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ABSTRACT 

Reform documents such as A Framework for K-12 Science Education and the 

Next Generation Science Standards (NGSS) have placed an emphasis on students’ 

understanding and ability to engage in scientific practices. Even with an understanding of 

the importance of engaging students in authentic science practices for informed citizenry, 

much of what goes on in classrooms differs from what scientists do. Elementary teachers 

in particular often feel underprepared and/or uncomfortable teaching science. NGSS-

aligned curriculum materials offer one route to support implementation of scientific 

practices. However, teachers’ beliefs about science influence their planning process and 

how those plans are enacted in the classroom. Thus, if teachers hold inaccurate views of 

science and do not understand the pedagogical rationale for the inclusion of the NGSS 

Science and Engineering Practices (SEPs), they may implement curricula that emphasize 

scientific practices in ways that are inauthentic to how science is practiced. Therefore, it 

is important to understand how teachers conceptualize scientific practices, and how these 

materialize in teachers’ plans for the inclusion of scientific practices in the classroom. 

Findings from this study indicate that the SEPs are included in elementary teachers’ plans 

for instruction, but focus on particular aspects of the practices and in ways that are more 

teacher-driven. Additionally, teachers primarily engage their students in the practices for 

the purpose of assessing student understanding of the content, as opposed to as 

opportunities for student sense-making. These findings have important implications for 

both research and practice. 
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Chapter 1: Introduction 

Reform documents such as A Framework for K-12 Science Education (National 

Research Council (NRC), 2012) and the Next Generation Science Standards (NGSS; 

NGSS Lead States, 2013) have placed an emphasis on students’ understanding and ability 

to engage in scientific practices. More specifically, engaging in scientific practices helps 

students understand how scientific knowledge develops, and prepares them to be critical 

consumers of scientific information as they encounter it in their everyday lives (NRC, 

2012). The NGSS Science and Engineering Practices (SEPs), in particular, represent the 

knowledge and skills necessary for students to be fully engaged in science (NRC, 2012). 

Even with an understanding of the importance of engaging students in authentic science 

practices for informed citizenry, much of what goes on in science classrooms differs from 

what scientists do. ‘Authentic’ here is used to describe student engagement in practices 

that more closely resemble the practices of scientists, and in this particular study, in the 

NGSS Science and Engineering Practices (SEPs), and is not to be interpreted as students 

doing the actual work of scientists. The literature describes considerable differences 

between the way students and scientists engage in science (Chinn & Malhotra, 2002), in 

addition to epistemological differences between school science and professional science 

(Chinn & Malhotra, 2002; Windschitl, Thompson, & Braaten, 2008). Most recently, 

research describes three problems of practice that perpetuates this gap between school 

science and professional science: (1) science as final form ideas; (2) data as the answer; 

and (3) isolated individuals and ideas (McNeill & Berland, 2017). Implementing 

curricula based on these new standards, and engaging students in scientific practices in 

ways that reflect the work of scientists will require support. 
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Literature related to authentic science practices, or science experiences that more 

closely resemble science as it is practiced in the field, demonstrates the ability of these 

experiences to improve students’ content knowledge and understanding of the nature of 

science (Ford, 2008; Roth, 1997). The literature also highlights challenges teachers face 

in implementing authentic science experiences, including teachers’ limited understanding 

of science and science concepts (Bencze & Hodson, 1999; Davis, Beyer, Forbes & 

Stevens, 2011), logistical constraints like time and resources, lack of support from 

teachers’ immediate professional community (Bencze & Hodson, 1999; Chinn & 

Malhotra, 2002; Stuckey, Hofstein, Mamlok-Naaman & Eilks, 2013), as well as the 

pressures of high-stakes accountability (Buxton, 2006). Research has shown that when 

faced with these constraints, teachers concentrate on getting through the content and 

disregard concerns about the nature of science (Bencze & Hodson, 1999). Elementary 

teachers, in particular, may feel underprepared to teach science and as a result, employ 

coping strategies that can present students with an inauthentic view of science (Bencze & 

Hodson, 1999; Davis et al. 2011). For example, many teachers at all grade levels present 

‘the scientific method’ (TSM) as a rigid and universal set of steps to follow as opposed to 

helping students think scientifically (Windschitl et al., 2008). Although research 

demonstrates the ability of authentic science practices to improve students’ content 

knowledge and understanding of the scientific enterprise, teachers face a number of 

challenges and as a result, may implement science practices in ways that are not 

reflective of authentic science. Thus, an understanding of teachers’ ideas about science 

practices are critical in achieving the intent of new reform efforts.  
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Study Rationale 

NGSS-aligned curriculum materials offer one route to support implementation of 

scientific practices. However, teachers’ beliefs about science influence their planning 

process and how those plans are enacted in their classrooms (Bismack, Arias, Davis, & 

Palincsar, 2014). More recently, Bismack, Handley, Davis, and Palincsar (2017) 

examined the science knowledge that elementary pre-service teachers draw on during 

their science teaching and found they most frequently drew on their knowledge of science 

topics, practices and the integration of those during lesson planning and instruction. 

However, in their analysis of video records and lesson plans of pre-service teachers’ 

science teaching, they found that not only were their ideas about science practices 

underdeveloped, but the teachers did not demonstrate a strong understanding of why 

students should engage in each of the practices. Thus, if teachers hold inaccurate views of 

science and do not understand the pedagogical rationale for inclusion of the NGSS 

Science and Engineering Practices (SEPs), they may still implement curricula that 

emphasize scientific practices in ways that are inauthentic to how science is practiced. 

Teachers’ emphasis of the scientific method, which perpetuates an illusion of a single 

process through which all science is conducted (Windschitl et al., 2008), serves as an 

example of how the intent of reform can be transformed when introducing new practices 

into the classroom. Additionally, teachers are traditionally viewed as the “sole 

instructional, knowledge, and practice authority – the only epistemic agent in a 

classroom” (Stroupe, 2014, p. 488). Implementing the NGSS will require a shift in who is 

deemed an epistemic agent, or “individuals or groups who take, or are granted, 

responsibility for shaping the knowledge and practice of a community” (Stroupe, 2014, p. 
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488). Teachers’ enactment of reform, like the scientific method, demonstrates the 

importance of understanding teachers’ views of standards in transforming school science 

so that it is more reflective of authentic science practices.  

Theoretical Framework 

Different people may construct meaning in different ways, even in relation to the 

same phenomenon (Crotty, 1998). That is, meaning is not discovered, but rather created 

(Crotty, 1998). Constructivism as a research perspective acknowledges that knowledge 

lies in the minds of the individuals, who construct what they know on the basis of their 

own experiences. As such, teachers develop an understanding of science and its role in 

the classroom based on their experiences - experiences that may or may not support an 

authentic vision of science. Understanding teachers’ conceptions of scientific practice can 

help identify ways in which to make classroom science more reflective of science as it is 

practiced in the field. In the sections that follow, I describe a framework that offers a 

means through which to understand teachers’ conceptions of science and scientific 

practices. 

Epistemologies in science. More broadly, epistemology is defined as “an area of 

philosophy concerned with the nature and justification of human knowledge” (Hofer & 

Pintrich, 1997, p. 88). Similarly, epistemologies are defined by Chinn and Malhotra 

(2002) as people’s belies about what knowledge is and when it should be changed. As it 

relates to science specifically, Sandoval (2005) describes scientific epistemologies as 

“descriptions of the nature of scientific knowledge, including the sources of such 

knowledge, its truth value, scientifically appropriate warrants, and so forth” (p. 635). He 

offers two reasons why understanding students’ scientific epistemologies are important: 
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(1) an understanding of epistemic underpinnings of inquiry will help students do it better; 

and (2) contemporary societies will require citizens to understand the nature of scientific 

knowledge and practice in order to participate effectively in policy decisions, and to 

interpret the meaning of new scientific claims as they encounter them in their lives 

(Sandoval, 2005). Likewise, teachers’ epistemic understandings of science practices are 

also important in helping teachers implement more authentic science practices in the 

classroom, and in allowing them to participate effectively as critical consumers of 

scientific knowledge.  

Practical and formal epistemologies. Sandoval (2005) states that while students’ 

practices of inquiry appear to share much with scientific practices, students’ expressed 

epistemological beliefs seem “hopelessly naive” (p. 635). He proposes the difference 

between two epistemologies, practical epistemologies and formal epistemologies, as an 

explanation for why simply engaging in scientific practices is not enough to change 

students’ ideas about professional science. Practical epistemologies are described as the 

set of ideas that students have about their knowledge production in school science, 

whereas formal epistemologies are defined as the set of ideas about scientific knowledge 

and its production that students have about professional, or formal, science (Sandoval, 

2005). Moreover, practical epistemologies refer to the epistemological ideas that students 

apply to their own scientific knowledge building through inquiry. Thus, how inquiry is 

implemented in classrooms has consequences for the epistemological ideas that students 

have about their work, and the work of scientists. Making the distinction between the two 

epistemologies can provide insight into how to support teachers in transforming their 
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classroom practices in a way that makes students understand their actions as reflective of 

authentic science practices. 

Future research on practical epistemologies. Sandoval (2005) raised three 

concerns related to practical epistemologies: (1) the nature of epistemological 

conceptions, fragmented beliefs or coherent frameworks remains unclear; (2) the specific 

epistemological beliefs that guide students’ practices are largely unknown; and (3) the 

relation of practical epistemologies and students’ expressed formal epistemologies are not 

well articulated. He further lays out six aspects of a research program for documenting 

students’ practical epistemologies and tracing their links to formal epistemologies to 

address the concerns described above. Due to the scope of this study, four of the six 

aspects are not directly applicable (e.g. involve classroom observations, require study 

across disciplines or longitudinally); however, two aspects are closely related and will be 

elaborated on below.  

Examine students’ practical epistemological ideas. Sandoval (2005) suggests that 

studies of student engagement in authentic practices should include examinations of 

students’ own perspectives on that practice. This could be done through artifacts and the 

discourse they have as they construct these artifacts, but also through interviews designed 

to elicit students’ articulation of their reasoning behind certain decisions. Sandoval (2005) 

also suggests identifying epistemologically salient episodes and asking students to 

articulate why they made decisions at particular points.  

As it applies to teachers, studies of science practices should examine teachers’ 

perspectives on those practices. This could similarly be accomplished through artifacts, 

discourse, and interviews to articulate these perspectives. For example, Bismack and 
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colleagues (2014) identified episodes in elementary teachers’ enacted lesson plans during 

which teachers’ made a choice that deviated from the curriculum and interviewed 

teachers about them to better understand teachers’ ideas about scientific practices. 

Teachers’ responses provided insights into their understanding of science practices and 

whether or not those matched the intent of the curriculum (Bismack et al., 2014). This 

study examines teachers’ practical epistemological ideas through discourse around a 

Lesson Plan Task and through interview questions constructed to probe teachers’ ideas of 

science practices. 

Compare practical and formal epistemologies. Sandoval (2005) also states that it 

is important to determine whether students’ instructional experiences help them develop 

formal epistemological frameworks. He states that at the moment, even the best 

assessment instruments for formal epistemologies leave “much to be desired” (p. 651). 

Research on practical epistemological conceptions has the potential to improve the 

development of such instruments. This can be achieved by asking students about their 

experiences. When students are asked about their own practice, they are likely to express 

ideas that are epistemologically relevant, and researchers can then probe more deeply. For 

example, students could be asked to explicitly compare their work to the work of 

scientists.  

This comparison of practical and formal epistemologies could also be applied to 

teachers. For example, Ricketts (2014) engaged her elementary preservice teachers in an 

exercise similar to that described by Sandoval (2005) that provided insights into teachers’ 

ideas about the NGSS SEPs. Preservice teachers in Ricketts (2014) science methods 

course video recorded lessons taught in their cooperating classrooms and were asked to 
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select and annotate instances in which students were engaged in the NGSS SEPs. These 

video segments and annotations were utilized to determine whether teachers had an 

understanding of the practices, and/or needed additional support in understanding how to 

teach the practices (Ricketts, 2014). This study compares teachers’ practical and formal 

epistemologies by asking teachers how students’ engagement in practices resembles the 

work of scientists, how it is different, and how activities could be more reflective of 

science practices. Comparing teachers’ notions of authentic science practices to their 

classroom-based ideas revealed discrepancies between the two areas and provided 

knowledge with which to develop bridges between the two epistemologies for a more 

authentic version of science practices in the classroom. 

Teacher epistemologies. Sandoval (2005) points out that the specific 

epistemological beliefs that guide students’ practices are largely unknown. Similarly, we 

know little about the epistemological conceptions that guide teachers’ decision making 

about engaging students in scientific practices. Sandoval (2005) recommended that 

research examining student engagement in authentic practices should also examine 

students’ own perspectives on that practice. He suggested this could be done through 

examining artifacts and the discourse students have as they construct these artifacts, but 

also through interviews designed to elicit students’ articulation of their reasoning behind 

certain decisions. For example, this could include identifying epistemologically salient 

episodes and asking students to articulate why they made decisions at particular points. 

Applying this to teachers, I examined the underlying epistemologies (practical and 

formal) that guide teachers’ implementation of scientific practices through artifacts of 

teachers’ practice and their discourse surrounding their planned lessons.  
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Therefore, teachers’ practical and formal epistemologies serve as a lens through 

which to examine teachers’ ideas about science, both in the classroom and the field of 

science. More specifically, they provide an opportunity to more closely examine how 

these views influence the ways in which teachers engage their students in scientific 

practices. Looking at teachers’ plans to include scientific practices in the classroom from 

a practical and formal epistemological framework allows me to determine teachers’ 

beliefs about science’s role in the classroom – one that is unique to school science, or one 

that more closely resembles authentic science practices.  

Literature Review 

To date, literature related to authentic science indicates a divide between the way 

science is traditionally taught in classrooms and the way science is practiced by scientists 

in the field. Again, ‘authentic science’ here is used to reference students engagement in 

practices that more closely resemble the practices of scientists and not to be interpreted as 

students actually doing the work that scientists do. Despite the shifts in science education 

from teaching science as a body of established knowledge to teaching science as a 

method of attaining such knowledge for societal participation, school science remains 

largely unreflective of authentic science (NRC, 2012). For example, in Chinn and 

Malhotra’s (2002) comparison of authentic inquiry and simple inquiry tasks found in 

many textbook-based curricula, they found that students engaged in simple inquiry do a 

single experiment or witness a single demonstration, whereas scientists coordinate results 

from multiple studies and resolve inconsistencies. This is especially concerning in light 

of research indicating 77% of grades 3-5 use commercially published science 

textbooks/programs (Trygstad, Smith, Banilower, & Nelson, 2013). This suggests that the 
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majority of teachers in grades 3-5 could be using science textbooks and programs that 

include only simple inquiry tasks, as opposed to more authentic science inquiry. Overall, 

inquiry commonly practiced in school science, based on the scientific method, is 

unreflective of the way science is actually practiced (Windschitl et al., 2008). These 

inquiry experiences typically culminate with conclusions that summarize trends, but do 

not include developing explanations from the evidence in ways similar to scientists. 

The gap between science and school science is not just one of practice, but also 

underlying epistemology. Scientific epistemology is defined as the “description of the 

nature of scientific knowledge, including the sources of such knowledge, its truth value, 

scientifically appropriate warrants, and so forth” (Sandoval, 2005, p. 635). Research has 

indicated epistemological differences between authentic science and the science 

conducted in classrooms (Chinn & Malhotra, 2002; Windschitl et al., 2008). For instance, 

the purpose of research in school science tasks is to uncover a simple regularity or 

understand a provided theory, yet the work of scientists aim to build and revise 

theoretical models with unobservable mechanisms (Chinn & Malhotra, 2002). Similarly, 

the purpose of inquiry commonly practiced in schools as is to find patterns in natural 

phenomena, whereas the goal of authentic science it to develop defensible explanations 

of the way the natural world works (Windschitl et al., 2008). More recent literature cites 

three problems of practice that act as epistemic barriers to implementing more authentic 

science practices over more traditional science activities: (1) science is presented as final 

form ideas; (2) data is considered the answer to scientific questions; and (3) individuals 

are isolated as they develop ideas about science concepts (McNeill & Berland, 2017). 

Moreover, traditional inquiry-based approaches to science instruction still situate the 
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teacher as the sole epistemic agent, or the individual responsible for shaping the 

knowledge and practice of the classroom community (Stroupe, 2014). When students are 

not given the opportunity to engage in science in a way that is reflective of science as it is 

actually practiced or given epistemic agency, this contributes to inaccurate beliefs about 

the way scientific knowledge is constructed. 

Although both practical and epistemological gaps between science and school 

science exist, the SEPs included in the Framework and the NGSS are intended to engage 

students in practices more reflective of science, thus diminishing the gap. While 

providing curriculum materials that emphasize scientific practices seems like a plausible 

solution, this overlooks the role of teachers in decision-making surrounding the use and 

implementation of curriculum materials. Research has found that teachers tend to keep 

established teaching strategies and use them in parallel with new reform-oriented 

strategies - the authors of this research assert that for the new innovation to take hold, the 

first obstacle is identifying ‘the old’ strategies (Hinn & Viennot, 2000). More recently, 

researchers have investigated ways in which teachers implemented scientific practices 

present in curriculum materials and found that while teachers enacted the included 

scientific practices, they varied from the suggestions made in the curriculum materials 

(Bismack et al., 2014).  Thus, understanding teachers’ existing views might enable 

reform-based curricula to be implemented in ways that more closely align with the intent 

of the curricula. 

Elementary teachers’ ideas about scientific practices remain largely unknown, 

however; some researchers are beginning to explore teachers’ ideas about scientific 

practices. For example, Bismack and colleagues (2017) conducted a study to better 
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understand how novice elementary teachers developed content knowledge for teaching 

science that allowed them to engage in ambitious elementary science teaching. Within 

that study, they looked specifically at teachers’ engagement of students in science 

practices. They found that teachers had underdeveloped ideas about scientific practices, 

as well as limited understandings of why students should engage in the practices. 

Additionally, Kawasaki, Rodriguez, and Sandoval (2017) examined secondary teachers’ 

understanding of the goals of the NGSS and identified the areas of misalignment between 

teachers’ goals and those of the NGSS. Their goal was to document the version of science 

practices that teachers promote in their classrooms and examine the alignment between 

those versions and those described in the NGSS to determine the goals teachers have for 

students – analysis revealed that the goals were not well-aligned. While these studies 

explored teachers’ ideas’ about science practices, the focus was not on teachers’ epistemic 

beliefs about the practices. With an understanding of teachers’ role in transforming and 

implementing reform, this study fills an important gap in the literature related to teachers’ 

epistemic ideas about the NGSS SEPs. 

This study will address the need for further research on teachers’ 

conceptualizations of scientific practices in relation to authentic science by building on 

the literature regarding: (a) the differences between authentic science and school science, 

more specifically, the epistemological gap between science and school science; (b) 

scientific practices as a means of achieving authenticity in the classroom; and (c) what we 

know about elementary teachers’ response to reform. 

