to carry as far because it was already light in the…. I don’t 

know.79 

Even though Amy is unsure about her thoughts, there was evidence that she considered 

how the lessons all work together cohesively, helping the students to make informed 

decisions based on their previous experience.  

Mary noted from the beginning that she felt if a teacher reflects on student 

understanding they can tell if there is just a surface knowledge. She referenced that by 

looking at what a student produces, whether written, verbal, or a picture, you can tell if 

the student has a deeper understanding.80 She expanded on her NGSS Thinking, Focus on 

Evidence, in her final interview where she referenced Lesson 2.  This lesson was called 

Light Illuminated and had students trying to get into a closed box that they were not 

allowed to open in the usual way.  The students had to use tools to get into the box and 

allow light to enter. The experience helped the students understand that without light an 

object cannot be seen. It inadvertently brought up the concept of light traveling in a 
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straight line. A group of intelligent boys struggled. Most of the students eventually 

discovered that if the holes were directly opposite where the object (a picture) was 

placed, they could see the picture.  These boys wanted to make their hole in the top 

corner near the picture.  They could not see the picture. Mary states, “We could tell right 

away by the way the students were performing whether they understood the concept.”81 

Mary was focused on the evidence provided by the students, even if the students were not 

successful in their attempts.  

An interview with Suzie provided evidence of her thoughts on how she monitors 

student understanding. This was a question from her last interview. She feels, “I do it 

more in steps whereas before, my science lessons, like I said, it was kind of just like, 

what do you think is going to happen. Let’s do it. What happened?”82 She continued as 

she explained how she tended to not think in units for science, just an activity and you 

move on to the next thing. She now claimed,  

To get down what I really want the kids to learn, how I am I going to go about 

doing it, and actually accessing them.  Did they actually learn what I wanted them 

to do? Before, I don’t think I had all of those in so much depth.”82  

This was a small change from a previous interview, where seven months earlier 

she states, “I definitely need to assess and see where they are and if I have to teach the 

same concept 2,3,4 times for them to get it, then that’s what I have to do but it changes 

from every lesson.”84  She mentioned assessing, but does not relate the assessment to the 

what she needs to know about the student learning taking place in her classroom.  
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When asked about evaluating lessons, during Kori’s first interview, she said, 

“we’re doing a lot of just discussions to understand where they are and then I can further 

their understanding if I need to, or I know exactly where they are so I know the next step 

to go.”85 In a later interview for Kori, she responded with an example from a lesson the 

group taught. Kori stated, 

If they can tell me about the lesson later on, so if they can explain and things after 

the lesson. Like for example, for the light we were playing with mirrors and 

mirrors in our classroom and we’d been doing our lessons on light.  My children 

were noticing the mirror was making light on our ceiling, and so there were 

going… Look Ms Kori… They were manipulating this mirror to make light 

everywhere in our classroom, A week later, another child said…Oh look what I 

can do…. That’s showing me understanding.86 

Kori was refining her vision for how she finds evidence for student learning. In her final 

interview.  She said, “If they can explain the parts to me, what they do, why they build it 

that way, just asking a lot of questions that way and that they can fully explain that it’s 

not just one answer…. because I like the color.” 87    She showed evidence that she was 

beginning to understand that student learning should focus on what the students can say 

and do. She was showing evidence of her increasing ability to practice metacognitive 

thinking in relation to her classroom.  

The teachers showed evidence of NGSS Thinking when they explained their 

understanding of the evidence statements. The use of the evidence statements falls under 

the category NGSS Guidance. Amy stated in her second interview,  
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Our evidence statement is where we want the lesson to wrap up to and where 

looking for those evidence statements…so we want that to be the end result. 

We’re doing all of these activities during the lesson so that they’re able to give us 

an evidence statement at the end, or during if they come to that conclusion, during 

the lesson88 

In Amy’s final interview, she struggled with using the term “evidence statements,” yet 

she still managed to describe what she is looking for to determine if the performance 

expectations have been met.  

I’m looking for any time, for kids to formulate their own statements or ideas 

about the lesson instead of me giving it to them, instead of me telling them, 

“Here’s what you are going to learn today.” Getting them opportunities for them 

to explore some things and then come up with their own statements about what 

they learned. I’m also looking for them to not just describe to me what they 

learning in one way. Maybe they show me through a model or maybe they show 

me though a picture.  Maybe they show me through writing.  I don’t want just one 

way. I want to give them numerous ways for them to explain it to me. I also like 

giving them opportunities to defend why they think what the thing and not only 

defending it to me but defending it to, or arguing or whatever it comes to, or just 

explaining to not just me but to their classmates and to their peers that might not 

be in their class but in other grades.89 

The performance expectations and the complementary evidence statements are designed 

to interpret student understanding by giving examples of what the students can say and do 
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at the end of instruction (Achieve, 2015). Amy shows evidence of this understanding 

even if she does not use the correct terminology.  

During Mary’s second interview she explained her understanding of the evidence 

statements. Her use of the correct terminology helped to define what she knows in 

relation to the evidence statements. Mary stated,  

The evidence statements help us to know at the end, or throughout the process, 

even, while they’re working (students), we might hear them use words like, “we 

need to use this because light reflects this way,” or “we need to use this because 

light…” Whatever it is that we’re wanting them to get to at the end, we need to 

hear them stay that, or we need to see them write it, or we need to see them do 

that. That helps us to show that they’ve met the objective.90 

In her final interview when asked how she might develop and evaluate a three-

dimensional lesson, Mary stated,  

We could tell they were learning because of…Does it meet the performance 

expectations? Do we have the evidence statements? Are they saying the things 

that we need them to say in order to show that they’d met the core idea? Say or 

write, either on.”91  

Mary only focused on the core ideas in her statement, yet there was evidence that she 

understood how the performance expectations and the evidence statements are used in the 

NGSS.  

During Kori’s second interview, she was asked how the lessons were evaluated.  

She references, “We evaluate it by asking the kids at the end of lessons certain question 
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to make sure that they are understanding. We reflect on their answers.”92 Kori does not 

use the words evidence statements, but has some basic understanding that reflecting on 

students answers to questions can help determine student learning, help her determine 

their level of metacognition. Do the students understand their own thinking? During her 

final interview, she expressed confusion when the researcher specifically asked about her 

understanding of the performance expectations, even though she had a copy of her first 

and last lesson in front of her for reference.93 Additional evidence was found in Kori’s 

final reflection, “I have learned to ask more open-ended question and let the children 

come to their own conclusions.”201  This evidence showed that she was looking at  how 

students can tell her what they know and can do. She has a better understanding of how 

students think about their own learning; students that can explain their thinking have a 

better conceptual understanding.  

When Suzie, in her first interview, was asked about how she evaluates her science 

lessons; she said that she asks them questions, “Tell me what you thought about this? 

What’s something that you didn’t know before?”94 During Suzie’s final interview, the 

researcher asked how her science teaching had changed.  Suzie referenced the 

performance expectations in her answer. She states, 

I’m actually looking at setting the lesson plans up differently so that they get the 

performance expectations and the practices, and the cross-cutting concepts not 

only in my classroom, but just so they can continue on when they go to third 

grade, fourth grade, because I think that’s really important.95 
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Suzie was referencing the pieces of the NGSS and using the terminology; however, the 

evidence is not clear as to her understanding of the performance expectations, the 

practices, and cross-cutting concepts.  

Another area to consider when looking at NGSS Thinking was the codes under 

Three-Dimensions. Three-Dimensions reflects the teachers’ explanations of three-

dimensional learning rather than its implementation in the classroom.  This category 

focused on the research question about the influence of the lesson study on the purpose of 

the NGSS. As stated, Three-Dimensions contained multiple codes, each aligning with 

what a teacher referenced in a discussion, interview, or reflection as to what is three-

dimensional learning.   

Amy, Kori, and Mary all described three-dimensional (3D) as different aspect,96 

discourse,97 and cause and effect.98  Mary in her final interview felt that 3D was 

facilitation,99 figuring things out,100 and focusing.101  Amy included in many of her 

conversations that 3D is students learning differently,102 producing things,103 

opportunities to learn,104 patterns,105 using different tools,106 working together,107 made 

hands on learning better,108 reasoning,109 focusing on different areas,110 building,111 and 

depth.112 Kori felt that 3D is writing,113 and “its everything.”114 Kori and Mary noticed 

that 3D included structure and function.115 Both Amy and Kori reference in their 

interviews that 3D as learning in different modalities.116 Amy, Suzie, and Mary believed 

that 3D is problem solving117. Amy and Mary explained in their interviews that 3D was 

revisions.118 Suzie and Amy classified it during a discussion about whether a lesson 

meets the EqUIP rubric, as investigations.119 None of these descriptions are wrong. In 

fact, it is evidence that the participants are thinking about science learning in a more 
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NGSS way.  The vocabulary the teachers used for the three-dimensions is evidence that 

the teachers are formulating a bridge, from what they know to what they are trying to 

understand. As the teachers moved towards the final phase of the lesson study, their 

thoughts became more clearly defined as to what the three-dimensions meant.  

During the final interview, Amy stated that the three dimensions involved, 

“building a model, conducting and investigating” and “defending their ideas and using 

cause and effect.”120 She also expressed that it is a better way to teach a science lesson.121  

The vocabulary definitions, of the three dimensions, are not clear for Amy. However, her 

NGSS Thinking was evident. When Amy was asked if she could describe what the NGSS 

and 3D learning is all about to another person, she states, 

I would tell them three-dimensional learning to me means having a lesson that, 

this is going to sound silly, but a really meaty lesson. A lesson that isn’t just 

scraping the surface but it’s going down into the depths of the concept that we’re 

teaching. It’s not going to be a quick lesson. It’s going to be a lesson where 

they’re maybe doing an activity. From that activity, they’re taking those ideas and 

they’re making a model or they’re making a design. They’re testing something. 

It’s just like a meaty, in depth teaching of a concept, instead of just scraping the 

surface like I find a lot of lessons to be.198 

Amy continued later in the final interview to give an accounting of a lesson, she adapted 

to make it more three-dimensional. Her lesson was on day and night, which would relate 

to NGSS 1-ESS1-1. She says, 
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Let me think for a second about ... We did a lesson the other day where we were 

trying to discover why it's day and why it's night. What makes day and what 

makes night. We started out the lesson by just talking about what day and night, 

what we know about day and what we know about night. The things that we can 

see. We started with some prior knowledge. We moved to an activity where we 

replicated the earth. I gave them different parts on the earth. One side was Nevada 

and the other side was China, one side was Australia. We had a sun. Someone 

acted as the sun. The earth moved in a circle. They got to see that when it was day 

time in Nevada over on the other side it was night time in China. We were acting 

it out. We saw that our sun didn't move at all. I really wanted to express to them 

without expressing to them that the sun stays still while we move. I could tell that 

they had learned that through, after we were done with that I said, "Now I want 

you to go write in your journals why we have day and why we have night." 

Through their pictures and through their language I could tell that they understood 

that we have day and night because the earth is spinning. When it's spinning one 

side is facing the sun, one side is not. It also let me clear up some misconceptions 

because some of the kids were still thinking that the sun was moving around us. 

We'd stayed still. I could tell through their pictures because one kid drew a sun 

and arrows showing the sun going around the earth. After through doing our 

activity then taking it to a spot where they could explain to me what they had 

learned from that I was able to tell what they had learned and what we needed to 

go back and further explore.199 
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This is an activity that a primary teacher might do if they enjoyed science. However, 

Amy followed this lesson with a lesson on perspective of the night sky.  Amy put a hand 

drawn picture of the Big Dipper in the center of the ceiling and had the students walk 

around it to see how their perspective changed. They drew each of four pictures of what 

the Big Dipper looked like from each corner of the room. Amy’s connection of the first 

lesson, the different positions of the sun and that the earth moves, and the second lesson, 

night sky perspective, exhibits Amy using her lessons to help the students reach the 

performance expectations 1-ESS1-1, Use observations of the sun, moon, and stars to 

describe patterns that can be predicted. She showed evidence of NGSS Thinking, as well 

as 3D Implementation.  

Mary showed evidence of NGSS Thinking during a discussion about what the 

three-dimensions are to her. Mary used the three dimensions in her explanation during 

her final interview.  She stated,  

I think it’s ensuring that you are covering all three of the areas. You’re covering 

your science and engineering practices, your performance expectations, cross 

cutting concepts and core ideas. That’s more than three, but making sure that all 

of those things are covered when you are developing your lessons. That’s all good 

to develop a lesson of light, but you have to make sure that you have those 

components inside of it for it to be a legitimate lesson.”122  

Probing further by the researcher reveaeds evidence that she is getting an idea of 

the purpose behind the performance expectations. Mary answers the question about, what 

would an NGSS lesson look like in your classroom. Mary stated, 
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“What I would say again, going to the disciplinary core ideas, which ones we 

have not been able to teach this year? Then coming up with maybe another theme 

for two or three lessons to see if we can meet those core ideas. Then developing 

lessons, two or three different lessons that have to do with the performance 

expectations, science engineering, and the crosscutting concepts.  I think what that 

would look like is making sure it’s’ a hands-on driven lesson that covers all of 

those areas.  We could tell they were learning because of….did they meet the 

performance expectations.”197 

Mary displayed not only the vocabulary, but in addition she was beginning to see the 

connections between the three-dimensions and the performance expectations. Mary also 

seemed to connect where the evidence statements fit into the picture. “Do we have 

evidence statements? Are they saying the things that we need them to say in order to 

show that they’ve met the core idea? Say or write, either one.”197  

Kori was not confident in her understanding of the three dimensions.  She 

mentioned, in her final interview, that she had no idea for the longest time what the three-

dimensions meant and still does not exactly know.123 Although, when she reviewed her 

final lesson, and was asked about how the dimensions and the expectations relate, she 

responded, 

We tried to make sure that all our lessons had ... We couldn't do our lesson 

without those three things and I think this lesson does a really good job of that 

because they use their crosscutting. They had to make sure that what they made 

actually was related to that function which was to help them communicate with 
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light so they figured that one out. Displaying core ideas, object could be seen if 

light ... They were the ones that were stuck underground and they had used the 

light to illuminate so that they others can see them and also some of them were 

super cool. They took that core idea beyond what we had thought and they had 

different pieces of paper and they had shined the light through it or sticking paper 

in front of it and then the light would go out. They kind of ran with that display of 

core idea for sure which wasn't really what we thought they would do. Science, 

engineering practice, well that one is almost the same as the before expectation so 

that one was easy. That's what we based everything about.200 

With the scaffolding of having her final lesson in her hand, she was better able to express 

her ideas about the three-dimensions and the relationship to the performance 

expectations. The evidence showed that she does not have a clear picture, but tried to 

bridge the new vocabulary to what she understood. Additional evidence that Kori was 

building on her NGSS Thinking showed up during a revision of on Lesson 4. The group 

had refined the idea of the students revising their devises to a point where Kori stated, 

We decided at the end of it, kind of as a follow up to what we were going to do. 

We had talked about like an hour and a half so they could redesign so what we 

decided instead to kind of solve that issue is that we would take each group for 

like 30-35 minutes and have them do their one. Then as a class, get back with 

your classes, we're thinking of doing this Monday and Wednesday afternoon and 

then Thursday afternoon all three classes will meet together to redesign. So, 

Thursday morning in the classroom, have a classroom discussion saying what did 

you guys come up with?  Because second grade doesn't always hear all of second 
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grade because you're in your small groups. Then they can talk about the different 

groups so even if the three groups all are doing something the same, you at least 

get three options to solve that issue. When we redesign it they can go, "Oh, this 

group had this idea, what do you think?" I think that solves that issue with a large 

group discussion with your classroom.126 

She has developed a deeper understanding of why student discourse and revisions are 

often a part of an NGSS three-dimensional lesson. Kori’s statements were evidence of her 

adapted thinking that students talking, about their devices, with different students might 

spark new thoughts and ideas.  