Authentic science and school science. Many researchers, both in the sciences 

and science education have attempted to characterize scientific practices (Latour & 
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Woolgar, 1979; Knorr-Cetina & Mulkay, 1983; O’Neill & Polman, 2004; Wong & 

Hodson, 2009). Ultimately, science is described as being localized in a particular 

community and thus, cannot be easily defined. While there are variations among the 

conceptualizations of science, a majority of researchers agree that authentic school 

science should resemble science as it is practiced in the real-world of science (Braund & 

Reiss, 2006; Buxton, 2006, Chinn & Malhotra, 2002; Crawford, 2012; Gilbert, 2004). 

Based on the literature and current reform documents, science as it is practiced in the 

real-world of science can be defined through the eight Science and Engineering Practices 

(SEPs) outlined in the Framework and the NGSS: 

1. Asking questions and defining problems 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations and designing solutions 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information  

Practice gap. While there are discrepancies between what authentic science 

should like in the classroom, many researchers agree on the fact that school science 

should come as close as possible to providing experiences that align with the practices 

and/or problems facing scientists (Braund & Reiss, 2006; Buxton, 2006; Chinn & 

Malhotra, 2002; Gilbert, 2004, NGSS Lead States, 2013, NRC, 2012). However, even 

when inquiry tasks designed to reflect scientific practices are present in classrooms, there 
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are fundamental differences between the activities in which students engage and the 

activities in which scientists engage (Roth, 1997; Chinn & Malhotra, 2002; Windschitl et 

al., 2008). In Chinn and Malhotra’s (2002) comparison of authentic science inquiry and 

the simple inquiry tasks found in many textbook-based science curricula, they found 

considerable differences in the cognitive processes required for each. The authors further 

differentiated between the cognitive processes of ‘authentic inquiry’ and ‘simple 

experiments’, ‘simple observations’, and ‘simple illustrations’. The cognitive process of 

simple experiments, simple observations, and simple illustrations were condensed into 

‘simple inquiry’ for the purposes of this study and paper; however, the majority is quoted 

directly from the authors and presented in Table 1 (Chinn & Malhotra, 2002, p. 180-182).  

Table 1. Comparison of cognitive processes present in authentic inquiry and simple 

inquiry tasks 

Cognitive processes Authentic inquiry Simple inquiry 

Generating a research 

question 

Scientists generate their own 

research question 

Students are provided research 

question 

Designing a study to 

address the research 

question 

Scientists select and even invent 

variables to investigate 

  

Scientists invent complex 

procedures 

  

Scientists employ multiple 

controls and multiple measures of 

variables; difficult to determine 

what the controls should be 

Students provided variables, 

investigate one or two variables 

  

Students follow simple directions 

  

Students are usually told what to 

control; students are told what to 

measure or observe and it is 

usually a single outcome variable 

Making observations Scientists employ techniques to 

prevent observer bias 

Observer bias is not explicitly 

addressed, although measuring 

devices are used (e.g., rulers) 

Explaining results Observations are often 

transformed into other data 

formats 

  

Scientists constantly question 

their own and others’ results 

  

Observations are seldom 

transformed 

  

Flaws in experiments are seldom 

noticeable or deemed important 

  

Observations are 
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Cognitive processes Authentic inquiry Simple inquiry 

Observations are related to 

questions by inference; observed 

variables are not identical to 

theoretical variables 

  

Scientists must judge whether to 

generalize 

  

Scientists employ multiple forms 

of argument 

straightforwardly related to 

questions, observed variables are 

variables of interest 

  

Students usually generalize to 

exactly similar situations 

  

Students employ simple 

reasoning 

Developing theories Scientists construct theories 

postulating mechanisms with 

unobservable entities 

  

Scientists coordinate results from 

multiple studies and resolve 

inconsistencies 

Students uncover empirical 

regularities, they do not develop 

theories 

  

Students do a single experiment, 

a certain range of observations, or 

a single demonstration 

Studying others’ 

research 

Scientists study others’ research 

reports for several purposes 

Students do not read research 

reports 

 

Although Chinn and Malhotra (2002) provide an extensive comparison of 

authentic scientific research and the simple inquiry tasks presented in textbook-based 

curricula, teachers’ conceptions of authentic science practices were not examined as part 

of their research. More current perspectives view teachers as designers when they use 

curriculum materials (Davis et al., 2011), thus highlighting the importance of 

understanding teacher’s views of science practices included in curricula. 

Closing the practice gap. As demonstrated by Chinn and Malhotra’s (2002) 

comparison of authentic science inquiry and simple inquiry tasks implemented in 

classrooms, inquiry might not come as close to authentic science as previously thought. 

While some believe that working directly with scientists provides the richest view of 

authentic scientific practices, others have offered alternative means to working directly 
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with scientists and/or engaging in simple inquiry tasks as a means of immersing students 

in authentic science in the classroom. 

Models and modeling have been offered as one such means of engaging students 

in more authentic scientific practices (Coll, France, & Taylor, 2005; Gilbert, 2004; Prins, 

Bulte, & Pilot, 2016). A model-based approach to authentic science will require teachers 

to support students in developing an understanding of what a model is, a capacity to 

mentally visualize models, and an understanding of the nature of metaphor and analogy 

(Gilbert, 2004). This will require extensive teacher knowledge, yet teachers are not 

trained in models and modeling and often have misconceptions related to the practice 

(Gilbert, 2004). Although Gilbert (2004) acknowledges the importance of teacher 

knowledge, teachers’ understanding of models and modeling were reported as beyond the 

scope of their study. While Gilbert (2004) asserts that teachers are not trained in models 

and modeling, some researchers are working to engage teachers in this scientific practice. 

For example, Crawford and Cullin (2004) engaged prospective secondary science 

teachers in a model-based instructional model and investigated their understandings of 

and intentions to teach about scientific modeling. They found that while the model-based 

instructional module enabled prospective teachers to think critically about aspects of 

modeling, teachers did not appear to achieve a full understanding of scientific modeling. 

Others have worked with inservice teachers to determine how they are using model-based 

approaches to achieve authenticity in the science classroom. Khan (2011) investigated 

how four secondary science teachers employed model-based teaching over a one year 

period and found that fundamental aspects of model-based teaching were not apparent in 

their analysis of teaching methods. Interestingly, teachers believed they were 
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implementing model-based teaching, yet they were missing key aspects. It seems while 

teachers are engaging in work with models and modeling, misconceptions related to this 

scientific practice still persist. 

Although alternatives, such as model-based approaches to science have been 

offered as means of closing the practice gap, little research has examined teachers’ views 

of this scientific practice and their influence on implementation in the classroom. In cases 

where teachers’ perceptions of models and modeling were examined, teachers were found 

to have limited understanding of models and modeling, as well as how to use this 

scientific practice in the classroom. Justi and Gilbert (2002) examined 39 teachers’ 

perceptions of the role of models in science teaching. While teachers were aware of the 

value of models in the learning of science content, they were less certain of their value in 

learning about science. In addition, modeling by students was not widely practiced and 

when it was, it was not reflective of the way it is practiced in the field of science (Justi & 

Gilbert, 2002). Prins and colleagues (2016) present an activity-based instructional 

framework, with an emphasis on models and modeling that assists educational designers 

in transforming authentic science practices for students in the classroom. As was the case 

in Gilbert’s (2004) paper, however, teacher conceptions of scientific practices were not 

reported in Prins and colleagues (2016) work. As researchers begin to offer ways to close 

this practice gap, it will be important to take into consideration teachers’ conceptions of 

the practices of scientists to ensure authenticity.  

Despite efforts, a gap remains. Despite alternative methods offered as a means of 

closing the gap between practices of scientists and students in the classroom, such as 

model-based approaches, challenges still persist. Even in cases where model-based 



 

18 

 

learning was successful, teachers occasionally intervened in ways that were unreflective 

of authentic science. For example, Dickes, Sengupta, Farris & Basu (2016) shared 

instruction with a classroom teacher during a third-grade ecology learning environment 

that integrated two forms of modeling, embodied modeling and agent-based modeling. 

They described examples of when the researcher and teacher differed in their 

instructional moves. During phases 1 and 2 of their ecology learning environment, the 

teacher was concerned with students getting the math correct and constrained their 

representations that depicted how their energy changed over time to include only bar 

graphs. In Phase 3, the teacher guided the activity in a manner that led students to focus 

on population growth and survival as the key system-level outcome, which discouraged 

students from making connections across subsystems. Both times, the teacher stated the 

state standards as reasons for these instructional moves (Dickes et al., 2016). On a related 

note, Manz (2012) reported on the models and representational activities of third graders’ 

yearlong investigation of a wild backyard area and found that while representations made 

ideas visible, the approach presents significant challenges for teachers. Among them, 

understanding which representations are likely to provide fruitful entry points for student 

practice, developing trajectories for increased student participation in modeling decisions, 

and using recurrent forms of support that push on student practices without constraining 

it (Manz, 2012). Again, teachers are identified as being instrumental in the shift to 

practices that more closely resemble authentic science practices, yet there is limited 

research on teachers’ conceptions of these scientific practices. 

Ford and Wargo (2007) characterize the misalignment between scientific practices 

and practices common in classrooms in terms of “3Rs”: routines, roles, and 
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responsibilities. In their study with 16 preservice secondary teachers, they assert that 

initially preservice teachers did not consider authentic scientific practices appropriate for 

classroom activities with preservice teachers employing a pedagogical repertoire 

dominated by the 3Rs of traditional classrooms. These included a view of the role of the 

classroom teachers as having “epistemic authority” (Ford & Wargo, 2007), similar to 

Stroupe’s (2014) description of the teachers as the sole “epistemic agent” in the 

classroom. However, these views shifted after participation in two exemplar activities 

designed to engage them in scientific practices, demonstrating that their views are 

malleable, but need to be attended to before they are able to envision authentic science 

taking place in their classrooms. Yet again, we are reminded of the importance of 

understanding teachers’ existing views related to authentic science practices before 

expecting authenticity in the classroom. 

Epistemological gap. In addition to a gap in practice, the epistemologies inherent 

in authentic science and school science are vastly different.  Along with the differences in 

cognitive processes, Chinn and Malhotra (2002) described epistemological differences 

between ‘authentic inquiry’ and ‘simple experiments’, ‘simple observations’, and ‘simple 

illustrations’. The epistemologies inherent of simple experiments, simple observations, 

and simple illustrations were condensed into ‘simple inquiry’ for the purposes of this 

study and paper; however, the majority is quoted directly from the authors and presented 

in Table 2 (Chinn & Malhotra, 2002, p. 188).   

Table 2. Comparison of epistemologies present in authentic inquiry and simple inquiry 

tasks 

Epistemologies Authentic inquiry Simple inquiry tasks 

Purpose of research Scientists aim to build and revise 

theoretical model with 

Students aim to uncover a simple 

regularity or understand a 
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Epistemologies Authentic inquiry Simple inquiry tasks 

unobservable mechanisms provided theory 

Theory-data 

coordination 

Scientists coordinate theoretical 

models with multiple sets of 

complex, conflicting data 

  

Science seek global consistency 

Students coordinate one set of 

observable results with 

conclusions about those results 

  

Students seek local consistency 

Theory-ladenness of 

methods 

Methods are partially theory 

laden 

Methods are not theory laden 

Responses to 

anomalous data 

Scientists rationally and regularly 

discount anomalous data 

Little scope to rationally discount 

data; data are rejected as 

erroneous results contradict 

expectations 

Nature of reasoning Scientists employ heuristic, non-

algorithmic reasoning; employ 

multiple argument forms; 

reasoning is uncertain 

Students employ algorithmic 

reasoning to derive a conclusion; 

employ simple arguments; 

reasoning is certain 

Social construction of 

knowledge 

Scientists construct knowledge in 

collaborative groups; build on 

previous research; institutional 

norms are established 

Students construct knowledge in 

collaborative groups, but seldom 

build on previous research; no 

institutional norm setting 

processes 

 

Windschitl and colleagues (2008) reported similar epistemological differences 

between model-based inquiry (MBI) and inquiry as commonly practiced based on the 

scientific method, the summary of which is directly replicated in Table 3 (table can be 

found on p. 948 of Windschitl et al., 2008). They further describe how the scientific 

method does not support engagement with five epistemic features of scientific 

knowledge. For example, they argue that while the scientific method might appear to 

portray the testable nature of scientific knowledge, the focus is typically on testing the 

relationship between variables rather than recognizing that as one aspect of testing the 

validity of an idea. Additionally, the scientific method often culminates with stating a 

conclusion, or a summary of the data patterns rather than a discussion of the explanatory 

and conjectural aspects of scientific knowledge. Lastly, they ask how knowledge can be 
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seen as generative if it is portrayed, as it often is when employing the scientific method, 

as the end-product of inquiry (Windschitl et al., 2008).  

Table 3. Comparison of epistemic features of inquiry based on TSM and model-based 

inquiry 

Scientific 

knowledge is… 

Inquiry as commonly practiced 

(based on the scientific method) 

Model-Based Inquiry (MBI) 

Testable Hypotheses are tested, often 

stated as predictions 

Predictions are not part of larger 

sense-making theory, nothing to 

revise 

Ideas in the form of models are 

tested and revised 

Accomplished by evaluating 

hypotheses that make sense 

within context of a potentially 

explanatory model 

Revisable 

Explanatory Testing curriculum in 

“conclusions” which summarize 

trends and patterns in the data, 

but do not include explanations 

Uses patterns in data and other 

sources of evidence to explain 

why focal phenomenon happens 

 

Models talked about as tools for 

explanation 

Conjectural  Going “beyond the data” to the 

theoretical not often a part of 

classroom inquiries 

Explanations account for 

observations with underlying, 

often unobservable causal 

processes, or structures 

Generative Models/theories considered to 

be only an end-product of 

inquiry, but more often, are not 

talked about at all 

Models/theories used to 

generate plausible hypotheses, 

new conceptions, new 

predictions at any point in the 

inquiry 

 

Closing the epistemological gap. Several researchers have offered ways of closing 

this epistemological gap. For example, Sandoval offers four epistemological themes 

students should understand in order to effectively engage in science that is more 

reflective of professional science, while Windschitl and colleagues (2008) present mode-

based inquiry as a means of engaging students in inquiry more reflective of authentic 

science, both of which are described in more detail below. 
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Sandoval (2005) described epistemological themes students should understand in 

order to “inquire effectively into scientific problems, to understand their inquiry as 

science, and to be able to evaluate scientific claims in relation to socioscientific issues in 

their lives outside of (and beyond) school” (p. 639). The four themes are as follows: (1) 

scientific knowledge is constructed; (2) diversity of scientific methods; (3) forms of 

scientific knowledge; and (4) scientific knowledge varies in certainty.  

The first epistemological theme highlights the notion that scientific knowledge is 

constructed by people and our current theories, not simply discovered out in the world. 

Sandoval (2005) reported that research related to students’ epistemological ideas about 

science suggests that young students do not acknowledge that scientific knowledge is 

constructed, rather they believe that knowledge resides in experimental results and/or as 

being right or wrong. However, by high school, some students understand that scientists 

construct models and theories. In Sandoval’s (2005) review of the literature related to 

inquiry and epistemological beliefs, he found that while students could construct 

scientific knowledge for themselves, none of the studies asked students to reflect on the 

epistemological status of the knowledge they were constructing. That is, students were 

not asked to reflect on their role as epistemic agents in the classroom.  

Sandoval (2005) argues that to properly understand science and effectively 

conduct inquiry, students should understand that scientific methods are diverse. That is, 

there are differences among scientific disciplines because they explore different kinds of 

phenomena. Sandoval (2005) reported that an understanding of how students think about 

the diversity of scientific methods is limited as a result of the focus on experimentation as 

the method of generating scientific knowledge. Research on experimentation indicates 
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that students appear to view the purposes of experimentation as generating particular 

effects, or verifying given hypotheses, rather than generating explanations. However, the 

studies included in Sandoval’s (2005) review did not explore whether or not students saw 

their work as a scientific activity or as a form of school activity. 

Another epistemological theme deemed important for students to understand is 

that there are different forms of scientific knowledge, and that they vary in their 

explanatory or predictive power and in their relation to the observable world. Sandoval 

(2005) offers an example of the difference between theories and laws as a means to 

illustrate the purpose of each form of scientific knowledge – theories are conceptual 

frameworks that provide relatively high degrees of explanatory power and varying 

degrees of predictive power, whereas laws are generalized descriptions of some 

phenomenon with high predictive value, but little explanatory power. In Sandoval’s 

(2005) review of the literature, research indicated that most students believe that 

hypotheses, theories, and laws are related in a linear hierarchy from less to more proof, 

and think of scientific models as physical replicas of some aspects of the world, rather 

than conceptual systems for explaining phenomena. While there has been some research 

on helping students understand the relationship between theories and evidence, little 

research attends to what it means to have a theory or how a theory differs from a law or a 

model. Additionally, while there is research on ways in which students attempt to 

coordinate claims and evidence, much of it focuses on analyzing the structure of students’ 

arguments rather than students’ epistemic understandings of data and argumentation 

(Sandoval, 2005). 
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The fourth key epistemological goal is that scientific knowledge varies in 

certainty, and that some claims are better than others. Sandoval (2005) asserts that this 

has important implications for inquiry in that it ‘decenters’ authority from the teachers to 

the students, and that this decentering enables a more authentic consideration of the 

authority of claims. This is particularly relevant given assertions in recent reform 

documents that students cannot fully understand scientific ideas without engaging in the 

practices and discourses by which scientific ideas are developed (NRC, 2012; NGSS 

Lead States, 2013). Most students believe that scientific knowledge is, or can be, certain 

and talk about ideas as being right or wrong (Sandoval, 2005). In Sandoval’s (2005) 

review of the literature related to inquiry-oriented interventions, he found nothing 

contradictory to the review of the literature around students’ epistemological beliefs about 

science - students typically believe that scientific knowledge can be shown definitively 

right or wrong. There was one exception, however, the students in one particular study 

were unusual in that they had engaged in explicit instruction around epistemological 

issues over a period of six years. Some of these students were beginning to recognize that 

scientific knowledge is tentative in various ways. 

Windschitl and colleagues (2008) argue that the principal reason research and 

policy have not had widespread impact on inquiry pedagogies is because of the deep-

seated beliefs about scientific practices that learners develop throughout their K-16 

education, beliefs that those who go on to become teachers often pass along to another 

generation of learners. The authors propose model-based inquiry (MBI) as an alternative 

framework to the inquiry students commonly encounter in schools that acts as a set of 

practices that more closely resembles scientific activity and reasoning. The goal of MBI 
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is to develop defensible explanations of the way the natural world works, and while they 

acknowledge that it “may seem like the scientific method dressed up in fancy new 

clothes” (Windschitl et al., 2008, p. 962), it is not formulaic, nor a set of predetermined 

experiences and focuses as much on the sense-making discourse as on the activity. 

Throughout this process, learners are engaged with the following five epistemic features 

of scientific knowledge: (1) scientific knowledge is testable; (2) scientific knowledge is 

revisable; (3) scientific knowledge is explanatory; (4) scientific knowledge is conjectural; 

and (5) scientific knowledge is generative. The five epistemic features of which the 

scientific method, as previously stated, does not align. This epistemological shift would 

require a transformation of teachers’ epistemologies related to scientific practices, and 

modeling in particular, as well as a shift in their view of who has epistemic agency in the 

classroom. Little research, however, has examined teachers’ epistemological beliefs 

related to modeling. In cases where teachers’ beliefs were examined, teachers lacked in-

depth knowledge needed to guide their teaching (Lin, 2013; Oh & Oh, 2011; Souilios & 

Psillos, 2016).  

In summary, researchers have urged educators to consider particular epistemic 

themes for authentic engagement in scientific practices (Sandoval, 2005), as well as 

offered alternative methods such as model-based inquiry (Windschitl et al., 2008) as a 

means of closing the epistemological gap; however, additional research is needed to 

understand students’ and teachers’ epistemic beliefs about science practices.  

Despite efforts, a gap remains. Research related to students’ epistemological ideas 

about science and inquiry demonstrated that simply engaging in inquiry is not enough to 

develop students’ epistemological ideas about science. Similarly, although Windschitl and 
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colleagues (2008) have found success with model-based inquiry as a means of supporting 

preservice teachers in epistemically appropriate ideas about science, challenges related to 

students’ epistemic understandings remain. Forbes, Zangori and Schwarz (2015), for 

example, investigated third-grade students’ model-based explanations within the context 

of the water cycle and found that elementary students tend to emphasize components and 

sequences of phenomena in their models, often limiting them to pictures rather than 

understanding them as representations of systems with predictive and explanatory power. 

Zangori and Forbes (2016), however, examined third-grade students model-based 

explanations around a different phenomenon, plant structure/function and plant life cycles 

and found that as students conceptual knowledge about the plant life cycle developed so 

did their engagement in the mechanism-based epistemic features of model-based 

explanations. Their work suggests that while possible, students’ need support in 

developing more authentic epistemic understandings of scientific knowledge and 

practices.  

Scientific practices. We know from the aforementioned studies that a gap of both 

practice and epistemology exists between science and school science, and despite efforts 

to close these gaps, school science remains largely unreflective of science. The use of 

scientific practices is an intentional attempt to specify what is meant by ‘inquiry’ in 

science, a term referred to in previous standards documents, but interpreted in many 

different ways within the science education community (NRC, 2012). Moreover, Ford 

(2015) describes how the term “practice” is different from its predecessors - inquiry and 

the scientific method - a key difference being that “scientific practice is based not on 

rules, but on processes or perpetual evaluation and critique that support progress in 
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explaining nature” (p. 1043). Furthermore, Schwarz, Passmore, and Reiser (2017) 

describe the focus on practices as “a kind of Inquiry 2.0 – not a replacement for inquiry 

but rather a second wave that articulates more clearly what successful inquiry looks like 

when it results in building scientific knowledge” (p. 5). That is, engaging students in 

scientific practices gives students a more accurate view of how scientific knowledge is 

constructed and thus, a more accurate view of the scientific enterprise. 

Practices as a means of closing the practice and epistemological gap. The NGSS 

now specify engaging students in science as practice as a key objective of science 

education. As previously stated, the practices are intended to increase students’ familiarity 

with and capability in scientific practices, but also increase their understandings of the 

norms, goals, and values of science. Truly engaging in scientific practices requires 

cultivating phenomena-based questions and working with students to co-construct ways 

to investigate them. That is, rather than participating in ‘tasks of the day’ and going 

through the motions of ‘school science’, engagement in practices will be driven by 

questions about phenomena and consist of knowledge-building work (Reiser, Novak, & 

McGill, 2017) – work consistent with that of practicing scientists. Similarly, Schwarz and 

colleagues (2017) echo the importance of engaging students in scientific practices as a 

means of making sense of the world. They assert that “making sense of the world, or 

sense-making for short, is the fundamental goal of science and should be at the core of 

what happens in science classrooms” (p. 6). As articulated by Schwarz and colleagues 

(2017) in their characterization of two versions of classrooms, this will require a shift 

from ‘learning about’ phenomena to ‘figuring out’ phenomena. 
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One of the main objectives of the NGSS is for students to take on more 

responsibility in the sense-making process using the science practices (NGSS Lead 

States, 2013; Kawasaki et al., 2017). Other researchers reiterate this idea of giving 

students more responsibility, or of shifting the epistemic and power structures in the 

classroom from teacher to student (Reiser et al., 2017; Stroupe, 2014). This will require 

that students take on a new role as epistemic agents, or individuals responsible for 

shaping the knowledge and practice of a community (Stroupe, 2014). In this way, 

students will be provided opportunities to work on constructing explanations of puzzling 

phenomena in the context of their classroom, rather than act as receivers of factual 

knowledge, thus closing the practice and epistemological gap present between school 

science and authentic science. 

Closing the practice gap. In thinking about the practice gap, or how students 

engage in science, researchers have found that students are capable of engaging in 

science practices that more closely resemble authentic science. For example, Dickes and 

colleagues (2016) found that third-grade students engaged in an ecology learning 

environment that integrated scientific modeling were able to develop mechanistic 

explanations of relationships among and between agents within an ecosystem. 

Additionally, in their study of a secondary biological science classroom, Kuhn, 

Arvidsson, Lesperance and Corprew (2017) reported success related to investigation, 

analysis, and argumentation skills. Related to argumentation at the elementary level, Ryu 

and Sandoval’s (2012) study of elementary students also revealed an improvement in 

elementary students’ ability to construct and evaluate arguments.  
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Closing the epistemological gap. Researchers have also found success related to 

the epistemological gap, or students’ understanding of why they are engaging in scientific 

practices. Zangori and Forbes (2016), for example, found that as students’ conceptual 

knowledge about the plant life cycle developed, so did their engagement in the epistemic 

features of model-based explanations. Kuhn and colleagues (2017) found an increase in 

secondary students’ epistemological understandings regarding science as entailing the 

evaluation of claims in relation to available evidence. Krist (2016) also found shifts in 

students’ epistemological thinking related to two questions: (1) What kind of answer are 

we working to build?; and (2) How does the idea we are trying to build relate to other 

phenomena and ideas. 

Challenges persist. On the other hand, while some researchers report positive 

practice and epistemological changes, challenges have also been identified. Forbes and 

colleagues (2015) found an absence of growth in third-grade students’ attunement to 

epistemic features of model-based explanations, and determined that students’ model-

based explanations for the three target concepts related to the water cycle were relatively 

weak. Additionally, although McNeill (2011) found that elementary students improved in 

their ability to write scientific arguments, students needed support to further apply these 

practices.  

Recently, McNeill and Berland (2017) identify three problems of practice 

surrounding the use of scientific evidence – a term used throughout the NGSS – still 

prevalent in today’s classrooms. These problems of practice are described as: (1) science 

as final form ideas, or the tendency of students to memorize discrete concepts, facts, and 

laws; (2) data as the answer, or students’ understanding of data as factual and as the goal 
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of any investigation, rather than as constructed and interpreted; and (3) isolated 

individuals and ideas, or students as individual receivers of isolated ideas, and not as part 

of a community engaged in the social construction of knowledge. Moreover, these 

barriers/problems of practice are directly related to the epistemological themes described 

by Sandoval (2005) over a decade ago (also described above). For example, Sandoval 

(2005) asserted that for authentic engagement in the practices of science, students needed 

to understand that scientific knowledge is constructed, yet years later ‘data as the 

answer’, or the belief that data is factual and self-evident, rather than constructed and 

interpreted is still presented as a barrier to authentic engagement in science (McNeill & 

Berland, 2017). McNeill and Berland (2017) propose several design heuristics to support 

the use of scientific evidence in ways that align with more authentic participation in 

science practices: (1) scientific evidence should focus on information that is phenomena-

based; (2) students should have opportunities to transform and evaluate information; and 

(3) classroom communities should use information dialogically. The hope is that if 

teachers are able to apply these design heuristics, the fore-mentioned problems of 

practice will be addressed, and student engagement in the practices will better reflect the 

practices of professional scientists.  

A transition from more traditional approaches of science instruction to 

epistemically authentic science is only possible if teachers engage their students in the 

practices in ways reflective of professional science and as intended by reform documents 

like the NGSS. As evidenced by the aforementioned literature, little research focuses on 

the role of teachers’ epistemic understandings in utilizing the NGSS SEPs to achieve 

authenticity in the science classroom. Thus, while the SEPs are offered a means of 
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achieving a more authentic vision of science in the classroom, further research is needed 

to determine how to support teachers’ use of scientific practices in the classroom.  

The importance of teachers’ views for instruction. Some researchers have sought 

to understand teachers’ views related to reform and subsequent curriculum materials, as 

well as teachers’ role in adapting those materials.  

For example, Davis and colleagues (2011) engaged two elementary teachers in 

writing narratives describing how they used and adapted curriculum materials. While one 

teacher drew on knowledge of and experiences with students, the other based her 

adaptations on learning goals - learning goals that in this case, were not aligned with 

learning goals of the curriculum materials. Similarly, Forbes (2011) examined how 

preservice elementary teachers actually adapt science curriculum materials to promote 

students’ engagement in inquiry practices. He found that preservice teachers did attend to 

essential features of inquiry in curricular adaptations, but need opportunities to develop 

an understanding of what inquiry-based teaching is and how to translate that knowledge 

into teaching practice. Nelson and Davis (2012) also worked with preservice teachers. 

Their work incorporated a modeling-based elementary science unit to support elementary 

preservice teachers in gaining knowledge about and experience in evaluating students’ 

scientific models. Like Forbes (2011), they found that with support, preservice teachers 

can made adaptations to their teaching.  

On a related note, Fogleman, McNeill and Krajcik (2011) investigated how 

teachers’ curricular adaptations, self-efficacy, and experience enacting an inquiry-oriented 

middle school science curriculum influenced student learning. The authors found that two 

variables significantly predicted student learning, teacher experience and activity 
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structure. If teachers had previously taught the unit, student gains were higher. Related to 

activity structure, students who completed the investigations themselves had greater 

learning gains. Thus, students’ experiences with reform-based materials depend on how 

teachers choose to use those resources. Donnelly and Sadler (2009) also examined how 

teachers’ modifications and views of reform-based standards impacted students and 

teachers in their schools. The authors categorized teachers using six different profiles: (1) 

negative perspectives; (2) testing as focus; (3) already doing it; (4) part of the cycle; (5) 

reality of teaching; and (6) useful tools. These six profiles are helpful in understanding 

how teachers’ views influence student learning. For example, the teachers who fit the 

profile, ‘already doing it’, believed they were already covering most of the standards and 

thus did not modify their teaching to reflect the new reform. Once again, we are reminded 

that teachers are more than passive transmitters of reform, but rather responsible for the 

transformation of new reform so that it matches the intent of reform designers (Hirn & 

Viennot, 2000). 

Teacher views related to reform-based teaching practices become problematic 

when their teaching is unreflective of authentic science, particularly when considering the 

role of the NGSS as bringing more authentic science practices into the classroom. 

Similarly, movements such as the scientific method that remains engrained in the culture 

of science in the classroom continues to perpetuate an unreflective image of science. 

These deep-seated beliefs about standards-based reform and the scientific method 

demonstrate the importance understanding teachers’ views of new reform, like the NGSS 

SEPs, in transforming school science so that is it more reflective of authentic science.  
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What we now know about the NGSS practices. With an understanding of the 

inclusion of the NGSS SEPs as a means of engaging students in authentic science 

practices, and the importance of teachers’ ideas related to reform and the practices, some 

researchers have begun a closer examination of teachers’ ideas about the practices. 

Though there is limited research related to teachers’ views of all eight SEPs 

outlined in the Framework and included in the NGSS, some researchers have investigated 

how teachers engage students in specific scientific practices. Biggers, Forbes & Zangori 

(2013), investigated 44 elementary teachers’ use of science curriculum materials to 

engage students in the scientific practice of comparing and evaluating evidence-based 

explanations. They found that comparing and evaluating explanations was the least-

emphasized feature of inquiry in these teachers’ planned and enacted science instruction. 

Although teachers made small adjustments that better engaged students in the practice, 

curriculum materials and teachers’ ideas about the practice limited the impact on 

students’ sense-making opportunities. Zangori, Forbes and Biggers (2013) reported on the 

same multiyear professional development program, but highlighted the fact that 

elementary teachers’ conceptions of explanation construction and concerns about the 

abilities of their students impacted curricular adaptations. That is, teachers’ ideas directly 

influenced their interactions and implementation of curriculum materials. 

Macpherson (2016) reported on the difference between the arguments that 

ecologists engage in and the ecological arguments presented in school argumentation 

tasks. She found that these argumentation tasks designed to engage students in scientific 

practice where lacking components of argumentation heavily emphasized by ecologists, 

causal claims and critique. Although Macpherson (2016) acknowledged that students are 
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not being asked to argue about why something happens and thus do not receive an 

accurate picture of what ecologists argue about, she did not examine whether teachers 

understood the difference between the school tasks and those of ecologists. While the 

practices may not be implemented in a way that is reflective of authentic science, some 

researchers question whether it is due to teachers’ lack of understanding of these 

practices, or whether they need to develop an understanding of how to teach these 

practices. In Ricketts’ (2014) investigation of preservice elementary teachers’ ideas about 

the NGSS SEPs, it was unclear whether or not preservice teachers understood these 

scientific practices, or simply needed supports in understanding how to teach and/or 

engage their students in these practices.  

Also related to teachers’ ideas about scientific practices, Kawasaki and colleagues 

(2017) investigated secondary teachers’ understanding of the goals of the NGSS, as well 

as how they described using the practices from the NGSS in their teaching. Teachers 

described using the scientific practices in four different ways, to: (1) help students learn 

science methods; (2) assess student understanding of science concepts; (3) reinforce 

science concepts already taught to students; and (4) develop student understanding of 

science concepts. The authors found that these descriptions were not aligned with the 

goals of the Framework and NGSS. Teachers play a critical role in transforming these 

practices so that they are reflective of authentic science, yet the little we know of 

teachers’ ideas about science practices is that they are underdeveloped and misaligned 

with the intent of the NGSS.  

More recently, Kang, Donovan, and McCarthy (2018) examined teachers’ 

confidence and ideas for enactment of the practices through the lens of Pedagogical 
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Content Knowledge (PCK). Their analysis demonstrated that teachers had more 

developed ideas about some practices over others. More specifically, teachers were more 

confident and rated higher on how to apply the practice in the classroom for two 

practices, Analyzing and Interpreting Data, and Asking Questions and Defining 

Problems. One of the most challenging practices for teachers was, Engaging in Argument 

from Evidence. Thus, while teachers were able to design instruction to engage students in 

the SEPs, their self-related perception of knowledge and confidence, as well as the score 

given to teachers’ descriptions of plans for enactment indicate that teachers still need 

support in planning for student engagement in several practices.  

Potential difficulties. From the aforementioned literature, we anticipate student 

difficulties with epistemic features of the practices (e.g. model-based explanations), but 

also in teachers’ ability to engage students in authentic science practices. One potential 

reason for this difficulty is the shift from teachers as epistemic agents, to students as 

epistemic agents. For example, Christodoulou and Osborne (2014) analyzed teacher-

initiated discourse in argumentation-based instruction and found that some discursive 

moves by the teacher, like encouraging students to provide justifications, moved students 

away from focusing on declarative knowledge and towards an enculturation of students 

into epistemic practices of science. However, the inconsistency with which teachers in 

the qualitative study used different prompts suggest that science teachers need further 

support in presenting students with epistemic agency (Christodoulou & Osborne, 2014). 

Thus, not only will teachers need support in developing stronger understandings of the 

practices, but also in how to provide students with more responsibility as sense-makers in 

the classroom. 
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Overarching Research Questions 

Based on the literature we know that while the practices outlined in the 

Framework and NGSS provide a promising means of achieving authenticity in the 

classroom, differences between authentic science and school science still remain. We also 

know that teachers’ ideas play a role in the way they plan and enact lessons in the 

classroom. What we have yet to fully understand is teachers’ conceptions of scientific 

practices, and how those views influence teacher planning related to the inclusion of 

scientific practices in the classroom. More specifically, additional research is needed to 

characterize how teachers understand the NGSS Science and Engineering Practices 

(SEPs) and how they conceptualize instruction that incorporates science practices within 

that vision. Whether teachers can design and implement instruction that engages students 

in scientific practices in ways that more closely resemble how scientists do depends on 

teachers’ understanding of these practices. Furthermore, whether teachers can shift 

epistemic agency from themselves to their students depends on how teachers interpret the 

SEPs and their ability to engage students in epistemologically authentic science.  

Accordingly, this study proposes to answer the question, How do elementary 

teachers conceptualize ‘authentic science’? And in doing so will specifically consider: 

1. What science practices are included in teachers’ plans for science instruction, 

following a professional development in which they engaged in curriculum 

designed around the NGSS, and to what extent are those reflective of authentic 

science?  

2. How do teachers conceptualize scientific practice in their classrooms in terms of 

the science activity and underlying epistemology?  
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In light of recent reforms like the NGSS, understanding how teachers 

conceptualize scientific practices is important to bridging the gap between science and 

how science is portrayed in K-12 classrooms. This study has significance for elementary 

science teacher education and development as well as supporting teachers’ understanding 

and enactment of reforms. The findings of this study will provide insights regarding 

elementary teachers’ inclusion of scientific practices in their lesson plans, as well as 

teachers’ ideas about scientific knowledge and its production related to professional 

science and related to school science, the differences of which have implications for 

science in the elementary classroom and can inform both research and practice.  

Study Outline 

The purpose of this qualitative research study is to examine potential gaps 

between scientific practice, as emphasized in the NGSS, and teachers’ conceptions of 

scientific practice. In order to understand elementary teachers’ conceptions of science 

practices, as well as the extent to which those are reflective of authentic scientific 

practice, I will examine both procedural and epistemological dimensions of teachers’ 

planning for student engagement in these practices.  While there is literature related to 

teachers’ epistemological views of science, this study will address a gap in the research 

related to (1) how those views inform teachers’ plans for instruction and the extent to 

which those are reflective of the NGSS SEPs; and (2) how those views are articulated in 

relation to student engagement in scientific practices outlined in reform documents like 

the NGSS, and the underlying epistemology of those activities. 
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Table 4. Study Outline 

Chapter Overarching 

Research 

Question 

Addressed 

Study Title Study Research 

Question 

Method 

3 RQ1 Opportunities to 

Engage in 

Scientific 

Practices: An 

Analysis of 

Teachers’ Lesson 

Plans 

What science 

practices are 

included in 

teachers’ plans for 

science 

instruction, 

following a 

professional 

development in 

which they 

engaged in 

curriculum 

designed around 

the NGSS, and to 

what extent are 

those reflective of 

authentic science? 