Suzie showed evidence of having some of the vocabulary, as well as knowledge 

of the resources available for the NGSS. During her last interview, when asked how she 

would design a three-dimensional lesson, she responded that “the books are a super 

guideline” and later, “That actually gave us choices of the expectations and crosscutting 

concepts and we actual had to see, what we were trying to teach this, where does it fit 

in?” 124 She showed evidence that she knows where to find the information she might 

need in the future. Suzie has some of the vocabulary; however, does not show evidence 

that she understands what it means for the three dimensions, or its relation to the 

performance expectations. In her final interview, when asked what has changed in her 

instruction, she responded that she does it in steps. “I think this one actually, with our 

lesson plan that we did, as far as having the steps, I think it really helps me to organize. I 

think three-dimensional learning is more for me, an organization.”82 Suzie showed 

evidence that her change in thinking is that the NGSS, and three-dimensional learning, 

was about organizing science lessons.  
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All the teachers showed evidence of change to their NGSS Thinking. The data 

supported that the participants were assessing what the students are thinking, and how 

students apply that thinking. The evidence was not as strong in relation to their ability to 

use the terminology of the NGSS, or in their understanding of the purpose of the 

performance expectations. 

The final category within NGSS Thinking is Science Pedagogy. All the teachers 

shared during the opening interviews that science teaching should be hands on. Amy 

states,  

I think children should learn science through inquiry, and through group work, 

and though a hands-on way in which they’re manipulating things and building 

things to answer a certain question, or learn more about a certain topic.  I think the 

days of reading from a textbook and answering questions in the back are gone.  

As they should be (laughter).127 

Amy was in the pilot study and had been working with the researcher for a couple of 

years on improving her science teaching in her classroom. 

Kori was more succinct when she states, “Through hands on activities and things 

that they have interest in.”128 She also looks for things that fit the theme the students are 

studying.129 Mary also supports hands-on learning and says “The students would be doing 

hands-on activities that focused around a question. Sometimes they can generate those 

questions when they’re doing it or sometimes maybe teacher generated question.”130 She 

shared that there should be investigations by the student.131 Suzie stated, “Mostly hands 
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on and kids actually working in groups, I think.”132 “Definitely, not lecturing” she 

added.133 

All the teachers displayed a hands-on, activity-oriented, mindset from the 

beginning and continued to exhibit this thinking throughout their presentations.  

However, there was some evidence to show that their focus changed from discreet 

activities to a more integrated approach that lessons build on each other. Additionally, the 

participants showed evidence of considering what questions they ask students, helping 

the students understand there is no right answer when making predictions.  

During an exchange the teachers have during the teaching of Lesson 3, 

Effectiveness of Light. Amy had just asked the class about the predictions they had made 

before starting their investigation, which tool would be the most effective at helping to 

see the picture.  She asks for a ‘thumbs up or thumbs down’ indicator. Amy asked Suzie, 

“Is it okay to have a ‘thumbs down’?” referencing whether the student’s prediction turned 

out to be accurate.  Suzie responded to Amy, and the class, “Absolutely, because 

sometimes our guesses or predictions aren’t right, is that okay to not be right? Absolutely, 

because that means we’re learning, right?”134 Another instance occurred when Mary 

asked a student in Lesson 2, Light Illuminates, “What do you need?” The young girl 

responded “Maybe a bigger hole.” 135 Furthermore, Kori practiced questioning with a 

young student in Lesson 4; the engineering a communication device. She asked a student 

who was not sure their device was working, “How can you do that? What other material 

could you use? You have two more things. What else could you use so that they could see 

that?”136 As frequently occurred during most of the lessons, the teachers did not give the 

student’s the answers. The group let the students discover the answers.  
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However, there were sometimes when the teachers fell back into old habits, 

usually a time issue, and the teacher would takeover. The teacher would guide the 

students to an answer rather than the participants, more often used, discovery approach. 

An example of this is found in Lesson 3, Effectiveness of Light, during a conversation 

between Suzie and a student about the amount of light. Suzie was helping a student that 

does not have their light sentence completed. She asks, “Okay, so I saw nothing because 

the light was what? Was it a lot of light or not enough light?” The student said.“not 

enough.”137 Suzie guided the student to the answer rather than allowing time for 

discovery.  This occurred most frequently when the class session was ending.  

Overall, the teachers all started with the understanding that science teaching 

should be hands-on and activity-based.  The evidence showed that their pedagogical 

thoughts changed slightly from that method. There was some new thinking that added 

after the lesson study. The evidence points to most of the participants considered more 

integration of their science lessons, and a more investigatory pedagogy. During Amy’s 

final interview, she now believes,  

I think students should learn science through a lot of different ways. I don't think 

there's just one way to learn science. I think they should learn science through 

exploring and through building and through discussing and through some reading 

and through watching videos. I think there's just so many ways to learn science. 

All of them should include engaging the students, ways that fit them best. I teach 

first grade so I'm not going to be doing a whole bunch of textbook reading and 

writing about it. We're going to do a lot more modeling and creating and doing 

and then defending what we did.138 
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She has expanded her concept of what science teaching should look like to include the 

three-dimensional pieces, such as argumentation, modeling, and even using various 

resources, such as reading or videos, which in her first interview she did not see as 

valid.127  

Mary saw some growth as well. She brings in the three dimensions and that 

“children should learn science by hands-on learning activities aligned to the NGSS 

standards.”139 In Mary’s final reflection she writes, “I have learned so much about science 

being a ‘hands-on’ learning environment where the students drive their own learning with 

experimentation and question.”202 She showed evidence of grasping the use of 

questioning in the assessing of the NGSS. Her first interview showed that she had a focus 

on questions,23 but she was not relating those questions to the students driving their 

learning. 

Kori still focused on the students needing to have an interest. She has had some 

growth in her science thinking. She mentioned, “Hands on, they need to be engaged. 

They need to want to be involved in there. That’s why a lot of them are doing hands on 

things. Things that gives them an experience that they can then take away and apply it to 

other things in their lives.”140 In her previous interview, she does not mention that the 

experience can be applied in different ways.16   

Suzie did not show much change when asked the question about how students 

should learn science, instead she focused on what the new standards mean for her science 

teaching. She responded,  
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Well I have always believed, believed in hands on.  I think not so much what I 

learned about this is that it takes time. Sometimes as a teacher, I'm so focused in, 

"I want you to learn this. Here we're going to do it," boom, and we keep going. 

There's so much that we need to teach them, I think sometimes we go too fast. 

What I learned, the understanding that I came to is that it takes time. I mean, I 

might have to do a lesson just to get them prepared, just to motivate them and 

orient them. Here's a lesson, it took me an hour. The next time, so much I know 

that we did this in one lesson but I think I need to take more time because it is 

more time consuming with getting them to understand it. I know that is not what 

you want to hear.  

She continued, 

We're so focused on, with the testing, been so focused on math and language and 

writing that we need to incorporate it into the everyday things. Time, I think is my 

biggest thing, that it takes it more time. Probably because I'm not so familiar with 

it, like I am. 141 

Suzie’s interpretation of science teaching was that it should be hands-on, the same 

response she gave in her first interview.31 She noted that under the NGSS, science will 

take time to implement, and with the testing requirements, she implied that may be 

difficult.  

When analyzing the theme, NGSS Thinking some evidence can be found of 

changes in individual knowledge about the NGSS.  
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Lesson Management 

The final theme that should be addressed is Lesson Management. It was not a 

theme that really assisted in answering the research questions, yet it took up an enormous 

amount of time during the teacher discussions, yet there were only a few references to 

this theme from the teachers independent of group discussion. The categories for this 

them include, Logistics, Teacher Issues, and Project Requirements. Under the category, 

Logistics there are codes for Student Management, Modifications, Time Management, 

and Equipment.  The category of Teacher Issues included all the codes for any emotions 

the teachers had about the management, time, or just needing to do other tasks. The 

Project Requirements was a category reserved for discussion or references to the specific 

PD that started in the summer of 2015.  This category was used when there were 

conversations about how to format the final lesson plans, or uploading the Unit Plan.  

Student Management contained codes for “managing student groups,” “student 

emotions” (subcodes – silliness, excitement, sadness, biological need, pride, annoyance, 

and fear), “student response” (subcode – personal need, student chatter, unsure, and 

confusion).  The codes for Equipment were “teacher instructions” (subcodes – student 

understands instructions, explaining equipment, repeating, safety) and “equipment.” The 

equipment code was the teachers having to deal with finding, managing, and creating 

what they needed for the lessons.  

Student Management and Time Management were used countless times as the 

coding was processed.  Time Management included codes for “time considerations” and 

“lesson study time.” Modifications made codes were present when teachers made 
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modifications that did not relate to improving a lesson towards a more three-dimensional 

lesson.  Modifications Made contained codes for “time,” and “management.” 

Teacher Issues was a category that contained codes involving “teacher emotions” 

(subcode – finding student funny, reacting to something, teacher positives, thinking about 

why, watching students grow, and teacher excitement), “teacher agreement,” “teacher 

disagreement,” “teacher unsure,” “ teacher frustration” (subcode – computer failures, 

getting work done, time availability, lack of standardized assessments, lack of exposure 

to science, concern over explanation, prep work, and frustration with students), and lastly 

“teacher thoughts.” 

The theme Lesson Management was warranted because there were significant 

references during all meetings that simply worked on how the lesson would be managed. 

These codes and categories did not really reference the three dimensions, the NGSS, or 

science pedagogical understanding. Although there were not as many independent 

references to this theme, there were a few pieces of evidence that showed that lesson 

management was on the primary teacher’s mind.  

Lesson 1, Light Allows Us To???, the groups were taking longer than expected 

and the teachers were running into the end of the day.  Amy writes in her reflection 

journal, “We began running out of time today, so in our last group we just discussed the 

questions instead of wrote them down.” 160  

Mary notices in Lesson 4, Communicate with Light, that a group of students is 

taking longer than others, she says “Look at your items. Write real quick and draw me a 

picture of your device.”167 This is common in elementary classrooms to have slower 
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student groups; however, the evidence showed that these teachers did worry about time 

management. Suzie noted, during a revision of lesson one, that if the lesson reduces some 

student writing “So it should cut it down by a good 25 minutes.”167 Overall, Kori was the 

best at time management.  She would constantly call out the time left or explain that the 

students would only have a certain amount of time to work. “We’ll give you about 5 

minutes,”168 “You have one more minute,”169 and “Hey, we’ll give you about 5 more 

minutes to come up with your plan”170 echoed throughout the lessons she taught. She was 

good at encouraging students even though she was telling them to hurry, “I’m so excited 

to see this, you have one minute to finish your design.” 171 Time Management was always 

discussed throughout the lesson study, as was managing the students. 

Student Management, as would be expected in primary classrooms, occupied a lot 

of the teacher’s time as well. The teachers struggled to get group sizes that would work 

and not have so many groups that they could not accomplish the tasks in a reasonable 

amount of time. When they structured four groups of mixed grade level students, there 

was not enough time in the week to get the lessons taught to the four different groups.  

When the teachers dropped the groups to three, the groups were larger and it took more 

time to complete the tasks and cause more management issues. Amy reflects in her 

journal that, “Today we consolidated our three remaining groups into tow, in hopes to 

allow for a more appropriate timeframe.”163 She goes on to write that the change worked 

well, and that the larger groups were managed without difficulty.164 However, she still 

mentions later that the teachers ran out of time.  

Amy referenced the theme of Student Management when she noted that the 

children were very silly about being in the dark. “I was really frustrated today by the kids 
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making up what they saw in the basement when the lights were off. We even told the 

students beforehand that they were scientists and therefore should only record and discuss 

facts.” 172 Mary had similar evidence when she noted in her reflection that the students 

replied that they would see “ghosts, monsters, animals” in the dark. 173 

As one would expect, during class time, there were multiple corrections to 

behavior. “I need, if your body is not facing me, for you to turn around…Martin and 

Robert.. And face me, thank you” and a few seconds later “Robert, I’m waiting for you to 

turn around.” 174 were common types of discussions.  The teachers also frequently used 

statements such as, “we’re not talking Jenny, we’re just looking”175 and “what should still 

be in our cheeks?”175 (referring to bubbles, a method of having children stop talking, 

“bubbles should be in our cheeks)176 to keep students focused and quiet when needed. 

Similar types of student corrections can be found in all the lessons and while necessary 

parts of primary teacher, do not contain evidence of changing understanding for the 

teachers.  

The theme of Lesson Management contained these two types of references, 

frequently and while essential in making sure students were safe, other subjects were 

taught, and student break time was honored, were not the focus of this research. These 

types of interactions are teacher tasks and not evaluative as to the learning taking place 

for the participants (Ward and McCotter, 2004). 
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Cross-Case Analysis 

Lesson Study Ensemble 

The lesson study was comprised of Amy, Kori, Mary, and Suzie.  The researcher 

was a mentor that provided guidance on the lesson study process and content information 

on how to use the NGSS resources to assist in their lesson development. As the lesson 

study matured, there was less mentorship; however, because of the complex nature of the 

NGSS, there was scaffolding that continued throughout the study. This allowed 

productive learning to continue in all phases of the lesson study.  The researcher and the 

participants engaged in discourse to understand changes in their lessons (Appleton, 

2006). This was essential in establishing the participants grasp of three-dimensional 

learning and the performance expectations.  

The lesson study ensemble met almost weekly on Wednesday morning in the 

school’s conference room.  This room is located near the main office and was frequently 

visited by other teachers in the school. Many interruptions occurred during the group’s 

time together, however, it was the only large space that seemed to fit the need for 

discussion, drafting and redrafting, and was relatively comfortable.  Frequent 

interruptions aside, the teachers preferred the space to one of the primary rooms with 

small desks and chairs. 

The lesson study group has been analyzed for evidence of the themes so that it 

can be compared and analyzed to determine where changes for the teachers may have 

begun. The cross-case analysis compared the individual cases with the lesson study 

discussions to demonstrate the teachers co-constructed 3D lessons, developed NGSS 
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thinking, and solved management problems in the productive learning situation of lesson 

study.    

Cross Case Analysis of 3D Implementation 

The teachers were early in the lesson study and in the conference room and 

discussing possible driving questions so that they could create a cohesive unit.  The 

researcher took a few moments to mentor the teachers and help bridge the understanding 

of a driving question, by referring to an assessment book on the NGSS. Turning to a 

middle school unit, “How does your body work?” for a visualization of a driving 

question.  The teachers built upon each other’s thoughts, co-constructed the knowledge. 

The teachers were considering the student’s ability levels and modifications needed to a 

previous idea they had during the regional PD. They had been required to create a unit 

plan title, which would be worked on during the school year. The teachers worked on the 

unit plan and the accompanying lessons in the lesson study.  They refer to this in their 

discussion.  

Amy: How do I see the world around me? Or something, I don’t know 

Mary: Yeah 

Kori: Didn’t we say that…. 

Mary: Was that our unit thing? 

Suzie: How does light and sound affect society? 

Amy: Affect society, yeah.  Society’s kind of a big word for the little guys 

Kori: Don’t know 

Suzie: We can just say them…How does light affect me? 

Amy: How does light affect me? (affirmatives)  
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Mary: That works 

Amy: Yeah55 

The teachers are attempting to get an overall theme for their unit, something that is now 

termed “engaging in a storyline” (Achieve, 2016). The researcher questioned the group 

about their thinking in regards to affect. The teachers responded with their thinking about 

the ability level of their students. The evidence presented shows their reflective 

consideration about what the students know and how they can find out. 

Amy: Our first grade could know about that  

Mary: I think so… 

Suzie: We’re not going to say how does light affect, we usually explain it, right? 

Amy: Yeah 

Suzie: What can you see if there is no light, so they get the gist of it 

Kori: I think they would get it. I think it was a good choice to change society to 

me, to make it more understandable. 

Amy: Yeah, society they wouldn’t get. We’re still working on what is a 

community. They don’t even get that. 

Kori: We’re just trying, what are other people? 

Mary: This is your bubble, okay. This is someone else’s bubble. You can’t go in 

their bubble. Personal space… (laughter)56 

The following meeting the teachers wanted to design some probing questions to get a 

picture of what the students knew. The researcher had supplied the book formative 
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assessments to help them visualize a good probe assessment (Keeley, 2015). The teachers 

were wondering what the students already knew.  

Amy: It would be interesting to see what they think light is. 

Kori: I think we could get a lot of suns. 

Amy: Probably, or like a light bulb 

Kori: I could see a lot of light bulbs. 

Suzie: Mine would say, we usually like to turn it off and on to get our attention. 

(laughter) 

Kori: Yeah 

Suzie: Which is true 

Kori: What if we had them draw a picture and then ask them how do we use 

light? 

Amy: Yeah… Perfect! I think right there, that kind of covers like our 

whole….unit because we’re talking about what light is, where light comes from, 

and then how we can use it.  

Kori: Yea that helps us.  

Suzie: Then we can kind of see what they know57 

The group is showing evidence of planning, monitoring, controlling and 

evaluating their line of questioning. This evidence suggested that the teachers were 

improving their metacognitive thinking to understand how their questions might solicit 

answers that would help probe the student understanding. The following meeting the 

teachers had done their probing questions and were discussing the results to determine 

what the students currently knew. The focus of their chosen performance expectations 



Texas Tech University, Camille T. Stegman, May 2017 

165 

contained evidence statements that, if there is no light to illuminate an object it cannot be 

seen and that the same object can be seen if a light source is introduced (NGSS, 2012). 

Understanding what the students can currently do and what they currently know is 

helpful in creating three-dimensional lessons. The teachers were discussing the answers 

from the probing questions. The students had answered with various types of responses, 

including pictures of light bulbs, the sun, and electricity.  

Mary: I had a lot of light bulbs and Roger (pseudonym) told me exactly that it 

came from a power source and went through the walls and then came out through 

the plug which made the light bulb go off. He explained it to me.40 

The teachers continued with different things the students stated.  Amy brings up a student 

that remembered a story they had read last year, “Douglas (pseudonym) drew a picture of 

a lightning rod. We read a story and I don’t know if you guys have recently, if he 

remembered it from first grade – that was amazing.” 41 and Suzie recalls “This is my 

favorite, Helen (pseudonym), you know how the light bulb goes off in your head, look at 

the picture of the light bulb above her head. That’s priceless” 42 

Guiding the participants in the lesson study process, the researcher asked the 

group, “Do we have some evidence that shows some of them do or do not understand that 

at this time?” 43   The purpose of the question was to scaffold for the participants the uses 

of the evidence statements. The question assisted in determining if the teachers 

understood the importance of evidence and if they had evidence that would help them 

create lessons that would move the students towards new understanding. Amy responded, 
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I think that’s as far as our questions really prompted them because we just said, 

how do we use it (light)? We weren’t prompting them towards anything like, 

Well, what if there isn’t light? I don’t know if they have that knowledge or if the 

questions that we asked them just didn’t elicit that response from them.”44 

Early in the study, Amy’s statement showed that she was considering the relationship 

between how a question was asked and the type of evidence that was useable from the 

question. During many conversations, the teachers choose to focus on how to word their 

questions so they could solicit the responses they needed to produce the evidence the 

lesson was successful. Amy and Suzie’s evidence of 3D Implementation have a direct 

link to the preceding comment. Lesson 3, was designed to help the student transform the 

knowledge learned about light sources and their effectiveness. The group worked on the 

questioning of the students and came up with, “How did the light help the student’s find a 

penny?” and “How does light affect me?” This was used as student discourse and 

eventually on student activity sheet. The evidence of improved questioning relates back 

to Amy’s statement.  

Eventually, the group determined that the first lesson needed to focus on 

developing the concept of light being able to illuminate objects.45 Lesson 1, Light Helps 

Us? became their first effort at 3D Implementation. The teachers taught the lesson three 

times and came up with a final version. The teachers used the EqUIP Rubric (NGSS Lead 

States, 2013) to ensure that the lesson met the objectives of three-dimensional learning.  

The EqUIP Rubric is an evaluation document that, if used correctly, ensures that all the 

dimensions are present and they are an integral part of the lesson.  The questions asked 

on the rubric, require the user to think about how the three-dimensions fit together and 
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has the user cite evidence that a dimension or connection is present.  The rubric contains 

several steps: review the lesson/unit for the three-dimensions, examine the lesson/unit by 

citing evidence of a criteria, suggest improvements to the lesson/unit if the criteria are not 

met, and repeat the process for instructional supports and monitoring student progress. It 

is not an easy document for a beginner to understand, so the mentorship provided by the 

researcher assisted in helping the ensemble by scaffolding the process. Additionally, 

there is evidence that the ensemble utilized bridging to help themselves through the 

process, even though each individual participant was still struggling to understand.  

Developing good questions appears again as the teachers were on the 

“suggestions for improvement” section of the rubric. Suzie was writing on the rubric. The 

teachers are scaffolding information for each other about improving the lesson. Amy was 

not present for this discussion. The teachers discussed the types of questions that are on 

the student worksheet. Eventually deciding that to really get to the crosscutting concept 

of “cause and effect,” they needed to add a question about the different light levels in the 

classroom vs. the basement.46 The following discussion contains evidence of the teachers 

are productively learning by verbalizing their thoughts, as they work within the theme 3D 

Implementation.  

Suzie: Right here, suggestions for improvement we are adding, should I put 

question four? I'm not going to write it out if we'll have this (referring to their 

written lesson that contains their notes and changes). 

Mary: No. 

Suzie: Add question four, what else were we going to say? Add question four- 

Mary: To strengthen- 
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Kori: Cause and effect. 

Mary: Cause and effect. 

Suzie: What was cause and effect? To strengthen cause and effect. Okay. Did we 

say we were going to add anything different? I don't think- 

Kori: We wanted to make sure that we're predicting. 

Suzie: That would be the prediction, because question four is, "What's your 

prediction?"  

Kori: Perfect, perfect 

Suzie: "Were, where, were your predictions the same? If not, how did they 

change?" That was that one. Was that our only suggestion? 

Kori: That was only our big one. Because, I think we already changed them. 

Suzie: Because of the lights are going off the students will be able to see, students 

predict what will happen. 

Mary: Maybe we can say we added the question four 

Suzie: Oh, Oh 

Mary: to refer back to our original prediction. 

Suzie: Okay, but did we want to change we wanted to do some of it verbally and 

some journaling? 

Kori: Yes. Yes. 

Mary: Um-hum, Um-hum 

Kori: We want to have both. 

Suzie: Verbal. I'm just going to put verbal and journal.  

Kori: Yes, Um-hum 
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Suzie: To add verbal and journal. Okay. And what did you say, Mary, I'm sorry? 

Mary: No, just ... It's fine, because we already have it on there. I was just saying, 

because this cause and effect refers back to our original prediction. 

Suzie: Ok 

Mary: It's fine. 

Suzie: Do you want me to just put prediction in parentheses? 

Mary: Yeah. 

Suzie: So, we know. 

Mary: We're doing that question four at the end of the lesson, but we're using it to 

refer back to our original predictions. 

Suzie: Ah ok 

Kori: Yea47 

The lesson study group worked on developing good questions and discussion 

points for the students. This allowed them to generate better student discourse and 

improved 3D Implementation.  

Cross Case Analysis of Thumbs Up/Down 

The lesson study ensemble often discussed ways of engaging the students. For 

their question to the students, “what is light?” the group had settled on having the 

students write what they thought about light and to draw a picture of light.  However, 

with groups that contained kindergarteners, the teachers were concerned about the 

developmental level. Therefore, the team decided to group the students.  Unfortunately, 

that thought was disrupted by another concern and the teachers needed to structure the 
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groups so that the students came up with their own ideas, instead of copying from their 

neighbors. The group discussed the problem. 

Mary: Do you think it would be…. I know they are doing it in groups but do you 

think it would be too much to ask them to do it individually so we could see more 

of a clearer picture where their misconceptions would be.. because if… There’s a 

second grader they may more likely take over.  

Suzie: They’re going to copy each other, that’s what’s going to happen I 

think ultimately… I mean the kindergarteners are going to just…. 

(frustration) 

Kori: Yes, Yeah 

Suzie: So, the second graders will go “what do you think?” Sometimes I 

think it should just be where they’re like by themselves totally.  

Kori: If we were walking around and listening to the conversations and 

watching the little eyes… 

Suzie: Maybe you could ask what light is first, all these different people 

and then draw.  But, then they’re going to hear (it) see…. (sigh)76 

Amy reminds the team that the students grouped with kindergarteners will have an 

additional burden because the kindergarteners will have a hard time writing the 

sentences. Amy is helping the group learn in a productive manner, by modeling the best 

practice of considering student ability. The group is frustrated at trying to figure out how 

they will save the lesson, yet work within the bounds of younger students not being able 

to write. Eventually the teachers determine that perhaps the students can verbalize their 

responses prior to writing.   
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During a discussion on Lesson 3, the teachers were determining how the lesson 

would be successful without being burdensome. Amy was discussing the end of the 

lesson with the group.  A section had been added where the students had to take the 

knowledge gained about the effectiveness of light, and use it to help a teacher find a 

penny in the dark.  The original lesson contained an additional material item of a 

laminated picture of each light source. The students would hold up the picture of the light 

source they thought was the most likely to help find the penny and defend their choice.  

Kori suggests to the group, 

Suzie: So, each group is going to have these three pictures 

Amy: Each group will have their three, yeah 

Suzie: OK 

Amy: So, three per group 

Kori: Instead of pictures, could you just give them the lights? So, you didn’t have 

to do the pictures?  

Amy: We could, yeah 

Suzie: That’s a great idea, just give them the tools and have them hold up which 

one… 

Amy: That would work. That’s less work for us.77 

This evidence showed that the lesson study group, productively learning together, 

generated ideas that helped produce a lesson that another teacher might more likely use, 

as it would be less complicated to execute.  
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A little later in the same group discussion about Lesson 3, Mary brought up a 

thought about how the students will record what they saw. This step comes before the 

previous step, where the students use the information to find the penny.  This part of the 

lesson takes place after the students have made observations of the effectiveness of the 

three different light sources.  

Mary: On step six, could we do…. I was just kind of picturing a three picture 

thing. They could draw the picture here, and then under here is the prompt, and 

they just fill in the blank for it.  

Amy: Yeah, that would be perfect 

Mary: And that way we could see… or even no, just each kid has their own 

paper, if we wanted to, I don’t know. That way we could see the pictures next to 

their descriptions underneath.  I know our K’s can’t fill in the blanks so much, 

but... 

Amy: That’s OK, I mean they’re only filling in a word or two.  

Suzie: Yeah, if we write the prompt out, they should be able to, if they’re second 

graders (group buddy). Fill it in.78 

Even as a lesson study group, occasionally the conversations the teachers had referenced 

the amount of work in Lesson 2. The teachers created boxes that the students needed to 

use tools to let light into the box, so they could see what was in the box. Suzie states, 

“What are our other lessons? We only have four? We have to do all four (lessons)?  Kori 

says, “No, we had five (lessons). Mary states, “Is it four or five?”  Suzie sighs, “So this is 

a lot of work.”75 Eventually the teachers combine the final two lessons into one and their 

hard work created four research lessons.   
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Overall, the lesson study ensemble worked together, building off each other’s 

thoughts and ideas to create well thought out lessons.  Even though the theme, Thumbs 

Up/ Down was present, the teachers produced lessons were three-dimensional in nature 

and they were also evidence of how lesson study can take a problem and solve that 

problem collectively. 

Cross Case Analysis of NGSS Thinking 

When analyzing the lesson study ensemble there was evidence of the three 

dimensions during a planning session for Lesson 3, Effectiveness of Light, the group was 

wondering how to work in what occurred in the first lesson, when the students went to 

the basement. At this point, the teachers were still considering walking to the local mine.  

Mary was working with Amy on what she might be able to do, 

Amy: What would I do for a follow up? 

Mary: Could you do the same thing but inside the classroom just like we did for 

the first lesson? Because like with first lesson, we were going to go down to the 

basement and its super dark, just like the mine will be super dark. Then you take 

those light sources back to the classroom where you can still see through the 

windows and then talk about, maybe, do those light sources still work as well? 

Amy: Yeah, okay.  

Mary: Would they get different results. 

Amy: Okay, so (writing on her lesson) In a different environment, like the 

classroom, would those light sources. The glow stick probably wouldn't do 

anything? Yeah 



Texas Tech University, Camille T. Stegman, May 2017 

174 

Mary: It wouldn't really show as much, nearly as much as it would in the mine.  

So, you know, I know, I felt like my scientific explanation was super simple too. I 

just put, scientists say that when we have light it allows us to see objects. I mean 

that was the point of that first lesson was light allows us to see, so, and then things 

that we would not normally be able to see without light, we can…. 

Amy: Yeah, perfect. 

Mary: So, I don't know. That was my thing is I felt like it was simple, but I didn't 

know how much more in depth ... 

Amy: That's what I was wondering, yeah, how in depth do we go? 

Kori: I don't know 

Suzie: I don’t know. 

Amy: Okay, Okay. Perfect. 

As Amy and Mary worked out the lessons other parts, they were working on their 

understanding of how the NGSS worked; lessons build on each other and that the 

students should be able to make use of previously learned information in a new format. 

This is evidence that Amy and Mary, by verbalizing their current thoughts, are assisting 

each other in bridging towards mastery of the new thinking.  

Additional evidence came from a debrief during the same lesson. The group was 

discussing Lesson 3; however, Amy, Suzie, and Kori had a brief conversation about 

Lesson 4 while discussing what happened in Lesson 3. The ensemble was trying to 

determine how the revisions, to the students’ communication devises, should be 

structured.  
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Amy: If it were a nice day, we could do the revisions outside. 

Suzie: Right 

Amy: Like last year, we could just all be outside and give them an area on the 

playground to be in, like one station like we had last time, there was one big 

station with supplies and they just went off and found a spot. 

Suzie: That’s true, we did do that. 

Amy: So, it still gets done in one, in three more different times. 

Kori: Cause I understand giving them like an hour and a half,  

Amy: Yeah, but split up.   

Kori: Yeah, do one, test it, think about how to change it, because on Wednesday, 

we’re going to talk about it again. And then they have time, like… 

Suzie: Yes, like to think about it, actually not like boom like five minutes to think 

about it. 

Amy: Yep, Yep, they have the rest of the day…. 

Mary: You know we can always add it to the class, like just take 5 minutes out of 

the day to think 

Kori: Yea like say hey, as an individual write down what you are going to 

change. 

Mary: They could draw it… 

Suzie: Or, I mean, another thing, they can come back and talk in the class with 

other groups so they are not just talking to their groups, like second graders are all 

talking in their groups and Kindergarteners are all talking their groups together.  
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Kori: Have a classroom discussion. Yeah, because your guys’ group is not going 

to see what they do… 

Suzie: Right 

Amy: Yeah, I think so too. 125 

The discussion took place about 5 weeks prior to the lesson study ending.  The data 

showed that the teachers did not want the groups to have only a few minutes to change 

their devices.  The teachers want the students to really think and discuss potential 

changes with others, to think about how other students designed their device, and how 

that might be added to their design.  This was evidence that the group was building on 

established thoughts of student discourse and revisions; working together the group came 

up with a fix.  

Cross-Case Analysis of Lesson Management 

While the Lesson Management theme does not help answer the questions directly, 

it may shed light on what learning did take place during the lesson study. Conversations 

found in this theme regularly followed the pattern below, 

Suzie: By the time we get in there, 9:15 by the time we take roll and everything, 

get going. 

Amy: Yeah. 

Suzie: We would seriously have…. 

Amy: An hour and 15 minutes. 