Qualitative 

analysis of 

teachers’ post-

program lesson 

plans to 

determine what 

practices they 

include in their 

plans for 

instruction and 

the extent to 

which those align 

with the intent of 

the NGSS SEPs.  

4 RQ2 Elementary 

Teachers’ 

Conceptions of 

Scientific Practice: 

Developing and 

Using Models 

How do teachers 

conceptualize 

scientific practice, 

specifically 

Developing and 

Using Models, in 

their classroom in 

terms of activity 

and underlying 

epistemology? 

Qualitative 

analysis of 

teachers’ pre-

interview tasks 

and interviews to 

characterize 

teachers’ ideas 

about Developing 

and Using 

Models. 

5 RQ2 Conceptualizing 

Authentic Science 

Practices 

How do teachers 

conceptualize 

scientific practice 

in their classroom 

in terms of 

activity and 

underlying 

epistemology? 

Qualitative 

analysis of 

teachers’ pre-

interview tasks 

and interviews to 

characterize 

teachers’ 

conceptions of 

science practices 

in the classroom. 
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Chapter 2: Methods 

With the inclusion of Science and Engineering Practices (SEPs) in standards 

documents like the NGSS (NGSS Lead States, 2013), teachers are tasked with 

implementing these eight practices in their classroom, yet we know little about how 

teachers understand these practices in relation to the activities of their students and the 

activities of science. With an understanding of the emphasis placed on scientific practices 

as means of achieving authenticity in the classroom, both in terms of activities and 

underlying epistemology, my research questions explore teachers’ conceptions of 

authentic science practices in order to better understand how to support teachers in 

achieving the vision of the NGSS. 

Qualitative research allows researchers to answer questions about human actions 

and experience. Phenomenology is described as a research approach that attempts to 

uncover what several participants who experience a phenomenon have in common - 

essentially, the ‘essence’ of their experiences concerning a phenomenon, most often a 

concept (Savin-Baden & Howell Major, 2013). In this study, a phenomenological 

approach will be utilized to examine elementary teachers’ conceptions of the 

phenomenon, authentic science practices in elementary classrooms.  

Constructionism, as defined by Crotty (1998), is a research tradition that asserts 

that there is no objective truth, there is no meaning without a mind and as such, meaning 

is not discovered, but constructed. Moreover, different people may construct meaning in 

different ways, even in relation to the same phenomenon. Crotty (1998) offers 

constructivism as an individualistic understanding of the constructionist position; 

suggesting that the term ‘constructionism’ be reserved where the focus includes the 



 

40 

 

collective generation of meaning, one in which the social dimension of meaning is at 

center stage, and ‘constructivism’ when the focus is on the meaning making activity of 

the individual mind. Furthermore, constructivists believe there are ‘multiple realities’ 

across individuals and that each person has a unique way of knowing the world. As such, 

while the ontological and epistemological assumptions inherent in constructionism and 

constructivism are similar, constructivism as a research tradition is most appropriate 

when choosing a phenomenological approach to research in which individual teachers 

were interviewed in order to understand their views of science. Even though my study 

attempts to uncover the essence of elementary teachers’ conceptions of authentic science, 

teachers were not constructing meaning together in the interview space. 

Participants 

Participants were drawn from a cohort of fifth grade teachers participating in the 

NSF-funded Quality Elementary Science Teaching (QuEST) project, which investigates 

the impacts of a practicum-based professional development model on teacher and student 

learning. The QuEST program was implemented for a total of three years with 

participation from third, fourth, and fifth grade teachers from schools across seven 

districts – two rural, two urban, and three suburban – in a Midwestern state. Thirty-eight 

fifth grade teachers comprised the final cohort of teachers. Prior to, and at the end of the 

academic year following the summer institute, participants were asked to complete a 

Lesson Plan Task, a three-part task that includes submission of a lesson plan, 

questionnaire, and interview (existing data). The 19 teachers who participated in the final 

data collection and included scientific practices in their lessons plans are included as 

participants of this research study.  
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The goals of the initial analysis of the post-program Lesson Plan Task was to (1) 

inventory the range of scientific practices addressed in teachers’ lessons, and (2) identify 

instrumental cases for exploring a continuum of ways that teachers conceptualize those 

practices. During the initial analysis, instances of the SEPs found in teachers’ lesson 

plans were more closely examined to determine which would lend themselves to fruitful 

conversations about the practices. This was accomplished by identifying the “pros” and 

“cons” of following up on each of the practices included by teachers and highlighting the 

instances I was most interested in pursuing. 

From this initial analysis, purposeful sampling, or the intentional selection of 

participants (Savin-Badin & Howell Major, 2013), was used to select a sub-set of the 19 

of teachers to participate in a follow-up semi-structured interview (new data). A sub-set 

of nine teachers were asked to participate in a follow-up interview. Of the nine who 

received the recruitment email, six agreed to participate. 

Participant information. As previously mentioned, these fifth grade teachers 

come from a cross-section of rural, urban, and suburban schools in a Midwestern state. 

While their number of total years teaching ranges from 0 (at the start of the QuEST 

summer institute) to 30 years, the majority of these teachers (74%) had 0-5 years of 

experience teaching fifth grade prior to the start of the professional development summer 

institute. Moreover, only 16% of teachers self-reported that they felt well-qualified to 

teach science.  

Table 5. Teacher profiles (before the start of the QuEST program) 

Teacher 

Identifier 

School Teaching experience 

(total/at fifth-grade) 

Preparedness to teach 

science 

322  Suburban 6 0 Adequately qualified 

310 Rural 16 5 Adequately qualified 
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Teacher 

Identifier 

School Teaching experience 

(total/at fifth-grade) 

Preparedness to teach 

science 

330  Suburban 25 21 Well-qualified 

315  Rural 4 4 Well-qualified 

335  Suburban 13 1 Adequately qualified 

316  Rural 1 0 Adequately qualified 

320  Urban 19 13 Adequately qualified 

321  Rural 15 7 Adequately qualified 

301  Urban 30 1 Well-qualified 

324  Suburban 1 0 Adequately qualified 

325  Rural 19 10 Adequately qualified 

307  Urban 15 1 Adequately qualified 

326  Suburban 5 3 Adequately qualified 

313  Urban 7 2 Adequately qualified 

332  Rural 1 1 Adequately qualified 

333  Suburban 9 1 Adequately qualified 

318  Suburban 10 3 Adequately qualified 

319  Urban 30 1 Adequately qualified 

336  Rural 20 7 Adequately qualified 

 

The six teachers who agreed to participate in the follow-up interview are 

highlighted in gray in Table 5, and are representative of the larger group of teachers. 

While four of the six teachers had more than five years’ experience teaching, only one 

had more than five years’ experience teaching fifth grade. That is, the majority of 

teachers had been newly assigned to the grade level and its accompanying science subject 

matter. Furthermore, only two teachers reported feeling ‘well-qualified’ to teach science.  

Data Collection  

Data sources for this study included both existing data collected as part of the 

QuEST project, and new data generated from a pre-interview task and semi-structured, 

follow-up interview. 

Existing data. The study began with an analysis of existing data from QuEST, 

specifically a three-part task including a lesson, questionnaire, and interview. As a 

Graduate Research Assistant (GRA) on the project, I was involved in both the data 
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collection and analysis of this existing data. Though teachers’ Lesson Plan Tasks had 

been analyzed to answer various research questions, the data had not been analyzed for 

the inclusion of the NGSS SEPs. Thus, the data was newly analyzed for the purposes of 

this study. The Lesson Plan Task is a combination of the Lesson Preparation Method, 

adapted from (Valk & Broekman, 1999) which was designed to probe preservice teachers’ 

ideas about their teaching practices, and the Content Representation tool (CoRe; 

Loughran, Mulhall, & Berry, 2004), also designed to uncover teacher ideas about 

teaching and learning. Prior to participation in the professional development program, 

teachers were asked to submit a lesson and complete the CoRe questionnaire – the CoRe 

is a matrix that outlines important aspects of teaching and learning of specific science 

content (e.g. what teachers intend students to learn, difficulties/limitations connected with 

the content, specific strategies they plan to use and why). Following submission of their 

lesson plan and CoRe, teachers were interviewed to further probe specific ideas related to 

teaching and learning. Teachers completed this Lesson Plan Task prior to (pre-program), 

and at the end of the academic year (post-program) following the summer institute. 

Teachers post-program Lesson Plan Tasks were used for this research study. That is, 

teachers’ Lesson Plan Tasks will reflect a lesson the teachers identified as typical for their 

science instruction following the professional development program. Teachers’ Lesson 

Plan Tasks were analyzed to identify what NGSS SEPs teachers include in their plans for 

science instruction.  

New data. In addition to the existing data collected from the larger group of 19 

teachers, a pre-interview task and semi-structured, follow-up interview was collected and 

conducted with the smaller group of six teachers.  
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Pre-interview task. Prior to the semi-structured interview, teachers were asked to 

complete a pre-interview task in which they read through a list of statements related to 

considerable gaps between authentic science and school science as described in the 

literature (e.g. science is non-authoritative versus students need to find the right answer), 

and chose the statement they found most important (Figure 1). Statements were written 

for the practices most prevalent in teachers’ lesson plans. That is, a list of statements was 

generated for six different practices: (1) Developing and Using Models; (2) Planning and 

Carrying Out Investigations; (3) Analyzing and Interpreting Data; (4) Engaging in 

Argument from Evidence; (5) Constructing Explanations and Designing Solutions; and 

(6) Using Mathematics and Computational Thinking (see Appendix A for full pre-

interview task). Teachers’ choices and justifications provided insights into teachers’ ideas 

about science and science in the classroom.

 

Figure 1. List of statements related to gap between authentic and school science 

In addition to teachers’ written responses on the pre-interview task, a follow-up 

question about each practice included in the pre-interview task was incorporated into the 

semi-structured interview (see Appendix B) described below. For example, teachers were 

asked, “you indicated that [pre-interview task choice] was most important to you because 

[excerpt about why it was most important]. Tell me more about that. How is that reflected 

in your lesson plan?”  

Which instructional priority is most important to you related to PLANNING AND 

CARRYING OUT INVESTIGATIONS? 

 Students obtaining the intended results of an investigation 

 Students being able to explain the results of an investigation 

 Students following procedures for the investigation precisely 
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Semi-structured, follow-up interview. Central to data collection in 

phenomenological research is the interview. Teacher participants were asked to 

participate in a semi-structured interview in which teachers answered questions related to 

the Lesson Plan Task they previously completed for participation in the QuEST project, 

and questions related to the pre-interview task. Teachers’ Lesson Plan Task submissions 

were reviewed and the interview questions were designed (Figure 2) around the cognitive 

processes and epistemologies inherent in science tasks as described in the literature 

(Chinn & Malhotra, 2002; Windschitl et al., 2008). These interviews were used to 

understand teachers’ conceptions of scientific practices in their classrooms in terms of the 

activity and underlying epistemology of that activity.  

 
Figure 2. Steps used to create follow-up interview questions 

The following are two examples of how this process was accomplished. One 

teacher (Teacher 335) submitted student activity sheets designed to guide groups of 

students through a 5E learning cycle on conservation of matter. The other teacher 

(Teacher 322) submitted a lesson based on the NGSS performance expectation, “Develop 

a model to describe that matter is made of particles too small to be seen.”  
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Steps one and two. The first step of creating interview questions involved 

identifying instances of the practices in teachers’ lesson plans. Once those were 

identified, key questions determined what excerpts to pull from the lesson plan. For 

example, related to the practice, Planning and Carrying Out Investigations, key questions 

included, “how and with whom are students conducting the investigations?” and “for 

what purpose are students conducting the investigation?” Excerpts identified using these 

questions were extracted and compared with the description of the practices in the NGSS 

(Table 6). 

Table 6. Steps one and two of semi-structured interview question development 

Teacher Evidence from Lesson 

Plan/CoRe/Interview 

NGSS Descriptor (NGSS Appendix 

F, p. 7) 

335 “Exploring your ideas” 

 Other than having students taste 

water that has salt dissolved in 

it, what evidence could you use 

to convince students that the 

salt still exists? Conduct an 

investigation as a group to 

gather evidence to support the 

claim that salt still exists after it 

is dissolved in water.  

Plan and conduct an investigation 

collaboratively to produce data to 

serve as the basis for evidence, 

using fair tests in which variables 

are controlled and the number of 

trails considered. 

 

Make observations and/or 

measurements to produce data to 

serve as the basis for evidence for 

an explanation of a phenomenon or 

test a design solution. 

322 5-PS1-1. Develop a model to 

describe that matter is made of 

particles too small to be seen.  

 Linking question between 

activities: How does our model 

help explain mass and volume? 

 Activity: Build a mental model 

with previous knowledge to 

make an inference if each 

sphere/rod was broken in half, 

would you get the same result? 

Develop a model using an analogy, 

example, or abstract representation 

to describe a scientific principle or 

design solutions. 

 

Develop and/or use models to 

describe and/or predict phenomena. 
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This comparison allowed me to characterize how teachers are planning for the 

inclusion of scientific practices in their classroom, and the extent to which they match the 

intent of the NGSS. Additionally, these opportunities for engagement in scientific 

practices were used to develop follow-up questions related to cognitive processes, or how 

students are engaging in the practice, and underlying epistemology, or why students are 

engaging in the practice.  

Steps three and four. The cognitive processes and epistemic features described by 

Chinn and Malhotra (2002) served as the dimensions for question development. For 

example, several teachers’ lesson plans included a portion in which students were 

instructed to plan and conduct an investigation and/or an opportunity for students to 

develop and use models. Although the comparison of teachers’ lesson plans with the 

description in the NGSS reveals some similarities between the student activity and the 

intent of the NGSS practice, cognitive processes related to these practices (Chinn & 

Malhotra, 2002) were used to further probe how the activity teachers included in their 

lesson was similar and/or different from authentic science practices (Table 7).   

Table 7. Questions generated related to cognitive processes 

Practice Cognitive 

Process 

Authentic 

Inquiry 

Simple Inquiry  Probing 

Questions 

Planning and 

Carrying Out 

Investigations 

Designing 

Studies  

Scientists select 

and even invent 

variables to 

investigate 

Students 

provided 

variables, 

investigate one 

or two variables 

Tell me how 

students plan and 

carry out their 

investigations. 

Scientists invent 

complex 

procedures 

Students follow 

simple directions 

Scientists employ 

multiple controls 

and multiple 

measures of 

Students are 

usually told what 

to control; 

students are told 
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Practice Cognitive 

Process 

Authentic 

Inquiry 

Simple Inquiry  Probing 

Questions 

variables; 

difficult to 

determine what 

the controls 

should be 

what to measure 

or observe and it 

usually a single 

outcome variable 

Developing 

and Using 

Models 

Developing 

Theories 

Scientists 

construct theories 

postulating 

mechanism with 

unobservable 

entities 

Students uncover 

empirical 

regularities, they 

do not develop 

theories 

Tell me how 

your students 

developed their 

models. 

Scientists 

coordinate results 

from multiple 

studies and 

resolve 

inconsistencies 

Students do a 

single 

experiment, a 

certain range of 

observations, or 

a single 

demonstration 

How do other 

activities in this 

unit contribute to 

this model? 

 

This process of question development was continued with epistemological 

features as described by Chinn and Malhotra (2002) and Windschitl and colleagues 

(2008). In the example of the practices, Planning and Carrying Out Investigations and 

Developing and Using Models, applicable epistemic features were chosen to further 

probe teachers’ ideas about these science practices and their underlying epistemology 

(Table 8). 

Table 8. Questions generated related to epistemic features 

Practice Epistemic 

Feature 

Authentic 

Inquiry 

Simply Inquiry Probing 

Questions 

Planning and 

Carrying Out 

Investigations 

Purpose Scientists aim to 

build and revise 

theoretical 

model with 

unobservable 

mechanisms 

Students aim to 

uncover a 

simple 

regularity or 

understand a 

provided theory 

How do student 

make connections 

between this 

investigation and 

other scientific 

phenomena? 

 

 

Revisable Accomplished 

by evaluating 

Predictions are 

not part of larger 
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Practice Epistemic 

Feature 

Authentic 

Inquiry 

Simply Inquiry Probing 

Questions 

hypotheses that 

make sense 

within context 

of a potentially 

explanatory 

model 

sense-making 

theory, nothing 

to revise 

Developing 

and Using 

Models 

Theory-data 

coordination 

Scientists 

coordinate 

theoretical 

models with 

multiple sets of 

complex 

conflicting data; 

science seeks 

global 

consistency 

Students 

coordinate one 

set of 

observable 

results with 

conclusions 

about those 

observable 

results; students 

seek local 

consistency 

I noticed you 

focus on 

[concepts and 

representations]. 

How do students 

make connections 

between these? 

What if you were 

to use only one?  

Explanatory  Uses patterns in 

data and other 

sources of 

evidence to 

explain why 

focal 

phenomenon 

happens; models 

talked about as 

tools for 

explanation 

Testing 

curriculum in 

“conclusions” 

which 

summarize 

trends and 

patterns in the 

data, but do not 

include 

explanations 

How does their 

model help 

students make 

connections 

across 

phenomena? 

 

To probe dimensions of cognitive processes and epistemic features not present in 

teachers’ Lesson Plan Tasks, scenarios were constructed to elicit teachers’ ideas about 

these areas (Table 9).  

Table 9. Scenarios generated for cognitive processes and/or epistemic features NOT 

present 

Practice Epistemic 

Feature 

Authentic Inquiry Simply Inquiry Scenarios 

Planning and 

Carrying Out 

Investigations 

Responses 

to 

Scientists 

rationally and 

regularly 

Little scope to 

rationally 

discount data; 

What if a 

student were to 

get a result 
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Practice Epistemic 

Feature 

Authentic Inquiry Simply Inquiry Scenarios 

Anomalous 

Data 

discount 

anomalous data 

data are rejected 

as erroneous 

results when they 

contradict 

expectations 

other than the 

anticipated 

outcome. How 

would you 

respond to that? 

Theory-

ladenness of 

methods 

Methods are 

partially theory-

laden 

Methods are not 

theory laden 

(critical 

reflection on 

methods is not 

important) 

Suppose 

students wanted 

to access 

different data or 

tools for 

collecting data 

in order to 

conduct their 

investigation. 

How would you 

handle that? 

Developing 

and Using 

Models 

Generative Models/theories 

used to generate 

plausible 

hypotheses, new 

conceptions, new 

predictions at any 

point in the 

inquiry 

Models/theories 

considered to be 

only an end-

product of 

inquiry, but more 

often, are not 

talked about at all 

Suppose 

students 

developed a 

model that was 

incorrect. How 

would you 

handle that? 

 

What if a 

student said 

their model was 

“finished?” 

How would you 

respond to that? 

 

On top of the follow-up questions developed for the practices evident in teachers’ 

lesson plans, questions designed to explicitly target teachers’ practical and formal 

epistemologies were also included in the interview. For example, while discussing each 

practice included in teachers’ lesson plans, teachers were asked “how are what students 

are doing [insert practice here] like what scientists do and how is it different?” Two 

additional questions aimed at the lesson plan in general were also included at the end of 
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the interview: (1) how is this activity reflective of how scientists go about their work? 

How is it different; and (2) could you make this more like what scientists do? Why or 

why not? How?  

Data Analysis Techniques 

Phenomenological analysis, as described by Giorgi (2009) and reiterated by Wertz 

(2011), was conducted to understand teachers’ conceptions of authentic science. As a 

researcher conducting phenomenological analysis, I began analysis with a close reading 

of all interview transcripts and artifacts. Following this open reading, ‘meaning units,’ or 

segments of the data that were relevant to the phenomenon under study, authentic science 

practices, were identified. Throughout analysis, these meaning units were further 

differentiated in order to facilitate analysis and answer the research questions. Upon 

reflection of these meaning units and what they reveal about the phenomenon, insights or 

common themes were integrated to construct a description of the scientific practices 

included in elementary teachers’ lesson plans, and teachers’ conceptions of scientific 

practices in the classroom, as well as the extent to which those are reflective of authentic 

science. 

Research question one. Teachers’ Lesson Plan Tasks were used to help determine 

what science practices teachers include in science lesson plans following their 

participation in a PD program curriculum designed around the NGSS. A comparison of 

how teachers are utilizing these practices with the intended usage of the practices as 

described in the NGSS helped determine to what extent they are reflective of more 

authentic scientific practices.  
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The analyses of teachers’ Lesson Plan Tasks were accomplished through the 

completion of the first two steps described above (Figure 2). As demonstrated in the 

examples above (Table 6), excerpts taken directly from teachers’ Lesson Plan Tasks were 

compared to language used in the NGSS to characterize how teachers are using the 

practices in their instruction and to what extent they are reflective of the intent of the 

practices. For instance, using the above example (Table 6), I can determine that Teacher 

335 is asking students to collaboratively plan and conduct an investigation for the 

purpose of gathering evidence to support a claim. What is missing from this particular 

teachers’ lesson plan is evidence of students controlling variables to conduct this 

investigation or considering the number of trials, both of which are included in the NGSS 

description of this dimension of the practice, Planning and Carrying Out Investigations. 

Thus, this initial analysis would indicate that this teacher placed an emphasis on planning 

and conducting an investigation as a group to support a specific claim, and not on the 

other facets of that particular NGSS descriptor (e.g. conducting a fair test by controlling 

variables and considering the number of trials).  

Following this initial comparison of teachers’ Lesson Plan Tasks and the 

descriptors in the NGSS, I looked for patterns across the evidence of the NGSS SEPs. 

More specifically, I looked for similarities within each NGSS descriptor, then across the 

descriptors, and finally across all practices. For example, one of the five student 

expectations related to Planning and Carrying Out Investigations, states that students 

should “plan and conduct an investigation collaboratively”; however, the language used 

in teachers’ lesson plans suggest that the teachers, not students, are the ones planning the 

investigations. The NGSS states that it is “always important for [students] to state the 
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goal of the investigation, predict outcomes, and plan a course of action that will provide 

the best evidence to support their conclusions” (NGSS Appendix F, p. 7). Despite the 

intent of the NGSS, this pattern was found across the NGSS descriptors, and across the 

practices and thus became a theme related to teachers’ plans for the inclusion of the 

practices. Upon reflection of this theme and others like it, an assertion was made: 

teachers engage their students in the practices in more teacher-directed and/or structured 

ways. This process continued throughout analysis of teachers’ Lesson Plan Tasks and 

several assertions emerged to answer the research question.  

Research question two. Although reform documents and corresponding 

curricular materials will encourage teachers to include scientific practices in their 

instruction, little research has been conducted on how teachers’ understand these 

practices. To understand teachers’ ideas, semi-structured interview questions were 

designed to elicit teachers’ ideas about scientific practices in the classroom in terms of 

both the nature of student activity, or how students engage in the practices, and the 

underlying epistemology, or why students are engaging in the practice.  

To reiterate, teachers’ Lesson Plan Tasks were used to determine instances where 

teachers planned for student engagement in scientific practices. Teachers’ ideas about 

these practices were probed using questions generated around the cognitive processes and 

epistemic features of science tasks as described by Chinn and Malhotra (2002) and 

Windschitl and colleagues (2008). Responses to these questions, as well as questions 

designed to explicitly target teachers’ practical and formal epistemologies were analyzed 

to understand teachers’ conceptions about authentic science practices.    
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Additionally, the pre-interview task was used to elicit teachers’ priorities related 

to considerable differences found between authentic science tasks and school science 

tasks. For example, one considerable difference between authentic science and science as 

it is portrayed in many classrooms is, science is non-authoritative, yet in many 

classrooms, the focus is on getting the “right” answer. Thus, several statements about 

students’ engagement in the practice, Planning and Carrying Out Investigations, were 

created around this theme (Figure 1) and teachers asked to select the one they thought 

was most important. Several sets of statements related to different practices were 

provided and used to further examine teachers’ conceptions of authentic science.  

As previously mentioned, phenomenological analysis was conducted with the pre-

interview task and the follow-up interview. Each step of this process, described by Wertz 

(2011), but made explicit by Giorgi (2009) are described below. 

Close reading and identification of ‘meaning units’. To begin phenomenological 

analysis of teacher data, I engaged in an open reading of teacher data to get a sense of the 

data as a whole (Wertz, 2011). Following an open reading of the data, ‘meaning units’, or 

segments of the data related to the phenomenon under study and whose size and content 

lend themselves to analytic reflection that can answer the research questions were 

identified (Wertz, 2011). For this particular study, meaning units were identified related 

to teachers’ ideas about science practices, both in terms of the nature of student activity 

and the underlying epistemology of those activities. The following excerpts serve as 

examples of how those meaning units were identified (Table 10).  
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Table 10. Examples of interview excerpts and meaning units 

Teacher Response to Interview Question Meaning Unit 

Int.:       Can you tell me how students 

plan and carry out investigations 

whether it’s in this lesson or just 

in science in general?  

T322:  okay um, unfortunately there are 

very few times that I would say that 

like a whole experiment is planned 

out by them um being in fifth grade 

I do try to make it structured, I do 

have an idea of where their end 

goal may be or what I want them to 

gain um and they may get there in 

any way that works for them and I 

guess depending on the group um I 

may give them multiple choices 

and they choose which way to 

determine that or I may say you 

have these items, these items, these 

items how are you going to prove 

your thinking or something like 

that so giving them choice but yet 

structure at the same time um is 

important to me  

There are very few times that I would say 

that like a whole experiment is planned 

out by them um being in fifth grade I do 

try to make it structured, I do have an 

idea of where their end goal may be or 

what I want them to gain um and they 

may get there in any way that works for 

them and I guess depending on the group 

um I may give them multiple choices and 

they choose which way to determine that 

or I may say you have these items, these 

items, these items how are you going to 

prove your thinking or something like 

that so giving them choice but yet 

structure at the same time um is 

important to me 

 

 

Int.:  so then how do students make 

connections between evidence 

and their explanations? 

T335:  hm yea some need some guiding 

for sure um so I feel like that’s 

partially where if you are 

successful in your pairings in your 

grouping that you have some I 

don’t want super low I don’t want 

with super high, but just a hair bit 

of scaffolding from somebody in 

the group that’s helpful um and 

then sometimes it is as simple as 

even visually providing some color 

coding and oh wow I looked at all 

of these and these are all green, in 

Some need some guiding for sure um so I 

feel like that’s partially where if you are 

successful in your pairings in your 

grouping that you have some I don’t want 

super low I don’t want with super high, 

but just a hair bit of scaffolding from 

somebody in the group that’s helpful um 

and then sometimes it is as simple as 

even visually providing some color 

coding and oh wow I looked at all of 

these and these are all green 
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Teacher Response to Interview Question Meaning Unit 

fact today they actually um I was 

going to grab it out of the recycling  

Int.:  yea love that 

T335:  because I had a group that like they 

were able to figure out before they 

were already finished so this is 

(both looking at sheet of paper 

from recycling bin) they were like 

oh it’s gotta be h because we 

haven’t crossed out any h’s so they 

were looking for patterns without 

like they were already going there 

which is great so that group knew 

and I’m not saying that group in 

particular but there was a group 

who was like oh yea it’s got to be 

this because we haven’t they 

haven’t had any of these indicators 

so far so it’s got to be this is the 

place where we want to dig the 

well 

 

In both examples, the meaning units extracted were related to how they were engaging 

their students in the practices, or the nature of student activity (e.g. students are provided 

with structure in order to conduct investigations, and students are provided scaffolds in 

the form of grouping and visuals). 

Meaning units differentiated and common themes identified. Once meaning 

units were identified, a reflection on these individual meaning units was conducted in 

order to determine what they revealed about the phenomenon under study, science 

practices. This process involved making implicit meanings explicit, distinguishing the 

various components of the meaning units and understanding the relationships among 

them, thematizing recurrent experiences, descriptions, and meanings, and verifying, 



 

57 

 

modifying, and reformulating themes after returning to the data (Wertz, 2011). This 

process was conducted with each practice for each teacher, and continued across teachers 

and across practices. Following this reflection on meaning units across teachers and 

across the practices, assertions were made in order to answer the research questions. This 

process is illustrated using the examples from Table 11. 

Table 11. How themes and assertions were generated 

Meaning Unit Reflection and Resulting 

Theme 

Assertion 

T322: There are few times 

that I would say that like a 

whole experiment is 

planned out by them um 

being in fifth grade I do try 

to make it structured, I do 

have an idea of where their 

end goal may be or what I 

want them to gain...I guess 

depending on the group um 

I may give them multiple 

choices and they choose 

which way to determine 

that or I may say you have 

these items, these items, 

these items how are you 

going to prove your 

thinking…so giving them 

choice but yet structure at 

the same time 

Teacher describes how 

students “plan” their 

investigations. She has an 

end goal in mind, but also 

makes attempts to provide 

students with options. 

Thus, while she appears to 

value some student choice, 

the way students plan 

investigations is more 

teacher-driven. 

Teachers engage their 

students in practices using 

more teacher-driven and/or 

structured approaches.  

T335: Some need some 

guiding…I feel like that’s 

partially where if you are 

successful in your pairings 

in your grouping that you 

have some I don’t want 

super low I don’t want with 

super high, but just a bit of 

scaffolding from somebody 

in the group that’s helpful 

um and then sometimes it 

is as simple as even 

Teacher describes how 

students analyze their data. 

She uses purposeful/ 

intentional grouping to 

provide some scaffolding, 

as well as visual supports 

(color coding). Thus, she 

provides structure through 

the use of grouping and 

visual scaffolds. 
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Meaning Unit Reflection and Resulting 

Theme 

Assertion 

visually providing some 

color coding 
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Chapter 3: Opportunities to Engage in Scientific Practices: An Analysis 

of Lesson Plans 

With the emphasis on students’ understanding and ability to engage in science and 

engineering practices as outlined by recent reform documents like the A Framework for 

K-12 Science Education (NRC, 2012) and the Next Generation Science Standards 

(NGSS; NGSS Lead States, 2013), teachers are going to be responsible for transforming 

their science teaching so that they include these practices. Although NGSS-aligned 

curricular materials offer one means of supporting teachers in implementing these 

practices in their classrooms, teachers’ beliefs about science influence their planning 

process and how those plans are enacted in the classroom (Bismack et al., 2014). That is, 

teachers are instrumental in how these practices are presented to students in the 

classroom. If teachers hold naive views of science and do not understand the pedagogical 

rationale for the inclusion of the NGSS Science and Engineering Practices (SEPs), they 

may implement curricula in ways that are inconsistent with how science is practiced in 

the field. For example, teachers’ emphasis of the scientific method, which perpetuates the 

illusion of a single process through which all science is conducted (Windschitl et al., 

2008), demonstrates how the intent of reform can be misconstrued when introducing new 

practices in the classroom. As such, it is important to characterize how teachers 

understand the NGSS SEPs, and how they conceptualize instruction that incorporates 

these practices. Accordingly, this research paper examines how elementary teachers 

conceptualize NGSS scientific practices through the following questions: 

1. What science practices are included in teachers’ plans for science instruction and in 

what ways? 
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2. To what extent are the science practices emphasized in ways that are reflective of 

authentic science? 

Theoretical/Conceptual Framework and Background Literature 

Based on the literature and current reform documents, ‘authentic’ science, or 

science as it is practiced in the real-world of science can be defined through the eight 

Science and Engineering Practices (SEPs) outlined in the Framework and the NGSS: 

1. Asking Questions and Defining Problems 

2. Developing and Using Models 

3. Planning and Carrying Out Investigations 

4. Analyzing and Interpreting Data 

5. Using Mathematics and Computational Thinking 

6. Constructing Explanations and Designing Solutions 

7. Engaging in Argument from Evidence 

8. Obtaining, Evaluating, and Communicating Information  

Although the SEPs have been offered as a means of making school science more 

reflective of science as it is practiced in the field, research related to the practices 

suggests that the practices can still be implemented in ways that are unreflective of 

science. 

Science practices. The NGSS now specify engaging students in science practices 

as a key objective of science education. The use of scientific practices is an intentional 

attempt to specify what is meant by ‘inquiry’ in science, a term referred to in previous 

standards documents, but interpreted in many different ways within the science education 

community (NRC, 2012). Schwarz and colleagues (2017) also describe the practices as a 
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way to articulate more clearly how successful inquiry looks when it results in scientific 

knowledge construction. Thus, engaging students in scientific practices gives students a 

more accurate view of the scientific enterprise.  

Truly engaging in scientific practices, however, will require a shift from “doing 

the lesson” (Jimenez-Aleixandre, Rodriguez, & Duschl, 2000) or going through the 

motions of school science (Reiser et al., 2017), to co-constructing investigations to 

answer phenomena-based questions. Other researchers also echo the importance of 

engaging students in science practices in which they are ‘figuring out’ phenomena rather 

than ‘learning about’ phenomena, stating “making sense of the world, or sense-making 

for short, is the fundamental goal of science and should be at the core of what happens in 

science classrooms” (Schwarz et al., 2017, p. 6). This will require students to take on 

more responsibility in the classroom and thus, require teachers to share the role of 

epistemic agent, or individual responsible for shaping the knowledge and practice of a 

community, with students (Reiser et al., 2017; Stroupe, 2014).  

Although researchers have found that students are capable of engaging in science 

practices in ways that more closely resemble science as it is practiced in the field (Dickes 

et al., 2016; Krist, 2016; Kuhn et al., 2017; Ryu & Sandoval, 2012), challenges remain 

(Forbes et al., 2015; McNeill, 2011). Thus, while the NGSS SEPs have been offered as a 

means of achieving a more authentic vision of science in the classroom, further research 

is needed to determine how to support these practices in the classroom. In particular, 

further research is need to explore how teachers’ conceptions of science practices inform 

their plans for inclusion of the SEPs in their classrooms. 
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The importance of teachers’ conceptions of the NGSS SEPs. Research suggests 

that while teachers may be using scientific practices in the classroom, the way those 

practices are implemented may be different from the way the curriculum intended, or 

ways that are reflective of science as it is practiced in the field (Bismack et al., 2014). 

This was evident in Macpherson’s (2016) investigation of the differences between 

arguments that ecologists engage in and the ecological arguments presented in school 

argumentation tasks. She found that these school argumentation tasks were lacking 

components heavily emphasized by ecologists, yet she did not examine whether teachers’ 

understood the practice and epistemological components missing from school 

argumentation tasks. Similarly, in Ricketts’ (2014) investigations of preservice 

elementary teachers’ ideas about the NGSS SEPs, it was unclear whether or not 

preservice teachers understood the SEPs, or needed supports in understanding how to 

engage their students in these practices. Kawasaki and colleagues (2017) examined 

secondary teachers’ understanding of the goals of the NGSS, as well as how they 

described using the SEPs in their teaching and found that their descriptions were not 

aligned with the goals of the Framework and NGSS. Most recently, Kang and colleagues 

(2018) examined teachers’ confidence and ideas for enactment of the practices through 

the lens of Pedagogical Content Knowledge (PCK). Their analysis demonstrated that 

teachers had more developed ideas about some practices than others.  

The aforementioned literature demonstrates the importance of understanding 

teachers’ views of new reform, like the NGSS SEPs, in transforming school science so 

that is it more reflective of authentic science. Although some research has examined 
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teachers’ ideas about science practices, we have yet to fully understand how these ideas 

inform teachers’ plans to engage students in the practices. 

Epistemologies of science. Sandoval (2005) describes scientific epistemologies 

as “descriptions of the nature of scientific knowledge, including the sources of such 

knowledge, its truth value, scientifically appropriate warrants, and so forth” (p. 635). 

While students’ practices of inquiry appear to share much with scientific practices, 

Sandoval (2005) asserts that students’ expressed epistemological beliefs seem “hopelessly 

naïve” (p. 635). He proposes the difference between two epistemologies, practical 

epistemologies and formal epistemologies, as an explanation for why simply engaging in 

scientific practices is not enough to change students’ ideas about professional science.  

Practical and formal epistemologies. Practical epistemologies are described as 

the set of ideas that students have about their knowledge production in school science, 

whereas formal epistemologies are defined as the set of ideas about scientific knowledge 

and its production that students have about professional, or formal science (Sandoval, 

2005). Practical epistemologies also describe the epistemological ideas that students 

apply to their own scientific knowledge building through inquiry. Thus, how inquiry – or 

practices – is/are implemented in the classroom has consequences for the epistemological 

ideas that students have about their work and the work of scientists. Applying this to 

teachers, making the distinction between the two can provide insight into how to support 

teachers in transforming their classroom practices in a way that makes students 

understand their actions as reflective of authentic science practices.  

Currently, we know little about the epistemological conceptions that guide 

teachers’ decision-making about engaging students in scientific practices. To understand 
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the specific epistemological beliefs that guide students’ practices, Sandoval (2005) 

recommended researching students’ own perspectives on science practices by examining 

artifacts and the discourse students have as they construct these artifacts Similarly, to 

examine teachers’ perspectives on science practices it would be useful to examine 

artifacts such as lesson plans, and the ideas informing their constructions of these plans.   