Suzie: ... an hour and 15 if we do even a snack in there. I don't know. 

Amy: That might be better. 
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Suzie: I have no specials then, I have no kids being pulled, not even for speech. 

When do your speech kids get pulled? 

Amy: They're on Wednesday. 

Kori: Mine Friday morning. 

Amy: Oh, yeah. Wednesday, Friday, but I could make it so that my three speech 

kids are in the group that go Monday 

Kori:  Monday. I have one that goes to speech… 

Amy: We could make sure all the speech kids go Mondays. 

Mary: They (speech teachers) are so good though too, they would definitely 

work. They would figure out a plan. 

Amy: They change stuff around all the time, so I think.. 

Suzie: So, I think they would work. 

Kori: Yeah. 

This discussion about time management was repeated at the beginning or the end of 

almost every conversation that took place. Sometimes in between lessons, when the 

lesson had gone longer than expected, unexpected changes would occur because of time. 

Lesson 3, Effectiveness of Light, contained quite a bit of writing for the students on what 

they saw with the different light sources.  The teachers had an impromptu discussion 

about whether they should continue with another group. Suzie said, “I just don’t know if 

we’ll have time.  Because we don’t know….. we could go to recess?”143 Recess was 

important to the participants.  

Elementary school days are broken into so many small segments of time that the 

teacher could not seem to find blocks of time to go through a lesson, let alone do it two or 
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three lessons in one day, so that they could analyze their thinking to see what 

improvements could be made. If it was not a recess time interfering, it was lunch, 

Suzie: You've got to look at the time though because that goes into lunch. 

Amy: They have lunch, yeah, so you might have to take them before. 

Mary: You might have to take them before and then after, because if you took 

them at 11, from 11 to 12, an hour's plenty. 

Kori: How long are we thinking our lessons are lasting? 

If it was not recess or lunch, it was a special such as PE, which for a primary grade, is 

extremely important for little bodies.  

Amy: What if we do Wednesday? 

Suzie: Wednesday?  Wednesday at 12:45? 

Mary: Okay. 

Suzie: I think I have P.E. but we can switch that correct? 

Kori: I think I have something at 1:40? 

Suzie: My Wednesday P.E. that's the only thing I had was PE…. 

Mary: So, what day did we decide to do it? 

Amy: I have nothing on Wednesday. Oh, I have Eva (pseudonym) at 12:45, so we 

could always use her as like an extra person…. 

Suzie: I have her today, so I can ask her…So are we planning doing on Monday, 

Wednesday, Friday?142 

Further evidence can be seen in the discussion about duties, 
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Suzie: That screws up my duty because I have duty out there for that last recess, 

so I'd have to find someone to do that. 

Amy: Julie (pseudonym) could just do it, right? Just one person. We'll have all 

the K, 1, and 2. 

Mary: We'll have the kids. 

Suzie: Yeah. 

Amy: It'll just be her kids, so she can handle it. Yeah. 

Suzie: Okay. 

Or concerns over holidays,  

Amy: That also is going to be a problem when we start getting into the next 

couple of weeks where we have lots of holidays. 

And special education minutes, 

Suzie: Also, Mary pulls my special ed kids every Monday, Tuesday, Wednesday, 

Thursday at 2:30 and 3:30 

The teachers discussed changing group size to deal with time issues. 

Amy: We're not breaking them back into their.(groups), oh, yeah we are. 

Suzie: We'd have to, yeah, in order for guidance (counseling lesson). 

Kori: But just giving them like 10-15 minutes. 

Suzie: We could also break it into bigger groups instead of groups of three, we 

could say, "You have now 6 people." 

Kori: Put two groups together?144 
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These conversations about time management were noted throughout the lesson study 

group discussions. The group discussed their time management more frequently together 

than it came up as a personal concern.   

The teachers had some issues with behavior and frequently had conversations the 

about size of the groups, so that all the students would have a chance to participate in the 

lesson.  Many times, the teachers would discuss group changes because the students had 

issues with each other.  Additionally, the teachers may have felt a change was necessary 

because of abilities within the groups. 

Suzie: So, they're the ones that need the most direction. I'm not saying just 

kindergarten, just that more explanation cause they're younger. 

Amy: So maybe we switch their positions. 

Suzie: And I hate mentioning this is not what we're going to do, because I hate 

being so negative. But with this one you have to tell them, you're not going to do 

this, if you don't they do it. 

Amy: That's the first thing they're going to do 

Suzie: You know. 

Amy: This is also my group of like, lower lowers. So, like I think modifying it 

next time I'll just have them draw or write a word. 

Suzie: And mine were lower, and he was not able to help them at all 

Amy: He was frustrated 

Suzie: Right, and the other one was like, I'm not helping you, I can do this, why 

can't you. 

Amy: Exactly, yeah. 
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Suzie: Second grade wasn't that kind.145 

The teachers were thinking about the overall cohesiveness of the group and did not want 

students with a lesser ability, whether because of age or another reason, to be left out.  

Their consideration of the groupings helped them work through the process of how to 

make sure the lesson reached all students, perhaps the lesson could just be altered.  

The teachers had conversations about needing to change groups for behavior or 

other management reasons. As one might expect in a primary setting, student 

misbehaviors happened. However, most of the correction occurred in class or the teachers 

considered different groupings during their discussions, as the evidence showed.  The 

teachers did not spend much time talking about the overall behavior situation. The 

absence of the participants discussing poor behavior as a group, maybe evidence that 

there was little difference between the lessons presented and the student’s normal class 

behaviors. It may not have been something the group felt they need to discuss.  

The evidence in the cross-case analysis shows that changes to the teachers 

thinking occurred during the teacher interactions.  The process of bridging helped create a 

productive learning environment where the teachers co-constructed knowledge, solved 

problems, and generated lessons that are useable by other teachers needing to implement 

the NGSS in their primary classrooms.  

Evidence of Productive Learning Analysis 

As was noted throughout the theme descriptions there was evidence that the 

lesson study ensemble, being taken as a separate case, could be compared to the 

individual participants to show where growth may have started.  For some of the themes 
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evidence was found that directly related a discussion the group had to changes in 

thoughts and implementation. A full and complete understanding is not required 

immediately for a change to take place.  An individual’s mind continues to work, and 

process information, after the group discussion ends through the concept of bridging.  

Mary helped Amy create a bridging shell, where she could scaffold information for future 

thinking, which assisted in a more thorough understanding of the new thinking.  

Kori: Do we wanna just say you can pick one light source, or two light sources, 

and then four things? 

Amy: I think one light source. 

Kori: Yeah, one light source. 

Amy: Well I don't know. 

Suzie: I don't even know if I would say they have to choose a light source, let 

them figure it out. Say you can choose four items and this. Yeah hopefully they 

choose a light source, but ... I mean that's the whole task. 

Kori: Just give them all of them. 

Mary: Maybe that will tell us how they did on the last one 

Suzie: If they even chose it 

Amy: Yeah, I'm sure they will. If we say you're stuck in a dark mine, I can't 

imagine, I would hope, I know, I know. I'll be biting my tongue later.146 

Amy and Suzie stated that they were not sure how many light sources should be given to 

the students and try to come up with a reason for their decision between one or multiple 

lights.  Suzie brings up that the kids should just get to choose, but cannot clarify a reason. 

She simply stated, “It’s the whole task.” Mary mentioned how that might assist in 
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assessing the students’ transfer of knowledge from Lesson 3, Effectiveness of Light.  

Mary’s statement was evidence of how Amy may go beyond “guiding students”148 and 

helped her to make better observations. Amy referenced the activity in her final 

interview, 

It was when we were doing the last activity where we were building stuff. They 

were talking about the different light sources they could use. I just saw so much in 

that activity because they were, well if we're down in the cave and there's not light 

we're not going to be able to see anything and no one's going to be able to see us. 

We have to have light. You have to have light to see it. Just through their 

conversations with one another that it was like, "Okay." They were talking about 

which light sources to use. I heard one group talking saying, "We don't want to 

use the pen light because that's just too small of a light." It would shine bright 

down where we are but we need a bigger light that would illuminate more of the 

area so more of us could be seen.149 

There was evidence that Mary used a bridge during a conversation about Lesson 

2, Light Illuminated. Mary was working on making sure that the three-dimensional lesson 

has all the components. She was trying to work with the EqUIP rubric and cannot find the 

evidence to show the crosscutting concept of cause and effect. The researcher/mentor 

prompted that she already has a prediction component in her lesson, and is there some 

way to enhance that piece. There was evidence that Mary used that information to create 

a bridge for new knowledge. She stated,  
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In the beginning part, we said, we asked the question, what did we do to be able to 

see inside the basement? So, could we rephrase that to match the ending 

questioning, which is how were you able to see in the basement? And the ending, 

it says how were you able to see your picture. So, it's kind of asking the same 

question at that beginning and at the end, but just more clarity I guess.150 

The statement showed that Mary bridged what the researcher/mentor had said about 

predictions into a thought about students’ learning and how students can make their own 

discoveries. Mary shows evidence of using the perceived expert to assist in her 

productive learning. In her final interview, she stated,  

They had to identify what allowed them to see for themselves instead of us just 

telling them the expectation, they figured it out on their own. They realized cause 

and effect, that, "if I chose the smaller light I couldn't see the object that I needed 

to see. I needed more light." It was neat to see them being the teacher to 

themselves almost.151 

Mary showed evidence, through her statement, that she built upon the scaffolding 

provided by the researcher/mentor and could improve the lesson and make it more three-

dimensional. 

Kori and Suzie co-constructed new thoughts during the previously referenced 

conversation on probing assessments.152 The teachers were worried that younger students 

may copy from older ones because that will be easier than writing their own thoughts. If 

the students copy it would be difficult to figure out what the students know.  Kori stated, 

“If we were walking around and listening to conversations. Watching their little eyes.” 
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Suzie shifts the focus to the questioning, “Maybe you should ask what light is first.” She 

goes on to say they will hear it, she stops and sighs as she realizes, the error in her 

thinking. Kori finishes her thought, “But then they hear others.” Amy reminded the group 

that it is hard for kindergarten to write. The group discussed the possibility of drawing a 

picture of what the children think light is, and upon completion, the students talk in 

groups about their picture.  Suzie gasped with insight, “you can just sit them in the 

classroom and say, ‘Here you go. Go talk to your group about it.’ That’s a good idea 

because they won’t be copying.” Kori rounded out the idea, “Then they could still do 

like, they can do their sentences together, afterward and then now the older ones can like 

help. We don’t group them until after they’ve drawn their picture. They draw their picture 

in their own class.”152 Shifts in focus are usually seen during the bridging of new 

concepts. The shifts in focus are the bouncing back and forth from one statement to 

another.  

There is evidence that Kori self-scaffolded her own thoughts on listening, how it 

helped her determine a lesson’s focus, into thoughts about how young students have ideas 

they may not be able to express. Her thoughts on listening now include thoughts on how 

to know what a child understands. Showing evidence that working in a group helped her 

to verbalize her thoughts and modify her thinking. In Kori’s first interview, referencing 

student understanding, she stated, “we're doing a lot of just discussions to understand 

where they are and then I can further their understanding if I need to, or I know exactly 

where they are so I know the next step to go.”153 In her final interview, when asked how 

she decides what needs to be changed in a lesson, she mentioned, “Just a lot more 

listening, because they had the ideas, but for a lot of them it was hard to create.”154 This 
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was evidence that she built upon the bridge created during the discussion about 

individually probing for student understanding.    

The discussion provides some evidence that Suzie created a self-scaffold about 

the type of question to ask the students before having a conversation.  Suzie stated in her 

final interview that she sets up the questions so she can see what they have learned. She 

says, “I can say, ‘What did you learn?’ Actually, setting it up, when the light was on, 

‘What could you see, and why could you see it?’ Giving them more of a direction than 

just, ‘What did you get out of this?”155  

There is evidence that Suzie not only helped develop her questioning abilities, but 

also improved her thoughts on what was really being assessed in a lesson through the 

group discussions. The group was working on Lesson 3, Effectiveness of Light.  The 

teachers were debating how many light sources, distances, and items for the students to 

focus on to see which light was effective. The teachers were realizing that they would be 

having the students drawing up to nine different pictures for their assessment question 

about the effectiveness of the light source. The debate had been going back and forth for 

a while,  

Suzie: Does it have to be three a time, can we just do two? 

Amy: Two. I think that might be best. 

Suzie: Just do two distances, because, I mean, far away and then close. 

Amy: Yeah. We'll get rid of the… 

Suzie: One foot? Just do ten and thirty? 
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Kori: If you going to have a big difference if you have three things though, if you 

only have two? Because one's going to be able to see farther than the other two, so 

you might need three if we have three things. 

Suzie: Do we have to have three things? Can we just do two things at three 

distances? 

Amy: Oh, so let's just do like a glow stick or pen light and a flashlight? 

Suzie: Yeah, because I think even just a glow stick, that's minimal light to like a 

flashlight that's ... I don't know.208 

A similar debate goes on about how many pictures the students should draw and how 

many items need to be available for the students to observe with the light sources. 

Suddenly, Suzie realized,  

To be honest, they really only need one picture, because the tool is what we’re 

looking at. It’s not so much the item at the end (of the table), we’re just looking at 

the light. We could really just do one, as stuffed animal down there (end of the 

table), and then they could get a pen light, a glow light.  We could do two 

different things, but the item’s not going to make a difference in the light 

source.209 

Even though the discussion focused on how to lighten the workload on the students and 

the teachers, Suzie scaffolded the discussion into a focus that changed her thoughts on 

how science can be assessed. During her final interview, in response to how do you 

assess your students in science, she said,  
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Well actually, it’s hard because you don’t really have assessment tools where you 

can put them on a computer and see, as far as math skills or writing skills.  With 

science, you actually have to let them explore ideas and you’re really walking 

around and seeing what they got from it. At the end of every lesson that we did, 

we had them either write or draw a picture, what did you learn from this. In our 

questions that we have throughout our lessons, having questions for them to fill 

out.210 

Suzie showed that she was looking at how computerized assessments are not the only 

method of assessing a student’s understanding. By honing in on what the third lesson was 

about, the effectiveness of the light, she considered that purpose of the lesson and the 

what and how of the assessment needed to see if it meets the lesson goals.  

The lesson study group can not only be analyzed as an independent entity, 

comparing information between the individuals and the group, but it can also show 

evidence of where changes may have started for the individuals through the co-

construction of knowledge. By using a cross-case analysis, and specifically focusing on 

where a participant may have created a bridge to help scaffold new information, evidence 

of productive learning could be found.  

Summary 

The study contains evidence that each of the four participants did experience 

change to their classroom implementation of three-dimensional learning during the lesson 

study.  In addition, there was evidence that two of the participants increased their 

understanding of the purpose of the performance expectations. The other two participants 
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did experience knowledge growth, but it cannot be determined if it was sufficient 

understanding to claim knowledge of the purpose of the performance expectations. All 

the participants gained an understanding of the role of questioning and observing students 

to see what the students know and can do. The four teachers that participated in this 

study, were purposefully selected because they represented various aspects of primary 

teaching. In addition, they offered the researcher specific insight into rural situations 

(Creswell, 1998). Rural areas of the country trying to implement the NGSS will probably 

have similar dynamics, one teacher per grade, and demographics, small classroom size 

and limited professional development opportunities.  

Four themes emerged from the data, 3D Implementation, Thumbs Up/Down, 

NGSS Thinking, and Lesson Management. The data collected came from interviews, peer 

observations and discussion, researcher observations and field notes, documents, and the 

observation tool. Each participant, except for one, was interviewed three times. The 

teachers performed peer observations, debriefings, and planned the lessons together. The 

teachers did reflections on the process and their thoughts. The teachers used an 

observation tool to help them identify three-dimensional learning.  