Methodology 

Participants and context. Participants in this study were drawn from a cohort of 

fifth grade teachers who participated in the NSF-funded Quality Elementary Science 

Teaching (QuEST) project, which investigates the impacts of practicum-based 

professional development model on teacher and student learning. The QuEST 

professional development program consisted of a two-week summer institute, as well as 

four follow-up, Saturday sessions throughout the year. During week one of the summer 

institute, teachers participated as learners in a curriculum designed around the NGSS. 

Teachers spent week two applying what they learned from week one and modifying the 

curriculum for fifth grade students. Prior to, and at the end of the academic year 

following the summer institute, participants in the professional development program 

were asked to complete a Lesson Plan Task, a three-part task that asked teachers to 

submit a lesson plan that typified their science instruction and answer the subsequent 

questionnaire, as well as participate in an interview to follow-up on the lesson plan and 

questionnaire.  

Participant information. A total of 19 teachers participated in the final data 

collection and included science practices in their lesson plan and thus, serve as the 

population of participants for this study. All participants come from a cross-section of 
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urban, suburban, and rural areas of a Midwestern state. Table 12 provides information on 

participants’ school district, number of years teaching (total and in fifth grade), and their 

self-reported level or preparedness to teach science. 

Table 12. Teacher profiles (before the start of the QuEST program) 

Teacher 

Identifier 

School Teaching experience 

(total/at fifth-grade) 

Preparedness to teach 

science (self-reported) 

322  Suburban 6 0 Adequately qualified 

310 Rural 16 5 Adequately qualified 

330  Suburban 25 21 Well-qualified 

315  Rural 4 4 Well-qualified 

335  Suburban 13 1 Adequately qualified 

316  Rural 1 0 Adequately qualified 

320  Urban 19 13 Adequately qualified 

321  Rural 15 7 Adequately qualified 

301  Urban 30 1 Well-qualified 

324  Suburban 1 0 Adequately qualified 

325  Rural 19 10 Adequately qualified 

307  Urban 15 1 Adequately qualified 

326  Suburban 5 3 Adequately qualified 

313  Urban 7 2 Adequately qualified 

332  Rural 1 1 Adequately qualified 

333  Suburban 9 1 Adequately qualified 

318  Suburban 10 3 Adequately qualified 

319  Urban 30 1 Adequately qualified 

336  Rural 20 7 Adequately qualified 

 

As evidenced by Table 12, the number of total years teaching ranges from one to 30; 

however, the majority of teachers (74%) had 0-5 years of experience teaching fifth grade 

prior to the professional development program. Moreover, only 16% of teachers self-

reported that they felt well-qualified to teach science. 

Data collection. A three-part Lesson Plan Task consisting of a lesson plan, 

questionnaire, and interview was analyzed to answer the research questions. As a 

Graduate Research Assistant (GRA) on the QuEST project, I was involved in both the 

data collection and analysis of the Lesson Plan Task. Though teachers’ Lesson Plan Tasks 
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had been analyzed to answer various research questions, the data was newly analyzed for 

the inclusion of the NGSS SEPs. The Lesson Plan Task is a combination of the Lesson 

Preparation Method, adapted from Valk and Broekman (1999) which was designed to 

probe preservice teachers’ ideas about their teaching practices, and the Content 

Representation tool (CoRe; Loughran et al., 2004) also designed to uncover teacher ideas 

about teaching and learning. Prior to and following the professional development 

program, teachers were asked to submit a lesson plan that typified their science 

instruction and complete the CoRe questionnaire, a matrix that outlines important aspects 

of teacher and learning of specific science content (e.g. what teachers intend students to 

learn, difficulties/ limitations connected with the content, specific strategies they plan to 

use and why). Following submission of their lesson plan and CoRe, teachers were 

interviewed to further probe specific ideas related to teaching and learning. For this study, 

teachers’ post-program Lesson Plan Tasks were analyzed to determine what SEPs 

teachers included in their plans for science instruction.  

Data analysis. To determine what SEPs teachers were including in their lesson 

plans and to what extent they were reflective of authentic science, evidence of the 

practices were identified in teachers’ Lesson Plan Tasks. Following the identification of 

the SEPs, teachers’ descriptions of student engagement in these practices were compared 

to the student expectations included in the NGSS Appendix F. Figure 1 illustrates what is 

meant by the student expectations included in the NGSS Appendix F, and further 

described in this paper as the NGSS descriptors of the dimensions of the practices.  
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Figure 3. Image of descriptors of student expectations by grade band in NGSS (NGSS 

Appendix F, p. 4) 

In this paper, these bulleted descriptors are used to determine the extent to which 

teachers’ plans for students’ engagement in practices are reflective of more authentic 

science practices. An example of how the comparison was made is provided in Table 13. 

More specifically, the colors are used to make direct comparisons between the language 

in teachers’ Lesson Plan Tasks and the descriptions in the NGSS (e.g. “as a group” 

similar to “collaboratively”).    

Table 13. Comparison of evidence from teachers' Lesson Plan Tasks and NGSS 

descriptors 

Teacher Evidence from Lesson 

Plan/CoRe/Interview 

NGSS Descriptor (Appendix F, p. 

6-7) 

335 “Exploring your ideas” 

 Other than having students taste 

water that has salt dissolved in 

it, what evidence could you use 

to convince students that the 

Plan and conduct an investigation 

collaboratively to produce data to 

serve as the basis for everything, 

using fair tests in which variables 
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Teacher Evidence from Lesson 

Plan/CoRe/Interview 

NGSS Descriptor (Appendix F, p. 

6-7) 

salt still exists? Conduct an 

investigation as a group to 

gather evidence to support the 

claim that salt still exists after it 

is dissolved in water.  

are controlled and the number of 

trials considered. 

 

Make observations and/or 

measurements to produce data to 

serve as the basis for evidence for 

an explanation of a phenomenon or 

test a design solution. 

322 5-PS1-1. Develop a model to 

describe that matter is made of 

particles too small to be seen.  

 Linking question between 

activities: How does our model 

help explain mass and volume? 

 Activity: Build a mental model 

with previous knowledge to 

make an inference if each 

sphere/rod was broken in half, 

would you get the same result? 

Develop a model using an analogy, 

example, or abstract representation 

to describe a scientific principle or 

design solutions. 

 

Develop and/or use models to 

describe and/or predict phenomena. 

 

As demonstrated in Table 13, excerpts taken directly from teachers’ Lesson Plan Tasks 

were compared to language used in the NGSS to characterize how teachers’ are using the 

practices in their classrooms and to what extent they are reflective of the intent of the 

practices. Using the above example (Table 13), Teacher 322 asks students how “our” 

model is used to help explain mass and volume, suggesting that students have already 

developed a model and are now using it to describe the relationship between mass and 

volume. Thus, this initial analysis would indicate that this teacher has included 

opportunities to develop a model to describe scientific principles.  

Following this initial comparison of evidence in teachers’ Lesson Plan Tasks and 

the descriptors in the NGSS, I looked for patterns across comparisons. More specifically, 

I looked for similarities within each NGSS descriptor, across the descriptors, and across 

all practices. The NGSS states that it is “always important for [students] to state the goal 
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of the investigation, predict outcomes, and plan a course of action that will provide the 

best evidence to support their conclusions” (NGSS Appendix F, p. 7). However, a 

comparison between the language used in teachers’ lesson plans and the NGSS 

descriptors suggest that the teachers are the ones planning the investigations, not students. 

Thus, although the NGSS calls for an engagement in the practices in more student driven 

ways, this pattern was common across descriptors and across practices and consequently 

became a theme related to teachers’ plans for the inclusion of the practices. Upon 

reflection of this theme (e.g. teachers are planning investigations, planning how to 

analyze data, etc.), and ones like it (e.g. teachers are including structures to guide 

engagement in the practices such as investigative charts), an assertion was made: teachers 

engage their students in the practices in more teacher-directed and/or structured ways. 

This process continued throughout analysis of teachers’ Lesson Plan Tasks and several 

assertions emerged to answer the research questions.  

Results 

Analysis of teachers’ lesson plans indicate that while all eight Science and 

Engineering Practices (SEPs) are present in the collection of Lesson Plan Tasks analyzed 

(n=19), some practices were included more frequently than others. The number of 

teachers including each practice in their lesson plans is as follows: 
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Figure 4. Number of teachers who included the practice in their plans for instruction 

Although some practices were more popular than others (Figure 4), it is not clear if this 

was typical of teachers’ lesson plans and if their plans would always reflect a greater use 

of these particular practices. The instructions for the lesson plan submission requested that 

teachers upload a lesson on the small particle model. Thus, participants in this study likely 

included the practice, Developing and Using Models – a practice they may not include as 

frequently in other science lessons. Additionally, while practices such as Analyzing and 

Interpreting Data, and Engaging in Argument from Evidence were found less frequently 

than other practices, their inclusion in teachers’ Lesson Plan Tasks were often more robust 

than the inclusion of other practices. That is, teachers provided greater description of these 

practices than they did others. More specifically, the practices Asking Questions and 

Defining Problems, and Obtaining, Evaluating, and Communicating Information, while 

included by a number of teachers, were not described in detail. Moreover, it was often not 

clear whether activities related to these practices were included as general instructional 
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practices or as science specific practices. For example, if students were asked to create a 

PowerPoint, it was not clear from teachers’ descriptions of the activity whether it was for 

the purpose of communicating scientific information or as a general assessment strategy. 

As a result of the lesson plan submission instructions and the variety with which 

teachers described each practice, analysis focused on comparing the descriptors in the 

NGSS to instances in teachers’ lesson plans that aligned with those descriptors, as opposed 

to the frequency with which each were evident. In other words, analysis focused on how 

teachers planned to engage students in the SEPs and the extent to which those matched the 

intent of the NGSS. In addition to the variation in practices included in teachers’ lesson 

plans, the language used to indicate the inclusion of a NGSS SEP in lesson plans varied 

from practice to practice. In some cases, teachers’ reiterated a performance expectation 

(PE) as the standard to be covered in their lesson (e.g. Develop a model that describes that 

matter is made of particles too small to be seen). In most other instances, however, teachers 

described how they planned to engage students in these practices (e.g. “Students will 

develop their own models to describe phenomena. They will build and revise simple 

models” Teacher 301).  

Several assertions about how teachers are planning to engage students in these 

practices can be made following analysis of the evidence in teachers’ Lesson Plan Tasks: 

(1) The descriptors of the dimensions of the practices were only partially represented; and 

(2) Instruction of the practices was primarily teacher-driven and implicit, rather than 

student centered and explicit. 

Partial representation of the NGSS descriptors of the dimensions of practice. 

For each practice, the NGSS describes a set of tasks students should be engaging in for 
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the practice to more closely resemble the practices of science. In this paper, these 

descriptors are used to determine the extent to which teachers’ plans for students’ 

engagement in practices are reflective of more authentic science practices. The first step 

in determining the extent to which teachers’ plans were reflective of authentic science 

was tallying the number of times evidence from teachers’ Lesson Plan Tasks aligned with 

one of the descriptors in the NGSS. This revealed interesting patterns related to the 

inclusion of the NGSS descriptors in teachers’ lesson plans (see Table 3). More 

specifically, many of the descriptors were not found in teachers’ Lesson Plan Tasks at all, 

while others were found only once or twice. Moreover, there were typically one or two 

descriptors within each practice that were significantly more prevalent in teachers’ lesson 

plans; however, aspects of the descriptor were often missing from the evidence found in 

teachers’ Lesson Plan Tasks.  

Some descriptors received little to no attention. There are several descriptors 

from each practice that are only mentioned once or twice or absent altogether. For 

example, although recognizing the limitations of models is identified as an important 

aspect of developing and using models, there was only one instance in which a teacher 

mentioned using computer models to fill in the gaps students might have in their 

knowledge following the creation of their models (annotated drawings) about gas 

particles (Teacher 315). This was common across practices. For instance, although there 

were a few opportunities for students to engage in argument from evidence, it was not 

clear whether students were fully engaging in the practice of argumentation as described 

in the NGSS. To engage in argumentation that more closely aligns with the practice of 

scientists, students are expected to use argumentation “to listen to, compare, and evaluate 
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competing ideas and methods based on their merits” (NGSS Appendix F, p. 13). Of the 

three teachers who included this practice in their Lesson Plan Tasks, only one described a 

process in which students were listening to, comparing, and evaluating each other’s 

arguments  

The frequency with which each descriptor was found and the descriptors that 

received little to no attention are highlighted in gray in Figure 5. It is important to note 

that while there was no evidence of these descriptors in teachers’ Lesson Plan Tasks, they 

might have been incorporated during the implementation of the lesson. However, the 

frequency with which particular descriptors are included provides insights into which 

descriptors teachers focus on in their plans for instruction. For example, related to the 

practice, Developing and Using Models, teachers’ Lesson Plan Tasks frequently included 

evidence of the descriptor, “Develop a model using an analogy, example, or abstract 

representation to describe a scientific principle or design solution” (NGSS Appendix F, p. 

6). This suggests that teachers are attending to this particular aspect of the practice more 

frequently than the others and thus, has implications for the ways in which students are 

engaging in the SEPs in the classroom.
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Practices Descriptors 

Asking questions and 

defining problems 

Ask questions about 

what would happen if a 

variable is changed. (1) 

 

Identify scientific 

(testable) and non-

scientific (non-testable) 

questions. (0) 

 

Ask questions that can 

be investigated and 

predict reasonable 

outcomes based on 

patterns such as cause 

and effect relationships. 

(9) 

 

Use prior knowledge to 

describe problems that 

can be solved. (0) 

 

Define a simple design 

problem that can be 

solved through the 

development of an 

object, tool, process, or 

system and includes 

several criteria for 

success and constraints 

on materials, time, or 

cost. (3) 

Developing and 

using models 

Identify limitations 

of models. (1) 

Collaboratively 

develop and/or 

revise a model 

based on evidence 

that shows the 

relationships 

among variables for 

frequent and 

regular occurring 

events. (3) 

Develop a model 

using an analogy, 

example, or 

abstract 

representation to 

describe a scientific 

principle or design 

solution. (14) 

 

Develop and/or use 

models to describe 

and predict 

phenomena. (8) 

 

Develop a diagram 

or simple physical 

prototype to convey 

a proposed object, 

tool, or process. (6)  

 

Use a model to test 

cause and effect 

relationships or 

interactions 

concerning the 

functioning of a 

natural or designed 

system. (0) 

Planning and 

carrying out 

investigations 

Planning and conduct an 

investigation 

collaboratively to 

produce data to serve as 

the basis for evidence, 

using fair tests in which 

variables are controlled 

and the number of trials 

considered. (16) 

Evaluate appropriate 

methods and/or tools for 

collecting data. (5) 

 

Make observations 

and/or measurements to 

produce data to serve as 

the basis for evidence 

for an explanation of a 

phenomenon or test a 

design solution. (12) 

 

Make predictions about 

what would happen if a 

variable changes. (6) 

 

Test two different 

models of the same 

proposed object, tool, or 

process to determine 

which better meets 

criteria for success. (0) 

Analyzing and 

interpreting data 

Represent data in tables 

and/or various graphical 

displays (bar graphs, 

pictographs and/or pie 

charts) to reveal patterns 

that indicate 

relationships. (5) 

Analyze and interpret 

data to make sense of 

phenomena, using 

logical reasoning, 

mathematics, and/or 

computation. (4) 

Compare and contrast 

data collected by 

different groups in order 

to discuss similarities 

and differences in their 

findings. (2) 

 

Analyze data to refine a 

problem statement or 

the design of a proposed 

object, tool, or process. 

(0) 

Use data to evaluate and 

refine solutions. (0) 
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Practices Descriptors 

Using mathematics 

and computational 

thinking 

Decide if qualitative or 

quantitative data are best to 

determine whether a proposed 

object or tool meets criteria for 

success. (1) 

 

Organize simple data sets to 

reveal patterns that suggest 

relationships. (7) 

 

Describe, measure, estimate, 

and/or graph quantities (e.g., 

area, volume, weight, time) to 

address scientific and 

engineering questions and 

problems. (14) 

Create and/or use graphs 

and/or charts generated from 

simple algorithms to compare 

alternative solutions to an 

engineering problem. (0) 

Constructing 

explanations and 

designing solutions 

Construct an 

explanation of observed 

relationships (e.g., the 

distribution of plants in 

the back yard). (7) 

 

Use evidence (e.g., 

measurements, 

observations, patterns) 

to construct an 

explanation or design a 

solution to a problem. 

(12) 

Identify the evidence 

that supports particular 

points in an explanation. 

(3) 

 

Apply scientific ideas to 

solve design problems. 

(0) 

 

Generate and compare 

multiple solutions to a 

problem based on how 

well they meet the 

criteria and constraints 

of the design solution. 

(0) 

Engaging in 

argument from 

evidence 

Compare and refine 

arguments based on 

an evaluation of the 

evidence presented. 

(1) 

 

Distinguish among 

facts, reasoned 

judgement based on 

research findings, 

and speculation in 

an explanation. (0) 

 

 

Respectfully 

provide and receive 

critiques from peers 

about a proposed 

procedure, 

explanation, or 

model by citing 

relevant evidence 

and posing specific 

questions. (0) 

Construct and/or 

support an 

argument with 

evidence, data, 

and/or a model. (3) 

 

Use data to 

evaluate claims 

about cause and 

effect. (0) 

Make a claim about 

the merit of a 

solution to a 

problem by citing 

relevant evidence 

about how it meets 

the criteria and 

constraints of the 

problem. (0) 

Obtaining, 

evaluating, and 

communicating 

information  

Read and comprehend 

grade-appropriate 

complex texts and/or 

other reliable media to 

summarize and obtain 

scientific and technical 

ideas and describe how 

they are supported by 

evidence. (3) 

Compare and/or 

combine across complex 

texts and/or other 

reliable media to 

support the engagement 

in other scientific and/or 

engineering practices. 

(0) 

 

Combine information in 

written text with that 

contained in 

corresponding tables, 

diagrams, and/or charts 

to support the 

engagement in other 

scientific and/or 

engineering practices. 

(0) 

Obtain and combine 

information from books 

and/or other reliable 

media to explain 

phenomena or solutions 

to a design problem. (4)  

 

Communicate scientific 

and/or technical 

information orally 

and/or in written 

formats, including 

various forms of media 

as well as tables, 

diagrams, and charts. 

(8) 

Figure 5. NGSS descriptors represented for each practice
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 Only partial attention given to descriptors. Also important to note is that while 

certain descriptors were prevalent throughout teachers’ Lesson Plan Tasks, often the task 

was not included in its entirety. Using the example from Table 13, one teacher’s lesson 

plan asked students to “Conduct an investigation as a group to gather evidence to support 

the claim” (Teacher 335), whereas the NGSS descriptor specified that students are 

expected to “Plan and conduct an investigation collaboratively to produce data to serve as 

the basis for evidence, using fair tests in which variables are controlled and the number of 

trials considered” (NGSS Appendix F, p. 7). In this instance, “using fair tests in which 

variables are controlled and the number of trails considered” (NGSS Appendix F, p. 7) 

was absent from the teacher’s lesson plan. This is not to suggest that it was absent from 

instruction, but rather that an emphasis was placed on conducting an investigation to 

gather evidence in the lesson plan and not on how that was going to be accomplished in 

the classroom. Further evidence of teachers describing only partial aspects of the NGSS 

descriptors was found following examination of all practices. 

Related to the practice, Developing and Using Models, teachers frequently asked 

students to describe “what happened to the particles” (Teacher 315) as a means of 

developing models to describe the scientific principle, matter is made of particles too 

small to be seen. Although many students were given the opportunity to develop models 

to describe this scientific principle, only a few teachers included evidence of having 

students use their models as specified in the descriptor, “Develop and/or use models to 

describe and predict phenomena” (NGSS Appendix F, p. 6). Table 14 illustrates the 

evidence of this descriptor included in teachers’ Lesson Plan Tasks and more specifically, 
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the focus on developing models to describe phenomena as opposed to using models to 

predict phenomena. 

Table 14. Evidence of the inclusion of the NGSS descriptor 

NGSS Descriptor Evidence from Teachers’ Lesson Plan Tasks 

Develop and/or use 

models to describe and 

predict phenomena. 

(Lesson/CoRe) 5-PS1-1. Develop a model to describe that 

matter is made of particles too small to be seen. 

How does our model help explain mass and volume?; Build a 

mental model with previous knowledge to make an inference

→if each sphere/rod was broken in half, would you get the 

same results? (Teacher 322) 

(Lesson) Students will build and revise a model to describe 

phenomena concerning matter in its particle form with a 

focus on matter in the gas state. (Teacher 301) 

(Lesson) Illustrate how you think this happened [inflated 

balloon in a bottle]. Then test your ideas. (Teacher 325) 

(Lesson) Once the students are finished, they will create a 

model of mixtures and solutions using poster board. (Teacher 

310) 

(Lesson) Students draw/write what happened to the particles 

in syringe on a poster; What is happening to the particles?; 

Why did you draw it that way?; How many particles are 

inside? (Teacher 315) 

(Lesson) Teacher will guide students into obtaining materials 

of equal amounts to create their model of a boat that is 

floating on water with sand and pebbles below .(Teacher 313) 

 

As evidenced by Table 14, one teacher asked students to build a model to make an 

inference. Although it would appear that students are using their mental models to make 

an inference, this teacher still emphasized the “building” of the mental model (Teacher 

322). Other evidence of this descriptor also indicates a focus on developing models to 

describe phenomena (e.g. illustrating how an inflated balloon got into a bottle, and 

drawing what happened to the particles in a syringe), rather than using those models to 

describe and/or predict phenomena. 
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Teacher-directed versus student-centered instruction. A comparison of 

evidence from teachers’ Lesson Plan Tasks and the NGSS descriptors indicate that 

teachers are engaging students in the practices in ways that more closely match the intent 

of the NGSS. However, evidence from teachers’ Lesson Plan Tasks indicate that the 

inclusion of these practices are still more teacher and/or curriculum directed than student 

directed. Reform documents like the Framework and the NGSS address the importance 

of student engagement in these practices – the descriptors in the NGSS are written as 

capabilities students are to achieve and master by the end of a grade band (grades K-2, 3-

5, 6-8, 9-12), not what teachers should understand and be able to do (NGSS Appendix F). 

As such, it is important for students to take ownership and engage in these practices in 

ways that scientists and engineers do, as intended by the NGSS.  

Despite the importance placed on student ownership of the practices, evidence 

from teachers’ Lesson Plan Tasks demonstrate a more teacher and/or curriculum centered 

approach to the inclusion of the practices. For example, asking good questions and 

clearly defining problems is described as essential when engaging in science and 

engineering (NGSS Appendix F), yet evidence in teachers’ Lesson Plan Tasks indicates 

that teachers are the ones asking questions, not students. For example, one teacher 

included instructions in her lesson plan that asked student to observe a bottle with an 

inflated balloon inside, “Obtain a bottle from the supply station for your group to 

observe. How do you think the inflated balloon got into the bottle? How does it stay 

inflated when the opening isn’t capped and the balloon isn’t tied?” (Teacher 333). 

Although the students were making observations, it appeared the teacher had already 

prepared several questions for the students. Furthermore, the NGSS states that it is 
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“always important for [students] to state the goal of the investigation, predict outcomes, 

and plan a course of action that will provide the best evidence to support their 

conclusions” (NGSS Appendix F, p. 7). However, in teachers’ descriptions of the practice, 

Planning and Carrying Out Investigations, there was little to no evidence of students 

stating the goals of the investigation or planning a course of action that will provide the 

best evidence to support their conclusions. Students were, however, asked to make 

predictions, yet students were predicting outcomes of an investigation planned by the 

teacher. For example, one teacher described a scenario in which she “asked the students 

to predict what would happen when we did the balloon/yardstick experiment the second 

time. The majority of students predicted the balloons with air still in them would move 

downward, signifying that they had more mass” (Teacher 330). While students were 

making predictions based on patterns of observations from previous explorations, these 

explorations were planned by the teacher. 

Although it was evident that the majority of teachers were planning for student 

engagement in the practices in ways that were more teacher and/or curriculum directed, 

there were instances in which teachers’ plans were more student centered. That is, there 

were variations in how teachers planned to engage their students in the NGSS descriptors 

of dimensions of each practice. To illustrate these variations, a description was generated 

from evidence in teachers’ Lesson Plan Tasks and related literature, and placed on a 

spectrum from teacher and/or curriculum directed to student directed. An example of how 

this was accomplished can be found in Figure 6; however, the variations across all 

dimensions and all practices can be found in Appendix K.  

Developing and Using Models 

In science, models are used to represent a system (or parts of a system) under study, to aid in 

the development of questions and explanations, to generate data that can be used to make 
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predictions, and to communicate ideas to others. Students are expected to evaluate and refine 

models through an iterative process of comparing their predictions with the real world and 

adjusting them based on evidence. 

Modeling in grades 3-5 builds on K-2 experiences and progresses to building and revising 

simple models and using models to represent events and design solutions. 

Dimensions of 

Practice 
Teacher/Curriculum Centered < ----------------- >Student Centered 

Develop and/or use 

models to describe 

and/or predict 

phenomena. 

Teacher presents 

students with model 

or instructs learners 

in the development 

and/or use of the 

model. 

 

Teacher and learners 

collaboratively 

develop model, but 

teacher informs 

learners how to use 

the model to describe 

and/or predict 

phenomena. 

Learners develop 

and/or use models to 

explain phenomena. 

EVIDENCE: 

“Teacher guide 

students into 

obtaining materials of 

equal amounts to 

create their model of 

a boat that is floating 

on water with sand 

and pebbles” 

(Teacher 313) 

EVIDENCE: “How 

does our model help 

explain mass and 

volume?-->if each 

sphere/rod was 

broken in half, would 

you get the same 

results?” (Teacher 

322) 

EVIDENCE: 

“Illustrate how you 

think this happened. 

Then test your ideas” 

(Teacher 325); 

 

Students “need a 

chance to think in 

generative ways 

about what the model 

is meant to do and 

how it might be 

constructed to do 

those things” 

(Schwarz et al., 2017, 

p. 118) 

Figure 6. Example of Dimensions of NGSS Practices and their Variations 

The practice, Developing and Using Models, requires students to “develop and/or use 

models to describe and/or predict phenomena” (NGSS Appendix F, p. 6). However, 

evidence in teachers’ Lesson Plan Tasks indicates a range of engagement in this practice 

from more teacher directed to more student centered. On one end of the spectrum, the 

teacher presents students with a model or instructs students in the development and/or use 

of a model. On the other end of the spectrum, the learner, with possible guidance from the 

teacher, decides how to develop and/or use a model to describe phenomena. 
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These descriptions serve as a way for teachers to identify where their instruction 

falls on the spectrum – Do they dictate how students engage in these practices or do their 

students have some ownership?; Does the curriculum instruct students in how to engage 

in these practices?; Do their students have ownership over the ways in which they engage 

in these practices? The Dimensions of the NGSS Practices and their Variations table 

(found in full in Appendix K) can also be used as a tool to help teachers shift their 

instruction from one that is more teacher and/or curriculum directed to one that gives the 

learner more agency. This should not be taken to mean that teachers need to employ a 

‘hands-off’ approach to engaging students in the practices, but rather that teachers should 

find ways to help students understand their role as epistemic agents in the classroom. 

This might involve explicitly teaching the practices and engaging students in reflecting 

on how what they are doing is like the practices of scientists. 

Implicit instruction of the practices. Reform documents emphasize the 

importance of understanding science as an enterprise that enables us to critically evaluate 

scientific information as we encounter it in our everyday lives (NRC, 2012). As such, it is 

important for teachers and students to understand how and why they should be engaging 

in the SEPs. Evidence presented in teachers’ Lesson Plan Tasks indicate that while 

teachers are including opportunities for students to engage in science practices, they do 

not explicitly instruct students on how to engage in these practices and for what purpose. 

For example, while most teachers understand that an explanation needs to include 

evidence, how students construct these explanations using evidence remains unclear. The 

NGSS states that “an explanation includes a claim that relates how a variable or variables 

relate to another variable or set of variables” (NGSS Appendix F, p. 11). There were only 
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a few instances in which it was clear teachers were placing an emphasis on claims that 

relate how variables relate to other variables (e.g. explain the relationship between 

temperature and volume, Teacher 330). However, even in these cases, it was unclear how 

teachers were supporting students in constructing these explanations and whether or not 

students understood how to construct an explanation that included all aspects of a 

scientific explanation.  

This assertion was further supported following analysis of other practices. For 

example, as it relates to the practice, Obtaining, Evaluating, and Communicating 

Information, being able to read, interpret, and produce scientific texts are described as 

fundamental practices of science (NGSS Appendix F). More specifically, students in 

grades 3-5 are now expected not only to read and comprehend materials to communicate 

new ideas, but to employ multiple sources to evaluate the accuracy of ideas and methods 

in order to be critical consumers of information. Although there were several instances of 

students using various forms of media, such as Google Slides, PowerPoint, Prezi, and 

iMovie to present scientific information, evidence of obtaining scientific information and 

evaluating this information was not as evident. Furthermore, teachers’ Lesson Plan Tasks 

did not explicitly emphasize this as a practice in which scientists engage, rather 

communicating information was used in a general sense as it would be in any discipline 

and for any purpose. That is, while students may have been implicitly engaged in the 

practice, explicit attention to how student activity paralleled the work of scientists was 

not included in teachers’ Lesson Plan Tasks. 
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Summary  

Analysis of teachers’ Lesson Plan Tasks revealed that while all eight SEPs were 

included in teachers’ plans for instruction, certain practices were better represented than 

others. In particular, the practices Developing and Using Models and Planning and 

Carrying Out Investigations were identified in the majority of teachers’ Lesson Plan 

Tasks, while the practices, Analyzing and Interpreting Data and Engaging in Argument 

from Evidence were only found in 3-4 teachers’ Lesson Plan Tasks. However, as 

previously stated, teachers were encouraged to submit lesson plans that typified their 

science instruction, but that also addressed the small particle model. Thus, certain 

practices such as Developing and Using Models may have been deemed most appropriate 

for this particular topic. In addition, certain descriptors of the dimensions of each practice 

were better represented than others. That is, teachers appeared to attend to particular 

aspects of the practices.  

Furthermore, evidence from teachers’ Lesson Plan Tasks indicated a more teacher 

and/or curriculum directed approach to engaging students in the practices. The NGSS 

articulates capabilities students are to achieve and master by the end of each grade band 

related to each of the SEPs. These capabilities, or descriptors of the practices, suggest a 

more student-centered approach to an engagement in the practices. Thus, while teachers 

were planning for the inclusion of the SEPs, it was not always in ways that matched the 

intent of the NGSS. Moreover, teachers’ Lesson Plan Tasks implied a more implicit 

approach to student engagement in the practices, as opposed to including ways to 

explicitly teach students about the practices.  
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Discussion 

Teachers’ Lesson Plan Tasks were analyzed to answer the questions, what science 

practices are included in teachers’ plans for science instruction, and to what extent are 

those reflective of authentic science? Findings from this study suggests that while there is 

representation of all eight practices across teachers’ lesson plans; several practices are 

more prevalent than others. Similarly, teachers appear to attend to certain NGSS 

descriptors within each practice. As a result, students appear to have opportunities to 

engage in particular aspects of the SEPs, but do not have the opportunity to explore all 

facets of the practices. It is, however, important to note that only one lesson plan 

submission was required for completion of the professional development in which 

teachers participated in and thus, only one lesson plan per teacher was available for 

analysis in this study. Furthermore, the lesson plan submission requested teachers upload 

a lesson plan that focused on the small particle model. As a result of completing a model-

based lesson, teachers frequently included the practice, Developing and Using Models, in 

their lesson plans. While the inclusion of this practice may not be typical of all teachers’ 

lesson plans, it provided a unique opportunity to understand teachers’ ideas about this 

practice. This is especially important given the difficulties teachers have planning for 

enactment of this practice in the classroom (Kang et al., 2018).  

Due to the nature of the lesson submission task, analysis of data focused on how 

teachers were planning on engaging their students in the practices, and the extent to 

which those plans were reflective of science as it is practiced in the field. The assertions 

derived from analysis of teachers’ Lesson Plan Tasks suggest that there is a difference 

between the ways teachers are planning for student engagement in the SEPs and the 
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intent of the NGSS. This is evident by teachers’ attention to certain descriptors of the 

dimensions of the practices, and the teacher and/or curriculum directed ways in which 

students engage in these descriptors. This is problematic given that the NGSS SEPs were 

designed to engage students in science in ways that more closely resembled the work of 

scientists – a key difference from its predecessors ‘inquiry’ and the ‘scientific method’ 

being that “scientific practice is not based on rules, but on processes or perpetual 

evaluation and critique that support progress in explaining nature” (Ford, 2015, p. 1043). 

Thus, students are expected to act as epistemic agents in the classroom and require 

opportunities to work on constructing explanations of puzzling phenomena in the context 

of their classroom, rather than act as receivers of factual knowledge. Once they do, 

students will have a more accurate view of how scientific knowledge is constructed and 

thus, a more accurate view of the scientific enterprise, closing the practice and 

epistemological gap present between school science and science as it is practiced in the 

field.  

Using the lens of practical and formal epistemologies to think about the 

differences in teachers’ understanding of the knowledge construction in school and in 

professional science, provided an opportunity to distinguish between teachers’ ideas 

about science in the classroom and science as it is practiced in the field. Evidence from 

teachers’ Lesson Plan Tasks indicates that while students may not be receivers of factual 

knowledge, they are still receivers of “rules” for engagement in the practices. For 

example, students are given questions and instructions for answering those questions, and 

they do not decide how to analyze data, but instead follow directions about how to find 

patterns in their data. That is, teachers’ practical epistemologies reflect a view of students 



 

86 

 

“doing the lesson”, as opposed to “doing science” (Jimenez-Aleixandre et al., 2000). 

Furthermore, teachers’ focus on particular aspects of the NGSS descriptors suggest that 

teachers’ formal epistemologies are underdeveloped.  

Conclusion/Implications 

 These results indicate a need for continued support for teachers planning for 

implementation of these practices. Although these teachers had experienced a curriculum 

designed around the NGSS, they still included practices in ways that were more teacher 

directed than student centered, and did not include evidence of explicitly teaching students 

how to engage in these practices. Additionally, attention was reserved for specific 

descriptors in the NGSS and often only partial aspects of those descriptors. Many of the 

descriptors were absent from teachers’ Lesson Plan Tasks all together; descriptors that were 

important for student agency in the classroom. Thus, continued research is necessary to 

ensure that teachers understand the importance of the practices for student agency in the 

classroom. Teacher educators will also need to find means of supporting teachers in 

implementing more student-driven approaches to the inclusion of the practices in the 

classroom. Ones in which teachers and students share the role of epistemic agent in the 

classroom, and students are able to participate in science in ways that are reflective of the 

work of professional scientists.  
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Chapter 4: Elementary teachers’ conceptions of science: Developing and 

using models. 

Reform documents like the Framework (NRC, 2012) and the Next Generation 

Science Standards (NGSS; NGSS Lead States, 2013) call for students who are prepared 

to be critical consumers of scientific information as they encounter it in their everyday 

lives. Preparing students for informed citizenry involves engaging students in Science 

and Engineering Practices (SEPs) in ways that will help them understand how scientific 

knowledge develops. However, research indicates that much of what goes on in 

classrooms differs from what scientists do and how scientific knowledge is developed 

(Chinn & Malhotra, 2002; NRC, 2012; Windschitl et al., 2008). Additionally, teachers 

face a number of barriers in incorporating these experiences such as limited 

understanding of science and science concepts (Bencze & Hodson, 1999; Davis et al., 

2011; Gilbert, 2004), logistical constraints like time and resources, lack of support from 

the professional community (Bencze & Hodson, 1999; Chinn & Malhotra, 2002; Stuckey, 

Hofstein, Mamlok-Naaman & Eilks, 2013), as well as the pressures of high-stakes 

accountability (Buxton, 2006; Gilbert, 2004). Elementary teachers, in particular, may feel 

underprepared to teach science and as a result, employ coping strategies for dealing with 

these challenges that can present students with an inauthentic view of science (Bencze & 

Hodson, 1999; Davis et al., 2011). For example, many teachers at all levels present ‘the 

scientific method’ as a rigid and universal set of steps to follow as opposed to helping 

students think scientifically (Windschitl et al., 2008).  

While NGSS-aligned curriculum materials offer one route to support 

implementation of more authentic science practices, teachers’ beliefs about science 
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influence their planning process and how those plans are enacted in their classrooms 

(Bismack et al., 2014). If teachers hold inaccurate views of science and do not understand 

the pedagogical rationale for inclusion of the NGSS SEPs, they may still implement 

curricula that emphasize scientific practices in ways that are inauthentic to how science is 

practiced. For example, research shows that teachers struggle to engage students in 

scientific modeling, and instead utilize models as teaching tools (Justi & Gilbert, 2002). 

This is especially problematic given the inseparability of modeling and authentic science 

(Coll et al., 2005; Justi & Gilbert, 2002; Windschitl et al., 2008). As such, it is important 

to examine how teachers understand the NGSS SEPs, and how they conceptualize 

instruction that incorporates these practices. Accordingly, this research paper examines 

how elementary teachers conceptualize NGSS scientific practices, and in doing so will 

answer the questions: 

1. How do teachers’ conceptualize scientific practice, specifically Developing and 

Using Models, in their classroom in terms of the nature of student activity and 

underlying epistemology? 