The participant data was analyzed for the ability to implement three-dimensional 

lesson. The participants used the observation tool, the NGSS resources, and the 

mentorship provided by the research ensured that three-dimensional learning was center 

stage. The researcher collected data through observations of the recorded lessons, 

reviewing the group discussions, and the artifacts collected. The evidence collected by 

the researcher was analyzed for elements of three-dimensional learning.  



Texas Tech University, Camille T. Stegman, May 2017 

190 

It was important to understand the participant’s view of the lesson study. Each 

participant had their own perspectives on the lesson study and its purpose. The teachers 

expressed satisfaction with participating in the lesson study, even enjoyment. Even at the 

end of the study, the teachers were thrilled with the time to collaborate with others.  

Participants conveyed that the lesson study was hard work and at times, tedious. While 

occasionally there was, a teacher absent from a lesson presentation or from a discussion, 

overall participation in the lesson study was stable. By analyzing each participant’s view, 

a conclusion can be made as to the effectiveness of using lesson study for rural teachers 

desiring to build three-dimensional lessons and gain knowledge about the NGSS. 

While not related to a research question, there was considerable evidence that the 

teachers spent time working on the logistics for teaching lessons multiple times to 

different groups of students. In addition, there is evidence that the teachers tried to 

formulate student groups that would work well together, and get the lessons done in a 

productive manner. The evidence arose from the open coding process and required 

analysis to obtain an overall picture of the whether lesson study is a reasonable 

alternative for professional development in rural areas.   

The research data was examined for evidence of the participants understanding of 

the NGSS and the purpose of the performance expectations. Some of the participants 

showed evidence of using vocabulary found in the NGSS to reference their understanding 

of the performance expectations and three-dimensional learning. Some participants were 

not able to use the correct vocabulary. However, even with the limitations of vocabulary, 

the participants expressed phrases that could be associated with the NGSS, the 

performance expectations, and three-dimensional learning.  Observations of the recorded 
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lesson confirmed to the researcher that the teachers had effectively achieved lessons that 

use the three dimensions.  

All of teachers developed a basic knowledge of how the NGSS is laid out and that 

there are reference materials they can refer to when they want to design a 3D lesson. 

Three out of the four teachers expressed a desire to continue to create new science 

lessons and use what they had learned to gain more knowledge.  There is evidence that 

the new method of science teaching took so much time, for one teacher, she was not sure 

how to implant the NGSS long term.  
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CHAPTER V 

DISCUSSION 

This study examined four rural teachers’ using lesson study to implement changes 

required by the Next Generation Science Standards (NGSS), and its associated three-

dimensional learning. This case study used participants as individual cases, the lesson 

study as a case, and analyzed the co-construction of knowledge through the bridging of 

new information to current understanding. The final analysis of this study focused on the 

productive learning of the teachers through their use of lesson study, with the guidance of 

a mentor. The research questions examined the use of lesson study as a method for 

assisting primary teachers to develop their abilities to implement the Next Generation 

Science Standards (NGSS), and the associated three-dimensional learning in the primary 

classroom.  The participants worked together and the participant researcher acted as a 

mentor in the process of lesson study. The participants reflected on student learning, and 

embedded metacognitive prompts, questioning techniques that help scaffold the student’s 

thinking, into their science instruction (Zohar & Barzilai, 2013). The participants utilized 

evidence statements, in the form of a developed observational tool, and the EqUIP Rubric 

to help provide confirmation that the lessons contained the three dimensions in an 

interconnected manner, as suggested by the NGSS (NGSS Lead States, 2013). Rural 

participants were selected based on their participation in the NGSS professional 

development sessions designed to introduce the NGSS and increase science content 

knowledge. The participants chose to complete this collaboration rather than work 

independently on lessons. Collaboration is usually not available in many rural areas 

(Glover et. al. 2016); therefore, this study is unique in that it was done within the difficult 
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structure of a rural school environment where a lack of time and personnel inhibits 

collaborative activities (Hamond & Smith, 2007). Lesson study is viewed as a form of 

professional learning community because of the communication between teachers, 

collective creativity by the teachers, for the purpose of increasing the quality of 

instruction (Chichibu & Kihara, 2013).  As lesson study is usually a year-long process, 

this research took place over several months and used data from focus group discussions, 

informal discussions, interviews, reflections of the participants, lesson plan 

documentation, and other artifacts, such as researcher reviews of the presented lessons, 

and peer observations and lesson plan modifications. This descriptive, exploratory case 

study had the following research questions: 

1.) To what extent does the use of lesson study influence primary grade 

teachers’ implementation of the Next Generation Science Standards? 

a. How does the use of Lesson Study influence primary grade teachers’ 

implementation of the associated three-dimensional learning within 

their classroom instruction? 

b. How does the use of Lesson Study influence primary grade teachers’ 

knowledge of the purpose of the Next Generation Science Standards’ 

performance expectations on student learning in science? 

The data analysis indicated that the lesson study had an impact on the teachers in 

this study. It can be shown that the teachers could implement NGSS lessons in their 

primary classroom and that there was some knowledge gain for some of the participants 

as to the purpose of the performance expectations.  



Texas Tech University, Camille T. Stegman, May 2017 

194 

The findings suggested that all the teachers experienced productive learning 

during their time together. Each teacher bridged information towards a modified 

understanding, utilized the mentorship available, verbalized their thoughts, modeled for 

each other best practices, and worked together as a group in a social atmosphere. 

Additionally, the findings showed that all teacher’s lesson contained three-dimensional 

learning, and that the final lessons were implemented using the three dimensions. It is 

clear that the teachers increased their instructional time, during the lesson study, as 

lessons were taught nearly weekly to multiple groups.  It is less clear if the findings 

exhibit the individual teacher’s understanding of the purpose of the performance 

expectations, the three dimensions, and the relationship of both to the NGSS, or if the 

teachers will continue their increase in science instructional time. Although there is some 

anecdotal evidence that may assist in determining the continuing influence the lesson 

study had on three-dimensional learning, understanding of the NGSS, and science 

instructional time.  

The Next Generation Science Standards are a complex document requiring 

multiple professional developments, teacher thought, and collaboration to truly 

understand how they are structured. The NGSS is not something that is understood 

overnight. Bybee (2013) believes that teachers will need to contemplate the purpose of 

the performance expectations and how the expectations relate to three-dimensional 

learning in the classroom.  With the NGSS being so different from traditional standards, 

the average primary teacher will need significant mentorship and coaching to be 

successful in their contemplations. Lesson study, a form of professional learning 
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community, is an excellent method of helping rural teachers gain the knowledge and skill 

needed, under a perceived expert’s watchful eye.  

Analysis and Conclusions 

As was shown in the analysis, the two of the four themes developed can be related 

to the research questions. A third theme focused more on the participant’s view of the 

lesson study.  The final theme concentrated on management, a necessary part of a 

primary teacher’s day. The first three themes assisted in drawing some conclusions from 

this study.  The final theme on management did not offer insight into the lesson study 

process assisting with understanding the NGSS or implementing three-dimensional 

learning.  

Rural Lesson Study’s Influence on NGSS Implementation 

The evidence from the case themes and the cross-case analysis allowed for four 

conclusions to be drawn from this study of the four participants and their lesson study 

group. The conclusions from this descriptive, exploratory case study are the following: 

1. There is an influence that the Lesson Study had on the implementation of 

three-dimensional classroom instruction for these four participants. 

2. There is an influence that the Lesson Study had on purpose of the 

performance expectations of the NGSS for some of these participants. 

3. Lesson Study allowed these rural participants to be in a productive learning 

setting for several months.  

4. Lesson Study on the NGSS requires mentoring, and time requirements could 

inhibit implementation.  
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Implementation of 3D Classroom Instruction 

The first research question asks “How does lesson study influence the 

implementation of learning in three-dimensions within the primary classroom?” This 

question can be answered through the evidence found in the interviews, observations, 

group discussions, field notes, and documents, such as the observation tool, and 

ultimately comparing the original lessons to the final lessons.  

The findings show that the participants could create three-dimensional lessons and 

implement those lessons in their classrooms. Each of the participants created one lesson 

that contained all three dimensions and each of the dimensions had a purpose in the 

lesson, meaning you could not remove a dimension and still have a cohesive lesson 

(NRC, 2012). The conclusion that the lessons were three-dimensional in nature can be 

traced to two elements of the study; development of their abilities to ask good questions 

that required the students to give reasoning, and the observational tool, which helped the 

participants know what to look for during the lesson. The growth in good questioning 

techniques came from the teachers’ lesson study discussions, as is evident in the results.  

The use of the observation tool, helped the teachers bring back information to discuss 

improvements and analyzed what the students were saying. The use of the EqUIP rubric, 

was an additional piece that assisted in developing 3D implementation.  

Questioning. The largest area of growth towards three-dimensional classroom 

implementation came from the groups focus on questions, and gaining a better 

understanding of what type of questions to ask.  Small changes in wording to a question 

assisted the teachers in developing better lessons and observing what the students knew 

and could do. The mentor occasionally modeled a style of questioning that would solicit 
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more metacognitive answers from the students. The teachers used that information to 

bridge their understanding of discussions and questions to the more successful 

questioning. Finally, some of the teachers internalized the process of good questioning. 

This productive learning helped the teachers develop the ability to use metacognitive 

prompts which assisted the students in problem-solving tasks and improved student 

discourse (Zohar & Barzilai, 2013). Furthermore, it can be concluded that the teachers 

developed their own metacognitive abilities and more frequently questioned their 

pedagogical actions.  

The findings showed that from the first discussion on the driving question, the 

teachers gained an understanding that three-dimensional learning required well-thought 

out questions. The participants’ discussion about their first question, “How do I see the 

world around me?” 55 and their final decision to have the question be, “How does light 

affect me?” 56 helped to conclude that questioning was important.  How to ask questions 

and adjusting the types of questions asked was the method for the participants to create 

three-dimensional lessons. Throughout the lessons the teachers asked the students 

questions.  

There was evidence that the participants became effective at realizing that certain 

questions would get them the evidence that they would need to determine if the lesson 

met the objectives.  By asking “what, why, how” questions the students would respond in 

ways that showed the depth of understanding for the students.  The participants’ use of 

questions helped the students learn to communicate their evidence effectively. 
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Even if the teachers did not mention questioning specifically, as something they 

developed within their three-dimensional lessons, they all referenced the discussions the 

children had during the lessons. The participants felt the student discourse was of the 

utmost importance in understanding if the students have learned. The teachers questioned 

the students extensively during lesson presentations. The findings suggested that the 

answers the students gave helped the teachers to determine, either through observation or 

group discussions afterwards, that the student conversations provided them with evidence 

of learning. 

Observations. The teachers in their reviews of the lesson used many methods to 

determine if a lesson was meeting the goals of being three-dimensional. One method was 

to observe and look at the evidence of student learning during a lesson presentation. The 

teachers were provided with an observation tool that spelled out the types of evidence 

they should look for in a lesson. The participant’s observations using the observation tool 

as a platform for documenting the evidence, helped to conclude that the lessons were 

three-dimensional in nature. Additionally, the participants worked to plan, monitor, and 

regulate their own thinking during group discussions, improving their abilities to 

critically reflect on the outcomes (Ford & Yore, 2012). The observation tool modeled for 

the teachers what they should look for in a lesson and that added in the productive 

learning. 

The observations made from Lesson One, Light Allows Us to???, specifically 

references in the observing teacher’s notes, that the students have stated “we learned that 

when the light is on we can see. When it is completely dark we cannot see the tools, but 

when the lights are on we can.”177She notes that cause and effect is the crosscutting 
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concept for the lesson. And the student responses show the evidence statements have 

been met.  

The NGSS evidence statements are on the observation tool and helped the 

researcher conclude that the lessons did meet the criteria for three-dimensional learning.  

The observations were done by some of the participants, it changed with each lesson.  

The researcher observed all the recorded lessons as well to confirm what the participants 

were noting. The NGSS evidence statements for most of the lessons are “Students make 

observations (firsthand or from media) to serve as the basis for evidence including: 1) 

The appearance (e.g. visible, not visible, somewhat visible but difficult to see) of objects 

in a space with no light. 2) The appearance (e.g. visible, not visible, somewhat visible but 

difficult to see) of objects in a space with light. 3) The appearance (e.g. visible, not 

visible, somewhat visible but difficult to see) of objects (e.g. light bulbs, glowsticks) that 

give off light in a space with no other light. 4) Students describe how their observations 

provide evidence to support their explanations. Additionally, under reasoning, “Student 

logically connect the evidence to support the evidence-based account of the phenomenon. 

Students describe their lines of reasoning that include: 1) The presence of light in a space 

causes objects to be seen in that space. 2) Objects cannot be seen if there is no light to 

illuminate them, but the same object in the same space can be seen if a light source is 

introduced. 3) The ability of an object to give off its own light causes the object to be 

seen in a space where there is not light (Achieve, 2015).  

Therefore, the observer’s conclusion about the first lesson, and confirmed by the 

researcher’s observation of the same lesson, is that the students could explain that light 

and no light are different, and they gave evidence of their reasoning, the light allowed 
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them to see the tools in the basement. Lesson 1, Light Helps Us to???, can be considered 

a 3D lesson and the teachers implemented it in a three-dimensional manner.  

The second lesson, also obtained three-dimensional status, as the evidence from 

the observation tool showed, the observer concluded that the activity used; asking 

question, using models, and evaluating and communicating for the practices.  The 

crosscutting concept noted was cause and effect. The observer also noted defining 

problems, and specifically references in her notes “make a plan on a piece of paper then 

execute it.”156 Therefore, while the lesson cannot necessarily be classified an engineering 

lesson, the students were solving a problem. During the second presentation of the lesson, 

the observer found that the students articulated, under the evidence statements: 3) The 

appearance (e.g. visible, not visible, somewhat visible but difficult to see) of objects (e.g. 

light bulbs, glowsticks) that give off light in a space with no other light and 4) Students 

describe how their observations provide evidence to support their explanations.  Lesson 

2, Light Illuminated, has built upon the concepts the students discovered in Lesson 1, 

Light Allows Us To???? For the second lesson, the observer checked off that the students 

could provide information for most of the evidence statements. Additionally, the observer 

checked that the students could support their explanations though the use of evidence, 

and reasoning for the phenomena.  She noted that the students were discussing a “bigger 

hole, more visible” and that “the larger flashlight makes it easier to see.”135 The observer 

also noted that the lesson used tools, as the observation tool has a section devoted to 

technology and problem solving. She checked off that the lesson had the students 

defining a problem and using a model. On the third version of the lesson, the observer 

noted that, due to a change in lesson design, the students were needed to revise their plan, 
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another NGSS element, elevating this lesson to engineering status, as well as classifying 

the lesson as three-dimensional. The researcher’s review of the recorded lesson, concurs 

with the observer.  The lesson contains elements of all three dimensions, and based on the 

evidence statements the students successfully achieved, it can be considered a 3D 

implementation.  

Lesson 3, Effectiveness of Light, did not have observation tools from the 

participants. However, the researcher’s review of the recorded lesson and the 

transcriptions noted that the lesson had the students constructing an explanation and 

engaging in an argument from evidence.  The evidence statements that were marked off 

allowed for a conclusion that the students could, under the evidence statement 4) Students 

describe how their observations provide evidence to support their explanations, and under 

the reasoning statements, 2) Objects cannot be seen if there is no light to illuminate them, 

but the same object in the same space can be seen if a light source is introduced. The 

presentation of the lesson had students answering questions about why they could or 

could not see the glitter letters based on the light sources output. The teachers’ use of 

questions, and having the students make observations, further assist in reaching this 

conclusion.  The students were provided opportunities to draw and write their 

observations and conclusions about what they saw with a light source, giving all the 

students a chance to tell the teachers what they know.  The conclusion is that this lesson 

did show three-dimensional implementation and was implemented in a three-dimensional 

manner.  

Lesson 4, Communicating with Light, is not only a three-dimensional lesson, but 

it builds on the engineering skills introduced in the second lesson. The students had a 
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problem, they needed to build a communication device to help them communicate with 

outsiders and they had constraints, they could only use five items from a plethora of 

materials. The lesson eventually had a redesign phase as well. The first observer noted 

that the lesson is telling a story and that the story tells the problem of being stuck in a 

mine. The observer listed the lesson as using structure and function, a crosscutting 

concept.  She noted that the students were defining problems, developing, and using 

models, planning investigations, constructing explanations, and engaging in arguments. 

She has check marked that the lesson shows all the evidence statements. She has several 

comments related to the students “focusing the beam to make it smaller and brighter” and 

“the foil will reflect up.”58 Both comments reference the answers the students gave when 

asked a question about why they made a choice of material. The second observer notes 

similar findings, and has checked off all the evidence statements as well. She commented 

that a student group could figure out that more light came from more flashlights.59 The 

researcher’s observation of the lesson, used a modified observation tool that was specific 

to the performance expectations.  The teachers utilized the original observation tool that 

had been designed for 1-PS4-1. It was not realized at the time of the lesson 

implementation that a new one should be created.  The researcher watched recorded 

lessons designed one for the 1-PS4-4 performance expectation. The researcher’s 

observations of the recorded fourth lesson showed that the students were using three-

dimensional learning, as the teachers asked students why they choose a particular item 

and the students responded with their reasoning.  The students were only allowed to use 

five items (and in redesign could exchange two of those items for something new). The 

evidence statements specifically reference, 1) With guidance, students design and build a 
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device that uses light to solve a given problem, and with guidance, students describe the 

scientific information they use to design the solution.  Additionally, the evidence 

statements, 2) Students use only the materials provide when building the device, the 

devices designed could send information over a given distance, and used light to 

communicate were also seen in the data. It can be concluded that Lesson 4, 

Communicating with Light, is not only a three-dimensional lesson, but is also an 

engineering lesson. 

The conclusion that the lessons the participants created were three-dimensional in 

nature was valid. The teachers implemented those lessons in a three-dimensional manner 

within the primary classroom.  The conclusion that the lesson study had an effect can also 

be inferred from the evidence presented; however, it must be noted that the factor of 

mentorship may have been a more significant relationship than the lesson study itself.   

As previously mentioned, the teachers required scaffolding and coaching 

throughout the process. Dotger (2015), and Perry and Lewis (2009) believe that a 

facilitator assists a lesson study by providing guidance on reflection and focusing on the 

student learning. There is some evidence that lesson study may be difficult without a 

coach or a mentor because American teachers are not trained to look at their lessons as 

data to inform on student learning (Fernandez, Cannon, and Chokski, 2003). If the stance 

is taken that lesson study includes mentorship and coaching, then this rural lesson study 

did have an influence on the implementation of three-dimensional learning in the 

classroom.  
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Lesson Study Influence on the Purpose of the NGSS 

The second research question asks, “How does lesson study influence the 

teacher’s perceptions of student learning outcomes and science instruction?” This 

question can be answered through the evidence found in the interviews, peer 

observations, group discussions, field notes, and documents, such as the observation tool 

and the final lessons.   

The findings show that the teachers did develop some level of understanding 

about how the NGSS worked.  All the participants could use the reference material 

successfully, and most of them could at least speak some of the vernacular found in the 

NGSS, such as performance expectations, crosscutting concepts, core ideas, and 

practices.  Each participant at some point used NGSS terminology. The teachers were 

able to show that productive learning had taken place through their ability to verbalize 

their thoughts on the NGSS, whether conceptually or the use of the proper vocabulary. As 

Vygotsky (1978) would have seen it as the use of the scientific concept. However, a 

conclusion that the participants understand the purpose of the performance expectations 

on student learning in science, is more difficult.   

Conceptual Understanding vs Vocabulary Usage. There was an interesting 

discrepancy between the participants that used the correct vocabulary terminology found 

in the NGSS, and the participants that struggled to find the right word.  The teachers in 

their lesson study group, used the correct terminology when using an NGSS resource, 

such as the EqUIP rubric, their final lessons, or the “super guidelines,”124 as Suzie called 

the NGSS books. The participants could recall the term that was needed. However, in 
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interviews often the NGSS terms were used incorrectly or gave the researcher the sense 

that the participant did not fully understand the purpose.  

“To say that someone understands is a subjective judgement which varies with the 

judge and with the status of the person being judged” stated White and Gunstone (1992). 

That statement helps explain the difficulty in answering the second research question.  

The research question asked, if lesson study had an influence on the knowledge of the 

purpose of the performance expectations; therefore, if not conscientious about how 

vocabulary and understanding work together, that could become a judgment about the 

vocabulary used rather than conceptual understanding.  

Gagné (1965) called the ability to follow a procedure without understanding, rule-

following knowledge. Basically, rules can be executed without understanding.   All the 

participants showed the ability to follow the rules of the NGSS; by answering the first 

research question about implementation, that conclusion can be reached. However, it 

required more thought to determine if there was an understanding of the purpose of the 

performance expectations. 

Amy spoke successfully about the NGSS being “meaty”198 Even though she does 

not use the terminology, one can see that she is saying that NGSS lessons must be about 

depth, not breadth. The students, in her new mindset, take the learning from one lesson to 

another, building understanding. Her view had always had a hands-on style, but she 

admits tending to guide the students.148 With her increased attention to the NGSS 

materials and lesson design, she has a better understanding of lessons working together 

towards the students’ conceptual understanding. Amy instituted her own three-
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dimensional lesson independently as the school year ended. The lesson was about the sun 

and the Earth’s rotation. The lesson she spoke about showed that she used the concepts of 

the Framework (2012) and the NGSS (NGSS Lead States, 2013) by having the students 

walk around the sun, and later draw a model, so she could check for understanding. This 

was one lesson she designed to meet the performance expectation 1-ESS1-1. She did 

additional lessons to meet the performance expectations, building on the students 

understanding of perspective from Earth.  Therefore, even though she may not be able to 

state that the performance expectations are goals that reflect what a student should be 

able to know and do (NGSS Lead States, 2013), Amy has some understanding beyond 

just using the rules. Her conceptual understanding of the NGSS is still novice, and will 

need more professional development to become more familiar with ideas like phenomena 

and storylines. However, for this study, a conclusion can be made that Amy has 

developed a basic understanding of the NGSS, and the purpose of the performance 

expectations. 

Mary has the largest vocabulary, and used the terminology correctly much of the 

time. Her interviews utilized all three dimensions in her answers to questions and she 

even recognized when she misspoke and added the performance expectations as one of 

the dimensions. Mary does not have a class of her own, so she could not have 

demonstrated an NGSS lesson after the lesson study’s conclusion, even if she had wished 

to create one.  Her answer to what an NGSS lesson might look like, helps guide whether 

she understands the vocabulary or the concept. Mary believes that you use the 

performance expectations and she understands that there will be multiple lessons to reach 

those performance expectations.  Mary grasps the concept of the evidence statements and 
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she knows the students need to express the evidence statements, if a lesson was to be 

deemed effective. Mary can clearly state that students should learn with activities aligned 

to the NGSS standards. Mary has an excellent vocabulary and it can be concluded that 

she understands how the NGSS and three-dimensional learning work.  Her clear 

understanding of the evidence statements may be because of her special education 

background, thus allowing her to understand that evidence is how a teacher knows a 

student is learning. Mary frequently offered helpful suggestions to the group. Often about 

how altering a question or an activity, would elicit the responses that would tell the group 

if the students were meeting the goals of the lesson. Her last phrase, in the answer to the 

question on what a 3D lesson might look like in her classroom, helped determine her 

understanding. “We could tell they were learning because of…did they meet the 

performance expectations.”197   

Kori believed she does not know what the three-dimensions are in her last 

interview.  With her final lesson in hand as a guide, she could reference the three 

dimensions. She believed that the science and engineering practice for her lesson was 

almost identical to the performance expectation for her lesson.  She was correct. The 

practice for her performance expectation, is use tools and materials to design and build.  

The performance expectation is use tools and materials to design and build a device that 

uses light or sound to solve the problem of communicating over a distance. However, she 

would not have had that prompting without her final lesson in her hand. It may be that the 

only reason her lesson had the three-dimensions, and the performance expectation listed, 

was it was required by the state PD. It can be concluded that when she had the books and 

resources, as a scaffold, she could determine how the performance expectation and the 
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practices relate. Later in the interview, when asked how to design a 3D lesson, she 

reverted to minimal understanding, only focused on the lessons the group designed. She 

believed that designing a 3D lesson would mean more hands-on and engineering. 

However, Kori did continue to implement science in her classroom after the lesson study 

concluded; unfortunately, she did not reference any lesson in her final interview. The 

scaffolding that Kori required led to the conclusion that she gained knowledge in how the 

resources can help and that the NGSS can organize a lesson around the three-dimensions. 

However, it cannot be concluded that Kori has a conceptual understanding of the 

integration of the three-dimensions, and the relationship to the performance expectations.  

The last participant, Suzie, defined the NGSS as a guideline and a way to organize 

her lessons. Suzie had a decent vocabulary and used the terminology when interviewed. 

When asked how she created her three-dimensional lesson, Suzie references the NGSS 

resources and notes that the expectations and the crosscutting concepts are what she is 

aiming for in a lesson.124 Suzie believes that the resources and the three-dimensions are a 

great way to organize her lessons. Interestingly, Suzie may grasp the concept that the 

expectations allow for the bundling that is present in many NGSS resources today. Suzie 

says in her final interview that the performance expectations are not “black and white.”210 

She references that the she can choose what fits into her lessons. This is not an easy 

concept, as frequently the performance expectations are the “standard” that must be 

adhered to rather than the final product that shows evidence of what the child knows and 

can do.  For Suzie, it was the core ideas and the crosscutting concepts that were novel for 

her in science.  She believed that teachers always did the practices and the performance 

expectations.  These types of statements lead one to believe she may not have a complete 
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understanding of the NGSS and her ability to utilize the terms makes it appear that she 

knows what she is talking about when she may not actually have a conceptual 

understanding.  When looking at Suzie’s thinking on how students should learn science, 

to find out if she had a better understanding, she mentioned that she will need to do 

multiple lessons and that she may not have the time to implement the NGSS. She does 

not provide any more insight into what she may know about the performance 

expectations. Therefore, the conclusion from the available evidence is that Suzie has a 

rule-based understanding of the NGSS and the purpose of the performance expectations, 

but not a conceptual understanding. With additional training, she should be able to use 

the scaffolding she has built with the vocabulary and bridge the information she is 

missing.   

For two of the participants Amy and Mary, it can be concluded that they have 

knowledge of the purpose of the NGSS performance expectations, and its relationship to 

student learning. It appears that more productive learning took place for them as they 

show internalization, as well as the ability to verbalize, either conceptually or using the 

scientific construct, the purpose of the performance expectations. The lesson study, and 

its mentorship component, assisted in the change in understanding.  For the other two 

participants, Kori and Suzie, the conclusion reached was that both increased their 

vocabulary and science pedagogy; however, there was not enough evidence to support 

that they had a conceptual understanding of how the performance expectations related to 

student learning.  
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Lesson Study as a Place for Productive Learning 

The overarching research question asks, “To what extent does the use of lesson 

study influence primary grade teachers’ implementation of the Next Generation Science 

Standards?” This question can be answered through the evidence found in the researcher 

observations, group discussions, interviews, and the documents pertaining to the 

teacher’s original vs. final lessons. 

Not all the research questions had positive outcomes; however, that does not 

mean that productive learning did not take place. Some of the teachers grew in 

understanding of best practices for science teaching.  The productive learning that took 

place during the lesson study sessions, whether scaffold by the participant researcher and 

mentor, or independently by the group, establishes that the lesson study ensemble helped 

the teachers look at different methods of solving problems or creating lessons. The 

evidence that the lesson study provided opportunities for productive learning, and 

changes to thinking and practice will be explored. 

The overarching research question examined the extent that the lesson study had 

on the participants implementing the NGSS. Several important findings for this study 

emerged between the participant discussions during the lesson study and the 

implementation of the NGSS in the primary classroom. As was shown in the results of 

the cross-case analysis, there was evidence of productive learning. The participants 

engaged in conversations that allowed them to bridge their current understanding to 

create new understanding. In the group discussion about choosing a light source, Suzie 

suggested letting the students choose.  Then Mary’s single comment about which light 

source the students choose might tell the group what level the students have gained an 
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understanding of light assisted Amy in her efforts to decide. At first Amy simply laughs it 

off and says “I would hope.”  She was unsure why Mary’s comment was a good idea 

until she had time to think about it. But Mary’s statement helped Amy make observations 

during the lesson that guided her to a higher level of understanding.   During her 

observations, she looked for what light source the students choose, and it was important 

enough for her to reference it in her final interview. When questioned about when she 

began to think in terms of student’s discovering on their own, she says, that through the 

student conversations and discussion, she could determine that the lesson had been 

successful in reaching its goals. Mary helped Amy grow in understanding of what it 

meant to allow the students to show you what they know and can do. Mary’s statement 

presented a bridge for Amy to build upon. Bridging often establishes a new perspective 

and affects the way a person thinks (Granott & Parziale, 2002). Mary helped Amy with 

developing her ideas on student’s choosing rather than the lesson being more teacher 

centered, and guiding the students, as Amy said she was inclined to do. The idea that 

students should be able to choose their light source for their device, since they had an 

experience with choosing a light source a couple of weeks earlier, helped Amy expand 

her thoughts on what it meant to guide student learning. Loucks-Horsley et al.(2003) 

suggest that working with peers can bring about changes to a teacher’s practice. Amy 

allowing the students to choose the light source made the lesson more NGSS friendly, as 

the students determined for themselves what amount of light would be effective.  

The mentorship component of the lesson study was important as well, especially 

considering the complexity of the NGSS. The researcher/mentor was a perceived expert 

for the group.  As stated, the researcher/mentor is by no means a absolute on the NGSS; 
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however the researcher/mentor does have several more NGSS experiences to model and 

assist in scaffolding or bridging three-dimensional learning. As was shown in the results, 

Mary needed assistance with making the cause and effect piece more explicit in Lesson 2, 

Light Illuminates. The researcher/mentor asked her about the predictions in her lesson, 

and if enhancing that would help her lesson. In her final interview, she showed that that 

she built upon the bridge provided by the researcher/mentor, and improved the lesson 

making it more three-dimensional. Mary used “I guess,” as she completed her statement 

about the change in questioning of the students. Bridging can be identified in many ways, 

including incomplete sentences, the use of “I don’t know” or “I’m not sure,” and using 

vocabulary incorrectly (Granott & Parziale, 2002). The change she made in the 

questioning, even though she was unsure about her purpose, became a place where she 

made observations during the new version of the lesson. The observations were turned 

into a discovery that children could identify, for themselves what helped them to see. In 

her words, “they could figure it out on their own,”151 The mentorship piece of lesson 

study and the interactions with her peers helped Mary, as it helped Amy. Peer 

collaboration can help to change instructional practices (Sandholtz & Ringstaff, 2014). 

The lesson study interactions assisted in changes made to Mary’s final lesson. By 

changing the question, the students took their predictions, and looked for evidence during 

the lesson. This led to the students identifying what light source they would need to see 

inside the box.  

The bridge that Amy and Mary created directed their actions and gave them focus 

for observing during the lesson presentations.  The bridge acted as a vessel that needed 

more information. As Granott, Fisher, and Parziale (2002) suggested, the learner creates a 
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“shell” that provides a scaffolding for new knowledge to be created. Bridging is also an 

“attractor” by creating empty spaces that need to be filled with information.  The bridge 

becomes the impetus to make observations, interpret information, and create or expand 

on concepts (Granott & Parziale, 2002). Through discussions, verbalizations and 

socialization within the group, the teachers bridged towards internalization and mastery 

of three-dimensional learning and in some cases developed an understanding of the 

performance expectations. By talking and thinking about the NGSS in a social 

atmosphere, such as lesson study, one can say that changes in thoughts lead to changes in 

practice, and changes in practice leads to changes in thoughts (Haney et al., 2002). By 

looking at the social aspects of productive learning, one can understand where new 

information might begin to take form. 

Granott (2011) found that usual ways analyzing learning and development did not 

look at the group learning, and tended only to look at the development of the single 

individual. In social situations, such as a lesson study, all the participants bridge 

knowledge. Participants can also self-scaffold, spontaneous construction of a bridge to 

help their own learning and development (Granott, Fischer, & Parziale, 2002).The 

findings on Kori’s self-scaffolding suggested that she benefited from the conversation on 

how to avoid younger students copying and considered how younger students have 

knowledge they would like to use if they could just express themselves. She would have 

been verbalizing her new thinking and through that process assisted in Kori in bridging 

towards a modified thinking.  Kori had a strong sense that listening to primary children 

was important, and her first interview showed that she felt listening was a method to 

guide where she wanted to go in her next lesson. Many primary teachers would probably 
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hold a similar belief. However, by the end of the lesson study, Kori expanded her 

thinking to include thoughts that students may not be able to express what they know. It 

is a very small change, but takes the student learning out of her hands, “I know the next 

step”153 and moved it to what do the students really know, “they had ideas but for a lot of 

them it was hard to create.”154 Kori attempted to grow her own understanding of how a 

primary student tell a teacher what they know and can do. When a teacher understands, 

what students know and can do, the teacher can design three-dimensional lessons that 

move the students to a new understanding.  

The findings showed that Suzie self-scaffolded information on how she questions 

students. Suzie used to just ask questions about what the student learned, she now feels 

that a question about what a student sees, why you see something, and so forth is far 

more effective than a ‘what did you learn’ question. Her scaffolding helped her determine 

that the “set up” of a question can be effective as soliciting the information a teacher 

needs to provide evidence of learning. Additionally, Suzie found that pictures and 

drawings could provide assessment evidence for science. Suzie’s tendency was to think 

that assessments are only found in the computerized programs so prominent in the 

district. Suzie linked the questions asked to the outcomes the children produce, drawing 

or writing, as evidence of student learning. She gained this knowledge from the debate 

during a discussion on the third lesson, as she verbalized her thoughts. The social 

influence of the group discussion helped her figured out that if the lesson was focused on 

the effectiveness of the light source, the teachers did not need to worry about how far 

away the light was or how many items the students tried to find. Unfortunately, she never 

goes quite far enough in her interviews to provide evidence that she understood how to 
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use the evidence statements in conjunction with her thoughts on science questioning and 

assessing techniques. However, these are bridges that she can build upon in the future. 

There are many types of bridges that can occur in microdevelopment. These 

different bridges are often used together during conversations. Using these different 

bridges can explain how people take the older idea and adapt it to the new learning. The 

lesson study environment allowed multiple opportunities for bridging to occur.  Without 

the structure of the lesson study environment, this productive learning may not have 

taken place spontaneously; simply because the teachers work at the same school.  Lesson 

study provided a place for the interaction.  A place where productive learning and 

microdevelopment can develop, so that changes to classroom practice can take place.  

Instituting Rural Lesson Study 

Recommendations 

Professional development in science should have active participation in analyzing 

student work and effective classroom instruction, be content focused, be aligned with 

policy and practices, and have a sufficient duration to allow repetition, reflection, and 

improvement (National Academies of Sciences & Medicine, 2015, p. 156). Lesson study 

provides this, not just to rural districts, but to suburban and urban areas as well. However, 

it may be particularly useful for rural areas of the country as it may be the only method 

rural teachers have of overcoming their isolation from peers. While lesson study is 

similar to other professional learning communities, lesson study specifically looks at the 

development of lessons that meet particular student learning goals. Rural teachers do not 

often have the structure available within their district where a PLC might take place; 
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however, a good lesson study frequently does not have many members (Teele, Maynard, 

Marcoulides, 2015). Therefore, rural districts are poised to take part in a style of PD that 

will not only bring collaboration to rural teachers that urn for it (Glover et. al., 2016), but 

also allow the teacher to grow in a productive learning environment.  

Lesson study is a complex process that Japan has used for over 50 years. Japanese 

teachers use lesson study as a method to research, collaborate, reflect, and improve 

lessons for use within the classroom. Lessons are jointly planned, observed, discussed, 

and refined (Lewis, 2000).  For years research has suggested that professional 

development should not be “one-shot” (Wei et al., 2009). While many recent PDs on 

science, in this western state do not take place over a single day, they are not styled after 

the collaboration that one finds in lesson study. Frequently there is a summer institute, or 

online content development portion, and a few days of training throughout the year.  This 

is not wrong. It is done out of necessity due to the lack of available mentors and coaches. 

However, the findings in this study suggest that a lesson study approach can make 

changes to a rural teacher’s implementation of the NGSS. Through peer development and 

productive learning, rather than professional development, effective change may take 

place. The benefits from PLCs and lesson study, especially when implementing new 

curriculum, are ways of fostering peer collaboration (Sargent and Hannum, 2009). Peer 

collaboration allows for productive learning that is needed to tackle new problems, 

standards, and curriculum. Teachers should be encouraged to work together and support 

each other as new reforms require new approaches to lessons.  

The literature suggests, and this study found, that lesson study in America will 

need a mentorship component, time to implement, focusing on improvement, and the 
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presence of students during a lesson (Fernandez, 2002, Fernandez & Zilliox, 2011, 

Fernandez et. al., 2003, Lewis, 2002, Lewis & Perry, 2004, Margolis, Durbin, & Doring, 

2016, Ono & Ferreira, 2010, Rock & Wilson, 2005). While there are many connections 

that could be made between these rural teachers and any group small group of teachers, 

there is a distinct need to find a professional development option that can work for rural 

teachers attempting to understand the complexities of the NGSS. Therefore, a rural lesson 

study to improve NGSS understanding should contain: 

• Collaboration on lesson design 

• Access to NGSS Resources 

• Time within the school day or release time 

• Focus on improvement 

• Lessons presented multiple times to students 

• Peers observe the lessons to provide feedback 

• A mentor strong in content and implementation 

• Leadership support of the process 

Lesson study may not be the answer for every American elementary teacher 

attempting to implement the NGSS. However, it contains many essentials that will help 

teachers develop best practices in all the subjects.  Lesson study urges teachers to think 

about student goals.  It supports teachers in designing lessons to reach those goals.  It 

helps teachers build their content knowledge and fosters improved pedagogical skills.  

Lesson study encourages teachers to evaluate their students, look for evidence of 

learning, and to reflect on what comes next. Lesson study requires teachers to be 

receptive to reflection, collaboration, and inquiry (Lewis, 2002). This would be a 
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requirement whether the lesson study was in a rural or an urban area. However, rural 

teachers often find themselves with little to no chance for reflection on their pedagogy, or 

metacognitive development of why they do what they do in a lesson. Therefore, lesson 

study can be the help that rural teachers need to improve student learning through 

collaboration and collegiality. Lesson study allows for productive learning to take place 

by using colleagues willing to work together towards a common goal; better instruction 

for students. 

Barriers 

Lesson study will not be easy to implement, whether in a rural or urban district, 

and rural schools by nature do not have the release time or the personnel to allow for 

collaborative time during specials. This barrier must be overcome through the concerted 

effort of administrators being willing to utilize in-service and early release time as 

intended. Presenting lessons to multiple groups could also be a problem for rural and 

urban areas. While this school was willing to mix their grade levels to accomplish the 

multiple lesson presentations, this may be difficult for many rural districts. However, 

since rural teachers frequently desire collaboration, perhaps that may assist in 

overcoming this barrier.  The desire to work with colleagues may allow for creativity in 

manipulating the daily schedules, as it did with this group. A byproduct of teaching 

lessons multiple times will be increased self-efficacy and science pedagogical content 

knowledge, which can lead to increased science instructional time.  Many rural districts 

may not have access to a mentor that would have the background needed for successful 

implementation.  However, if one considers that a perceived expert, which is a version of 

Bandura’s identification ideas, then a mentor could be someone that has received some 
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level of NGSS training, enough to help the group bridge new information. From that 

starting point, using resources available, the group could continue to build bridges and 

develop conceptual understanding.  As stated, the participant researcher was not an expert 

in the NGSS; simply having a little more knowledge than the participants because of 

NGSS workshop attendance. Honestly, the mentor gained a great deal of new knowledge 

while working with the participants. Lesson study frequently allows the mentor to learn 

alongside the mentee (Lee, Ko, & Lo, 2012).  If the other teachers identify that the 

mentor has more knowledge, it should be a successful application of a perceived expert. 

Strong leadership and willing teachers will be able to overcome these difficulties.  

Unfortunately, there is one barrier to utilizing this collaborative and productive form of 

professional development that may not be insurmountable.  

Time required to implement is one barrier that may not be able to be overlooked. 

This would be a statement that could be made for both rural and urban districts. As stated 

the NGSS is a complex set of expectations that will require a great deal of professional 

development to implement successfully (Bybee, 2013). The purpose of the performance 

expectations, and how the expectations relate to the three-dimensions is only the first 

level of understanding for the NGSS. Three-dimensional learning requires teachers to 

connect the performance expectations of the NGSS to classroom instruction (Pellegrino 

et al., 2014). Lessons should be implemented based on the purpose and outcomes the 

teacher is trying to achieve (Loucks-Horsley et. al., 2003). 

Implementing the NGSS will take a significant amount of time, regardless of 

whether lesson study is the method that a district, or a group of teachers, chooses as their 

PD.  The NGSS will take years to implement successfully. As teachers begin to realize 
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the scope and depth of the teaching and learning, a final inhibitor to implementation may 

be unsolvable, because it will be a choice by the teacher.  

Suzie was probably the most intuitive with what an average elementary teacher 

might be thinking when presented with the NGSS.  Her comments start with “We’re so 

focused on testing” and ends with “I think my biggest thing is that it takes more time.”141 

While not specifically saying she will not teach science, she is implying that she may not 

have the time for NGSS implementation because it takes too much time from her focus 

on testing.  Her second-grade students are not in a tested grade.  So, what might the 

thoughts be for an upper elementary teacher?  Suzie’s concerns are valid. If teachers are 

to be evaluated on test scores and those scores are only related to math and language, 

where is the room for science?  

All the teachers believed that the time they spent together was valuable, but how 

long will a teacher want to continue giving up personal time to dig deep into a complex 

set of expectations for a subject that it seems is not valued by administrators, the state, or 

even the union?  A completely different mindset must be cultivated if teachers, 

administrators, legislators, and stakeholders, are to see the true value of the performance 

expectations, three-dimensional learning, and the NGSS.  

Future Research 

This study investigated four rural teacher’s abilities in three-dimensional learning 

after spending several months in a modified lesson study that focused on the Next 

Generation Science Standards. Participants in the study exhibited the ability to plan and 

implement four three-dimensional lessons. However, not all the participants 
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demonstrated knowledge of the purpose of the performance expectations found in the 

NGSS. All the participants enjoyed working with their colleagues and expressed interest 

in continuing in the upcoming school year; however, when the school year approached, 

there was not as much fervor to really find the time in the teachers’ busy days. The results 

of the research showed a need for additional research into how lesson study creates long 

term change in a teacher’s science pedagogy, lesson study’s use in other school settings, 

how lesson study compares to other NGSS PD, investigate the elements of the lesson 

study (peer input and mentorship), and how lesson study might impact pre-service 

teachers.  

This rural-based case study took place over several months, and changes were 

seen even after the lesson study ended.  The changes seen may or may not be permanent 

changes to practice. Following the participants into the future, in a longitudinal study of 

their science teaching would be an interesting follow up study. If the teachers were to 

continue with their lesson study group, it would be interesting to see if the teachers begin 

to develop focus on phenomena and storylines, another level of the NGSS. If the 

mentorship component was removed and the teachers only used the NGSS resources and 

the lesson study model, would the outcomes changes? Or if the mentorship was the only 

piece, and one removes the lesson study collaborative focus and feedback, would change 

the outcomes?  

Lesson study research in this area should also include repeating the lesson study 

with a larger group of in-service teachers.  A future study should be done in suburban 

and/or urban schools as well. This might help determine if the lesson study model would 

be effective in many school districts rather than just rural districts lacking in professional 
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development. Additionally, the lesson study model of peer review, feedback, and 

reflection, should be compared to other peer review models that practice a more 

traditional approach to PD; summer institutes followed by a couple of PD days 

throughout the year.  

A final area might be to look at doing a lesson study on the NGSS with preservice 

teachers to see if they produce three-dimensional lessons and gain knowledge of the 

purpose of the performance expectations. Lesson study is traditionally used with in-

service teachers. To have pre-service teachers come together, observe lesson attempts, 

and provide real-time feedback on what was observed, would further explain if peer 

development assists in productive learning.  

Limitations 

This case study explored the implantation of three-dimensional learning in the 

primary classroom and lesson study’s influence on the purpose of the performance 

expectations. The participants completed several months of lesson study on the NGSS 

that had a significant mentorship piece. As with qualitative methodologies, a case study 

contains limitations must be brought forward so there is a clear view of what the case 

study data provided to the overall science education literature.  

There were limitations for this study, including the small sample size and the 

familiarity of the researcher and the participants. The exploratory nature of the study 

showed that the teachers enjoyed the collaborative time; yet it must be stated that the 

participants could easily have been trying to please the researcher with their comments 

about how much they enjoyed working together. While the participants were purposefully 



Texas Tech University, Camille T. Stegman, May 2017 

223 

selected because they represented how many rural school districts are structured, the 

close relationship between the participants and the researcher may have an impact on the 

data; especially related to their overall enjoyment.  

A delimitation of the study was the mentorship that was provided by the 

researcher.  The mentorship component had a direct impact on the results. While the 

accuracy of the data was increased because of the constant contact of the researcher and 

the participants, the researcher’s relationship with the participants may have created bias. 

Yin (2013) pinpoints several issues created by the participant researcher, many of the 

issues are in potential bias. The participants considered the researcher as a member of the 

group, as the mentor. The researcher mentored the participants on the NGSS throughout 

the entire study. The lack of content knowledge and basic understanding of the NGSS 

required continuous mentorship. This may have potentially led to observations not being 

as effective because the participant role took time from the researcher role (Yin, 2013). 

However, with all group sessions being recorded, bias was lessened. Nonetheless, it 

needs to be considered a delimitation.  

Lesson study frequently contains a component of mentorship, usually a content 

expert (Stepanek et al., 2006). Fernandez and Zilliox (2011) cite the importance of 

coaching during the lesson study process. Additionally, the earlier study by Fernandez, 

Cannon, and Chokski (2003) suggested that lesson study in the United States will require 

significant coaching because American teachers lack the research background that 

Japanese teachers are trained to utilize from the beginning of their teaching experience.  

It is necessary to consider when drawing conclusions that the mentorship part of the 

lesson study had an impact on the participants.  While the mentorship component 
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delivered allowed for in depth conversations with the participants, it also resulted in the 

researcher contributions to the events. These contributions may have influenced some of 

the participant’s perceptions because of the researcher’s belief that 1) The NGSS is an 

effective and rigorous method of teaching science and 2) Productive learning is important 

to change in behavior, attitude, and beliefs.  

Summary 

This research study, data collection and analysis, suggests that lesson study can 

have an influence on a teacher’s implementation of the Next Generation Science 

Standards, and the associated three-dimensional learning. The lesson study provided a 

space for productive learning to take place. The co-creation of knowledge and bridging, 

in productive learning, allowed for new ideas and growth of the teacher’s science 

pedagogy.  While not all the participants grew in their understanding of the performance 

expectations and their relationship to the NGSS and the three-dimensions, there was 

some level of growth for everyone, even if it was only in the rule-following realm. The 

growth shown could still lead to further development, as it too is a bridge for future 

learning.  

Epilogue 

Two of the participants chose to continue with NGSS professional development in 

the spring of 2017, a year after the study to place.  The researcher found a local 

professional development that would focus on NGSS science kits.  The professional 

development was not a lesson study, or focused on much peer collaboration.  The state-

run professional development group was to designed with an introductory meeting, a 

demonstration meeting of the NGSS kits, and a final session after the teachers use the kits 
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in their classroom.  The two teachers that attended stated to the researcher upon their 

return from the first meeting that they felt so much more prepared to teach three-

dimensional learning because of the lesson study. Both stated that the teachers next to 

them in the training, were confused as to what the NGSS was all about and struggled to 

grasp the connections.  As the PD trainer started to discuss the NGSS, the three-

dimensions, and the performance expectations these two rural teachers felt ready to 

expand their knowledge and understanding because they had already begun to develop 

their abilities in three-dimensional learning. 
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APPENDICES 

Appendix A 

Interview #1 – Teacher Interview 

Title: “Developing Teacher’s Abilities and Understanding of the NGSS and Three-Dimensional 

Learning.” 

Interview #1 – Teacher Interview 

Participant Name:____________________Date:_________School:______________________ 

Introduction: I wanted to thank you for taking the time to talk to me today.  I will be recording 

and transcribing our conversation. The transcription will be a verbatim representation of our 

conversation. After I have transcribed those notes, I will be asking you to review the transcription 

as a member check.  I want to make sure that I have accurately represented our discussion; 

therefore, I will want you to review it to make sure I have captured your thoughts and perceptions 

accurately.  

Your participation in this interview is completely voluntary.  You may skip any question you do 

not feel comfortable answering.  You can stop at any time. You are free to leave any time you 

wish. Your name will not be linked to any documentation and any materials used in reports, 

publications, or presentations will have a pseudonym assigned to your data. All related 

documentation will be stored in the researcher’s office at home and on a password protected 

computer. 

My focus for this interview is your understanding of the innovative concept within the 

Framework for K-12 Science Education known as three-dimensional learning, as well as your 

perceptions of science instruction and assessment.  

I would like you to take a few minutes to review the questions I am going to ask you so that you 

may respond candidly.  I am interested in your perceptions. I may ask some clarification 

questions that are not listed in an effort to develop a complete picture of your viewpoint.  

The closed ended interview questions are going to focus on your job, education, and employment 

history.  

1. What is your name and what grade you teach? How long have you taught that grade 

level? 

2. Where did you receive your college education and what degrees did you obtain? 

The open-ended questions will assist in focusing our discussion on your thoughts and views of 

science three-dimensional teaching and learning, as well as science instruction and assessment. 

1. What does science instruction look like in your classroom? What might I see? What is 

your role? What is your student’s role? 

2. In your view, how should children learn science? 

3. How do you design your science lessons? What guides you? How do you evaluate your 

lessons? Can you me how you reflect on your lessons? 

4. How do you know if your students understand? What do you look for? Can you tell me 

how you reflect on your students’ understanding?  

5. Can you tell me what you think three-dimensional learning means to you? 

6. Can you describe what three-dimensional learning might look like in your classroom? 

Can you tell me how you know your students are learning in three-dimensions?  
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Appendix B 

Interview #2 – Teacher Interview 

Study Title: “Developing Teacher’s Abilities and Understanding of the NGSS and Three-

Dimensional Learning.” 

Interview #2 – Teacher Interview 

Participant Name:______________________Date:______School:_____________________ 

Introduction: I wanted to thank you for taking the time to talk to me today.  I will be recording 

and transcribing our conversation. The transcription will be a verbatim representation of our 

conversation. In addition, I will be taking notes about my interpretations of our conversation. 

After I have transcribed those notes, I will be asking you to review the transcription as a member 

check.  I want to make sure that I have accurately represented our discussion; therefore, I will 

want you to review it to make sure I have captured your thoughts and perceptions accurately.  

Your participation in this interview is completely voluntary.  You may skip any question you do 

not feel comfortable answering.  You can stop at any time. You are free to leave any time you 

wish. Your name will not be linked to any documentation and any materials used in reports, 

publications, or presentations will have a pseudonym assigned to your data. All related 

documentation will be stored in the researcher’s office at home and on a password protected 

computer. 

My focus for this interview is how the lesson study process is influencing your carrying out of the 

innovative concept within the Framework for K-12 Science Education known as three-

dimensional learning, as well as your perceptions of science instruction and assessment.  

I would like you to take a few minutes to review the questions I am going to ask you so that you 

may respond candidly.  I am interested in your perceptions. I may ask some clarification 

questions that are not listed in an effort to develop a complete picture of your viewpoint.  

The open-ended questions will assist in focusing our discussion on your thoughts and views of 

science three-dimensional teaching and learning, as well as science instruction and assessment. 

1. How has the lesson study process been working for you?  How do you think the other 

participants feel about the lesson study? 

2. Is the lesson study helping with implementing three-dimensional learning? Can you 

describe how the work you are doing in the lesson study is assisting your understanding? 

3. What does science instruction in your classroom look like? What might I see if I were in 

your classroom? What is your role? What is your student’s role? 

4. In your view, how should children learn science? 

5. Can you describe how you designed your three-dimensional science lesson(s)? What 

guided you? How did you evaluate the lesson(s)? Can you me how you reflect on your 

lesson(s)? 

6. How do you know if your students understand? What do you look for? Can you tell me 

how you reflect on your students’ understanding? 

7. Can you tell me what you think three-dimensional learning means to you? 

8. Can you describe what three-dimensional learning might look like in your classroom? 

Can you tell me how you know your students are learning in three-dimensions? 
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Appendix C 

Interview #3 – Teacher Interview 

Study Title: “Developing Teacher’s Abilities and Understanding of the NGSS and Three-

Dimensional Learning.” 

Interview #3 – Teacher Interview 

Participant Name:_____________________ Date:______School:____________________ 

Introduction: I wanted to thank you for taking the time to talk to me today.  I will be recording 

and transcribing our conversation. The transcription will be a verbatim representation of our 

conversation. In addition, I will be taking notes about my interpretations of our conversation. 

After I have transcribed those notes, I will be asking you to review the transcription as a member 

check.  I want to make sure that I have accurately represented our discussion; therefore, I will 

want you to review it to make sure I have captured your thoughts and perceptions accurately.  

Your participation in this interview is completely voluntary.  You may skip any question you do 

not feel comfortable answering.  You can stop at any time. You are free to leave any time you 

wish. Your name will not be linked to any documentation and any materials used in reports, 

publications, or presentations will have a pseudonym assigned to your data. All related 

documentation will be stored in the researcher’s office at home and on a password protected 

computer. 

My focus for this interview is how the completion of this lesson study may have changed your 

views of three-dimensional learning, as well as your perceptions of science instruction and 

assessment.  

I would like you to take a few minutes to review the questions I am going to ask you so that you 

may respond candidly.  I am interested in your perceptions. I may ask some clarification 

questions that are not listed in an effort to develop a complete picture of your viewpoint.  

The open-ended questions will assist in focusing our discussion on your thoughts and views of 

science three-dimensional teaching and learning, as well as science instruction and assessment. 

1. Has the way you teach science to your students changed over the past several weeks? 

2. If there has been a change in your science instructional methods, can you identify the 

cause of that change? If there has been no change in your science instructional methods, 

have you made any changes to how your instructional methods and if so can you identify 

the cause of the change? 

3. How should children learn science? How do you come to that understanding? 

4. Can you describe how you designed your three-dimensional science lesson(s)? What 

guided you? How did you evaluate the lesson(s)? Can you me how you reflect on your 

lesson(s)? 

5. How do you know if your students understand? What do you look for? Can you tell me 

how you reflect on your students’ understanding? 

6. Can you tell me what you think three-dimensional learning means to you? 

7. Can you describe what three-dimensional learning might look like in your classroom? 

Can you tell me how you know your students are learning in three-dimensions? 

8. What are your thoughts about the lesson study process?  
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Appendix D 

Observational Tool  

Lesson Observed:_______________________ Date: ____________ Time:______ Grade:_____ 

Performance Expectations Lesson is working towards:_________________________________ 

ACTIVITIES: 
 
 
 
 
 
 
 
 

Describe Student 
Activities 

This lesson provides opportunities 
for specific Scientific Practices to be 
used:  

 
(Please check) 

This lesson provides 
opportunities for a specific 
Engineering Practice to be used:  

 
(Please Check) 
 

 

_____ Asking Question/Defining       
           Problems 

_____ Defining Problems  

_____ Developing and Using  
           Models 

_____ Developing and Using  
           Models 

 

_____ Planning and Carrying Out  
           Investigations 

_____ Planning and Carrying Out  
           Investigations 

 

_____ Using mathematical and  
           computational thinking 

_____ Using mathematical and  
           computational thinking 

 

_____ Constructing explanations _____ Designing Solutions  
_____ Engaging in argument from  
           evidence 

_____ Engaging in argument from  
           evidence 

 

_____Obtaining, evaluating, and  
          communicating information 

_____Obtaining, evaluating, and  
          communicating information 

 

This lesson provides opportunities for specific Cross Cutting Concepts to 
be used:  
 

(Please check)  
 
_____ Patterns 
_____ Cause and effect 
_____ Scale and proportion 
_____ Energy and matter 
_____ Stability and change 
_____ Systems and system models 
_____ Structure and function 
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This lesson provides opportunities for specific Disciplinary Core Ideas to 
be used:  
 
(Please Specify which Core Ideas) 

 
(This example comes from 1-PS-4-2)  

Electromagnetic Radiation: 
Objects can be seen if light is available to illuminate them or the give off their 
own light 
  

 

 

 

 

 

 

 

 

 
Observable Features within the lesson (use NGSS Evidence and Explanation Statements) 

 
(This example comes from 1-PS 4-2 evidence statements and can be bundled with others as needed for 
the lesson taught.  IF the lesson is reaching the expectations, these items should be observable.) 

  
Articulating the explanation of phenomena: 
 
 ____Students articulate a statement that relates the given phenomenon to a scientific idea, including  
         that when an object in the dark is lit (e.g., turning on a light in the dark space or from light the       
         object itself gives off), it can be seen. 
____Students use evidence and reasoning to construct an evidence-based account of the phenomenon. 
 
Evidence: 
 
_____Students make observations (firsthand or from media) to serve as the basis for evidence,  
           including: 
_____The appearance (e.g., visible, not visible, somewhat visible but difficult to see) of objects in  
          space with no light. 
_____The appearance (e.g., visible, not visible, somewhat visible but difficult to see) of objects in a  
          space with light. 
_____The appearance (e.g., visible, not visible, somewhat visible but difficult to see) of objects (e.g., 
           light bulbs, glow sticks) that give off light in a space with no other light. 
_____Students describe how their observations provide evidence to support their explanation.  
 
Reasoning:  
 
_____Students logically connect the evidence to support the evidence-based account of the      
          phenomenon. Students describe lines of reasoning that include: 
_____The presence of light in a space causes objects to be able to be seen in that space. 
_____Objects cannot be seen if there is no light to illuminate them, but the same object in the same  
          space can be seen if a light source is introduced. 
_____The ability of an object to give off its own light causes the object to be seen in a space where  
          there is no other light. 
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Appendix E 

Peer Observational Protocol 

The following protocol guidelines should assist you in offering feedback to the lesson 

study group on the observed lessons.  The lessons were designed as a group and will be 

reviewed in a group discussion. The peer observers should have the Student Observation 

Tool and the designed lesson available to refer to during an observation, so that feedback 

can be specific regarding three-dimensional learning and the student learning outcomes 

that were expected.  

Observing the lesson: 

1. The peer observers should NOT interfere with the natural process of the lesson 

(e.g., by helping students with a problem). However, observers are permitted to 

circulate around the classroom and communicate with students for clarifying 

purposes. Since one outcome of a lesson study is to design an excellent three-

dimensional lessons, the peer observers should be looking for evidence that the 

lesson is meeting its purpose by using the evidence statements.  

 

a. The evidence statements may be used to support the instructional design 

of the lesson, but are not the sole means of measuring whether or not the 

performance expectations have been met. The evidence statements are 

simply an observable way to determine if the lesson is reaching 

expectations or is in need of alteration. The evidence statements do not 

replace or identify an instructional sequence and are not assessments. 

Evidence statements allow an observer to look for evidence that the 

learning towards a performance expectation is occurring (NGSS Lead 

States, 2013). 

 

2. The observers should have the group designed lesson plan to assist in making 

notes, as well as the Student Observation Tool. Both of these will assist the 

observers in focusing on the goals and activities of the lesson. It will also assist in 

group discussion. 

 

3. Observers should distribute themselves around the room so they can determine 

the student learning of as many students as possible.  The students need to be 

identifiable to the peer observers so that the observers can refer to the children by 

name when discussing their observations with the group. 

 

a. Ex: Johnny was able to use the evidence of the glow stick to describe that 

objects can give off light and that light can help people see objects. He 

stated that a pencil would still be in a box even if the box was closed and it 

was dark.  
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Appendix F 

Focus Group Discussions Protocol (Peer Debriefing) 

1. A brief period (15-20 minutes) will be provide for the teacher and the peer observers to 

reflect on their designed lesson independently.  

2. The teacher who taught the group lesson should be allowed to make the first comments 

(e.g., what worked, what did not work, what could be changed about the lesson, etc.). 

3. The peer observers should each speak about what evidence of learning (specific 

evidence from the evidence statements in the Student Observational Tool) did occur and 

give positive feedback on the lesson by using their notes and observation tool. 

Discussions should focus on what went as planned with the lesson.  

4. The peer observers need to give feedback that is related to the goals of the lesson and 

the evidence statements in the observational tool. 

5. After the positive feedback has been delivered, the teacher that taught the lesson 

should be allowed to make the first suggestions for changes to the lesson.  

6. Each peer observer should comment on a specific aspect of the lesson that needs 

adjustment, and then give other peer observers the opportunity to comment on this point 

or related aspects of the lesson.  

7. The feedback, comments, and suggestions should be noted by the teacher that taught 

the lesson. Each member of the lesson study group may take notes on suggestions; 

however, since the feedback is coming from the members that did not teach the lesson, it 

is easier for the teacher of the lesson to record the feedback.  

8. After all positive feedback and suggestions are given the group will begin redesigning 

and modifying the lesson so that the student learning outcomes of the lesson are 

achieved. 
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Appendix G 

Participant Reflective Prompts 

Please keep a reflective journal to assist in analyzing your thoughts about your 

experiences. The experience could be after a lesson was taught or it could be after a 

group discussion.  You should also use your reflexive journal if you are needing to 

process anything regarding the lesson study, designed lessons, or your participation.  It is 

not designed to evaluate any aspect of your participation, although evaluation is evitable, 

a reflective journal assist you in having a conversation with yourself so that your 

conversations with the other participants can be as productive as possible. The following 

questions will help you during your reflective writing:  

Description:  

1. What? Briefly describe the purpose of the session/lesson without interpretation or 

judgement 

a. What was the session/lesson presented? 

b. What did you observe? 

c. Describe the student learning (if entry is following a lesson presentation) 

d. Did anything of significance happen? If so, describe. 

Interpretation: 

2. So what? Please discuss your analyze this session/lesson as well as any thoughts 

feelings or ideas. 

a. What did you learn from the session/lesson that impressed you? 

b. What did you learn from the session/lesson that concerned you  

c. What surprised you in this session/lesson? 

d.  Was the information in the session/lesson consistent with your beliefs or 

prior experiences? Why or why not? 

e.  Has anything changed in your perceptions of student learning or 

assessment because of the session/lesson?  

 Reflection: 

3. Now What? How will you think or act in the future as a result of this experience? 

a. What learning occurred for you in this experience? 

b. How can you apply this learning as you think about your teaching? 

i. Consider teaching science and assessing science 

c. Are there alternative interpretations in this session/lesson design for you to 

consider? 

 