Theoretical/Conceptual Framework and Background Literature 

Modeling is embedded in scientific practice, and as such, is a vital part of 

engaging in authentic science. Models are described in the science education literature as 

working representations of complex ideas, objects, events, processes, or systems (Coll et 

al., 2005; Fretz, Wu, Zhang, Davis & Krajcik, 2002), which are used within communities 

to illustrate, predict, and explain phenomena (Forbes et al., 2015; Kenyon, Davis, & Hug, 

2011). Using this definition, models are not exact replicas or recreations, but designed to 

highlight the central features of the idea, object, event, process, or system (Forbes et al., 
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2015; Fretz et al., 2002; Gobert & Buckley, 2000), making these central features explicit 

and more readily visible (Gobert & Buckley, 2000; Kenyon et al., 2011). Modeling, then, 

is the practice of using these models to reason scientifically about phenomena (Forbes et 

al., 2015). While there are slight variations in the literature related to the practice of 

modeling, construction, use, evaluation, and revision (or some variation and/or 

combination of these terms) frequently appear in the literature as the fundamental 

elements of modeling practice (Forbes et al., 2015; Justi & Gilbert, 2002; Nelson & 

Davis, 2012). Moreover, metamodeling knowledge is described in the literature as an 

understanding of the nature and purpose of modeling (Schwarz & White, 2005). Although 

modeling is frequently described as a key epistemic and representational practice of the 

sciences, this scientific practice rarely appears in school science (Dickes et al., 2016; 

Lehrer & Schauble, 2012), and in particular, elementary classrooms (Forbes et al., 2015; 

Schwarz et al., 2009; Zangori & Forbes, 2016).  

When modeling is present in the classroom, it is rarely incorporated other than for 

illustrative or communicative purposes (Kenyon et al., 2011). That is, students experience 

models purely as a means of communicating, whereby learners share their ideas to 

persuade or aid others in understanding, rather than for sense-making, wherein 

individuals or groups make a model for themselves in order to understand a phenomena 

(Schwarz et al., 2009). This limited application of models could be a result of teacher 

inexperience or unfamiliarity regarding the proper use of models and their purpose in the 

teaching of science. For example, Justi and Gilbert (2002) interviewed 39 in-service 

teachers to determine what knowledge and skills they thought were necessary to produce 

a model successfully, and found that while teachers valued modeling as a scientific 
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practice, they still had a less than satisfactory understanding of models. Additionally, 

teachers experience with and thus reliance on ‘the scientific method’ can inhibit the 

appropriate use of models and modeling in the classroom because of its 

oversimplification of scientific activity (Windschitl et al., 2008).  

We know from the literature that models and modeling are often absent from 

classrooms, and that teachers have a limited understanding of this scientific practice. 

However, the inclusion of, Developing and Using Models, as a NGSS SEP brings the 

practice to the forefront, placing an emphasis on this practice as an integral part of 

science. With a focus on models in reform-based documents, teachers and students will 

likely encounter modeling practices in the classroom, an effective implementation of 

which has the potential to provide students with a more authentic reflection of scientific 

practices. Additionally, modeling has the potential to enhance students’ understanding of 

the nature of science and the scientific enterprise (Coll et al., 2005). Krist (2016) 

examined epistemic understandings of a classroom community engaged in scientific 

practices, and more specifically engaged in modeling, and observed that modeling was 

key for students’ understanding of what scientific knowledge is, what it can do, and how 

it came to be. However, what teachers find relevant greatly influences how modeling 

practices are implemented in the classroom (Dickes et al., 2016), and thus, whether or not 

it resembles authentic modeling practices. Van Driel and Verloop (2002) also discussed 

the necessity of taking teachers’ knowledge and beliefs into account when implementing 

instructional changes and in turn, sought to understand experienced, secondary teachers’ 

views about models and modeling. They found that teachers typically fell into one of two 

groups - one that focused on the content of the model and the other that focused more on 
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the nature of modeling. Regardless of the group, teachers’ knowledge of student 

conceptions of modeling was limited and/or inadequately integrated with their knowledge 

of teaching strategies related to modeling.  

A keen understanding of teachers’ knowledge related to models and modeling 

becomes increasingly important in light of current reform documents’ focus on scientific 

practices; especially when teachers’ personal knowledge has a considerable impact on 

how they teach and respond to educational reform (Henze, van Driel, & Verloop, 2007). 

In their examination of teachers’ knowledge and beliefs related to models and modeling 

in the classroom, Henze and colleagues (2007) found that teachers needed support in 

extending their knowledge, as they had limited skills in producing and revising models. 

Additionally, Windschitl and Thompson (2006) found that preservice teachers had trouble 

generating theoretical models to ground empirical investigations, often due to their 

experiences with ‘the scientific method’ as students.  

While teachers’ limited understanding of models and modeling is well 

documented, research rarely focuses on understanding how teachers’ ideas align with the 

goals of reform-documents. Moreover, even when the data collected suggests an 

engagement in authentic practice as a result of modeling practices, teachers’ and students’ 

conceptions of authenticity, as a result of their engagement in modeling, are rarely 

addressed. In fact, Harrison and Treagust (2000) recognized the need for further research 

related to teacher and student conceptions regarding models, posing questions such as: 

“What are teachers’ and students’ perceptions of the scope and limitations of models,” 

and “how do students interpret and visualize their teachers’ and textbooks’ models” (p. 

1023). Although Harrison and Treagust (2000) posited these questions over a decade ago, 
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the field has yet to determine answers that support teachers and students in model-based 

teaching and learning. Further research into the field of teacher and/or student 

conceptions of modeling, as well as the relationship of modeling to authentic science, is 

still needed today, especially with the inclusion of scientific practices in the Framework 

and the NGSS. 

Epistemologies of science. Teachers’ epistemic understandings of science 

practices, or how they conceptualize science practices, are important in helping teachers 

implement more authentic science practices in the classroom, and in allowing them to 

participate effectively as critical consumers of scientific knowledge. Scientific 

epistemologies are described as “descriptions of the nature of scientific knowledge, 

including the sources of such knowledge, its truth value, scientifically appropriate 

warrants, and so forth” (Sandoval, 2005, p. 635). While students’ practices of inquiry 

appear to share much with scientific practices, Sandoval (2005) asserts that students’ 

expressed epistemological beliefs seem “hopelessly naïve” (p. 635). He proposes the 

difference between two epistemologies, practical epistemologies and formal 

epistemologies, as an explanation for why simply engaging in scientific practices is not 

enough to change students’ ideas about professional science.  

Practical and formal epistemologies. Practical epistemologies are described as 

the set of ideas that students have about their knowledge production in school science, 

and the epistemological ideas that students apply to their own scientific knowledge 

building through inquiry. Formal epistemologies are defined as the set of ideas about 

scientific knowledge and its production that students have about professional, or formal 

science (Sandoval, 2005). Applying this to teachers, making the distinction between the 
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two can provide insight into how to support teachers in transforming their classroom 

practices in a way that helps students understand their actions as reflective of authentic 

science practices.  

Exploring teachers’ ideas about authentic science practices through an analysis of 

their practical and formal epistemologies allows for an analysis of each teacher’s unique 

ideas, while also providing the opportunity to characterize elementary teachers’ 

conceptions of authentic science. Sandoval (2005) recommended researching students’ 

own perspectives on science practices by examining artifacts and the discourse students 

have as they construct these artifacts, but also through interviews designed to elicit 

students’ articulation of their reasoning behind certain decisions. To analyze teachers’ 

practical and formal epistemologies, artifacts of teachers’ practice (Lesson Plan Task) and 

their discourse surrounding their planning of lessons (pre-interview task and semi-

structured, follow-up interview) were examined. 

Additionally, Sandoval (2005) suggested comparing practical and formal 

epistemologies by asking students to explicitly compare their work to the work of 

scientists – the same idea was applied to teachers in this study. For example, interview 

questions such as, “how is what students are doing to [insert practice] like what scientists 

do and how is it different” were generated to explicitly compare the activity of students to 

teachers’ ideas about the activity of scientists. Comparing teachers’ notions of classroom-

based science and authentic science practices were intended to reveal any discrepancies 

between the two epistemologies, and ultimately develop bridges between the two for the 

inclusion of more authentic science practices in the classroom. 
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Methodology 

Participants and context. Participants in this study are drawn from a cohort of 

fifth grade teachers who participated in the NSF-funded Quality Elementary Science 

Teaching (QuEST) program, which investigates the impacts of a practicum-based 

professional development model on teacher and student learning. These teachers come 

from a cross-section of urban, suburban, and rural areas of a Midwestern state. During the 

professional development program, all teachers engaged in curriculum designed around 

the NGSS as learners before modifying the curriculum for their group of students during 

a two-week summer institute. More specifically, while the PD program did not have 

modeling pedagogy as a primary focus, the content instruction teachers experienced 

engaged them in developing and using models to explain the structure and properties of 

matter. Teachers also participated in four follow-up, Saturday sessions throughout the 

school year. Prior to, and at the end of the academic year following the summer institute, 

participants in the professional development program were asked to complete a Lesson 

Plan Task. This Lesson Plan Task was a three-part task that asked teachers to submit a 

lesson plan that typified their science instruction, complete a questionnaire, and 

participate in an interview to follow-up on the lesson plan and questionnaire.  

Participant information. A total of 19 teachers participated in the final data 

collection and included science practices in their lesson plan; however, six were chosen 

to represent the larger group and complete a pre-interview task and semi-structured, 

follow-up interview and thus, serve as the participants for this research paper. Purposeful 

sampling, or the intentional selection of participants, was used to select the smaller group 

of teachers. (Table 15).    
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Table 15. Teacher profiles (before the start of the QuEST program) 

Teacher 

Identifier 

School Teaching experience 

(total/at fifth-grade) 

Preparedness to teach 

science (self-reported) 

322  Suburban 6 0 Adequately qualified 

310 Rural 16 5 Adequately qualified 

330  Suburban 25 21 Well-qualified 

315  Rural 4 4 Well-qualified 

335  Suburban 13 1 Adequately qualified 

316  Rural 1 0 Adequately qualified 

 

While four of the six teachers had more than five years’ experience teaching, only one 

had more than five years’ experience teaching fifth grade. That is, the majority had been 

newly assigned to teach this grade level and the accompanying science subject matter. 

Moreover, only two teachers reported feeling ‘well-qualified’ to teach science – one with 

four years’ experience (all at fifth grade) and one with 21 years’ experience at fifth grade 

(25 years overall). 

Data collection. This study relied on existing data collected as part of the PD 

program in which teachers participated and also utilized two additional data collection 

methods to elicit teachers’ conceptions of the SEPs. A Lesson Plan Task comprised of a 

lesson plan, questionnaire, and follow-up interview served as existing data from teachers’ 

participation in a large, NSF-funded professional development program, while a pre-

interview task and semi-structured, follow-up interview generated new data.  

Existing data. The Lesson Plan Task is a combination of the Lesson Preparation 

Method, adapted from Valk and Broekman (1999) which was designed to probe 

preservice teachers’ ideas about their teaching practices, and the Content Representation 

tool (CoRe; Loughran et al., 2004) also designed to uncover teacher ideas about teaching 

and learning. Prior to and following the professional development program, teachers were 
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asked to submit a lesson plan that typified their science instruction and complete the 

CoRe questionnaire, a matrix that outlines important aspects of teacher and learning of 

specific science content (e.g. what teachers intend students to learn, 

difficulties/limitations connected with the content, specific strategies they plan to use and 

why). Following submission of their lesson plan and CoRe, teachers were interviewed to 

further probe specific ideas related to teaching and learning.  

New data. Two new sources of data were developed to elicit teachers’ ideas about 

the NGSS SEPs, both in terms of the nature of student activity and the underlying 

epistemology: (1) a pre-interview task in which teachers selected an instructional priority 

from a set of statements related to scientific practices and elaborated on their choice, and 

(2) a semi-structured, follow-up interview developed to probe teachers’ conceptions of 

the science practice evident in their Lesson Plan Tasks.  

Pre-interview task. The pre-interview task was designed as a means of eliciting 

teachers’ ideas about the NGSS SEPs, and more specifically, what they prioritized as they 

enacted a particular practice in the classroom. Teachers were given a short list of 

statements, and asked to choose which one they found most important in the classroom 

(Figure 7). The set of statements was designed to elicit dimensions of teachers’ priorities 

when enacting a particular practice in terms of whether they align more with authentic 

science practices or school science as described by the literature (e.g. modeling is 

typically incorporated in the classroom purely as a means of communicating 

understanding of a science concept, as opposed to a tool for sense-making). In the case of 

the statements listed in Figure 7, an agreement with the first statement would suggest a 

priority placed on models that are scientifically correct, as opposed to ones that represents 
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the evidence regardless of whether they are correct or incorrect. Furthermore, selection of 

the third statement would imply teachers’ preference for a model that is meaningful to the 

student over one that is scientifically accurate or congruent with the evidence. 

Which instructional priority is most important related to DEVELOPING AND USING 

MODELS? 

Students developing a scientifically accurate understanding/model 

Students developing a model that is congruent with the evidence 

Students developing a personally meaningful model 

Figure 7. List of statements related to Developing and Using Models 

In addition to choosing one statement they felt to be most important, they were 

asked to elaborate on their choice. Teachers’ choices and justifications were used to 

further probe their ideas about authentic science and science in the classroom during the 

follow-up interview.  

Semi-structured, follow-up interview. The semi-structured interview was 

developed as a follow-up to the Lesson Plan Task that teachers completed as part of their 

participation in the professional development program, as well as the pre-interview task. 

Interview questions were designed around the cognitive processes and epistemologies 

inherent in science tasks as described in the literature and developed for the practices 

most prevalent in teachers’ lesson plans. Teachers’ Lesson Plan Task submissions were 

reviewed to determine which practices were included in teachers’ lesson plans and should 

be probed during the interview. Although a comparison of teachers’ lesson plans with the 

description in the NGSS revealed some similarities between the student activity and the 

intent of the NGSS practice, questions about the cognitive processes related to these 

practices (Chinn & Malhotra, 2002) were used to further probe how the activity teachers 

included in their lesson was similar and/or different from authentic science practices 

(Table 16).   
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Table 16. Questions generated related to cognitive processes for Developing and Using 

Models 

Practice Cognitive 

Process 

Authentic Inquiry Simple Inquiry  Probing 

Questions 

Developing 

and Using 

Models 

Developing 

Theories 

Scientists 

construct theories 

postulating 

mechanism with 

unobservable 

entities 

Students uncover 

empirical 

regularities, they 

do not develop 

theories 

Tell me how 

your students 

developed their 

models. 

Scientists 

coordinate results 

from multiple 

studies and 

resolve 

inconsistencies 

Students do a 

single 

experiment, a 

certain range of 

observations, or a 

single 

demonstration 

How do other 

activities in this 

unit contribute 

to this model? 

 

This process of question development was continued with epistemological 

features as described by Chinn and Malhotra (2002) and Windschitl and colleagues 

(2008). In the example of Developing and Using Models, applicable epistemic features 

were chosen to further probe teachers’ ideas about these science practices and their 

underlying epistemology (Table 17). 

Table 17. Questions generated related to epistemic features for Developing and Using 

Models 

Practice Epistemic 

Feature 

Authentic 

Inquiry 

Simply Inquiry Probing 

Questions 

Developing 

and Using 

Models 

Theory-data 

coordination 

Scientists 

coordinate 

theoretical 

models with 

multiple sets of 

complex 

conflicting data; 

science seeks 

global 

consistency 

Students 

coordinate one 

set of observable 

results with 

conclusions 

about those 

observable 

results; students 

seek local 

consistency 

I noticed you 

focus on 

[concepts and 

representations]. 

How do students 

make connections 

between these? 

What if you were 

to use only one?  
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Practice Epistemic 

Feature 

Authentic 

Inquiry 

Simply Inquiry Probing 

Questions 

Explanatory  Uses patterns in 

data and other 

sources of 

evidence to 

explain why 

focal 

phenomenon 

happens; models 

talked about as 

tools for 

explanation 

Testing 

curriculum in 

“conclusions” 

which 

summarize 

trends and 

patterns in the 

data, but do not 

include 

explanations 

How does their 

model help 

students make 

connections 

across 

phenomena? 

 

To probe dimensions of cognitive processes and epistemic features not present in 

teachers’ Lesson Plan Tasks, scenarios were constructed to elicit teachers’ ideas about 

these areas (Table 18).  

Table 18. Scenarios generated for cognitive processes and/or epistemic features NOT 

present 

Practice Epistemic 

Feature 

Authentic Inquiry Simply Inquiry Scenarios 

Developing 

and Using 

Models 

Generative Models/theories 

used to generate 

plausible 

hypotheses, new 

conceptions, new 

predictions at any 

point in the 

inquiry 

Models/theories 

considered to be 

only an end-

product of 

inquiry, but more 

often, are not 

talked about at all 

Suppose 

students 

developed a 

model that was 

incorrect. How 

would you 

handle that? 

 

What if a 

student said 

their model was 

“finished?” 

How would you 

respond to that? 

 

The interview also included questions to explicitly target teachers’ practical and 

formal epistemologies. For example, while discussing each practice included in teachers’ 
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lesson plans, teachers were asked “how are what students are doing [insert practice here] 

like what scientists do and how is it different?” Additionally, two questions aimed at the 

lesson plan in general were also included: (1) how is this activity reflective of how 

scientists go about their work? How is it different; and (2) could you make this more like 

what scientists do? Why or why not? How?  

Data analysis. Both existing and new data were analyzed to answer the question, 

how do teachers conceptualize scientific practice, specifically Developing and Using 

Models, in their classroom in terms of activity and underlying epistemology? Analysis 

began with a close reading of all artifacts and interview transcripts. Following this close 

reading, evidence of the practices were coded by practice using the qualitative analysis 

software program QSR NVivo10. Within each practice, ‘meaning units,’ or segments of 

the data that were relevant to both the activity and underlying epistemology of the 

practice were identified. Throughout the analysis, these meaning units were further 

differentiated in order to facilitate analysis and generate themes. Upon reflection of these 

themes, several assertions were made about teachers’ conceptions of practices, and 

specifically Developing and Using Models, in terms of activity and underlying 

epistemology. Existing data – teachers’ lesson plans, questionnaires, and interviews – 

were used to triangulate the results and a peer debriefer reviewed the analysis and 

assertions.   

Results 

Several themes emerged following analysis of teachers’ pre-interview tasks and 

follow-up interviews related to the nature of student activity, or how students were 

engaging in scientific practices, and the underlying epistemology, or why students were 
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engaging in the practices. These themes were used to make assertions about teachers’ 

conceptions of the scientific practice, Developing and Using Models.  

Activity of students. Excerpts from teachers’ interviews are used to illustrate the 

commonalities across teachers’ responses related to students’ engagement in the practice, 

Developing and Using Models. More specifically, these excerpts will support the 

following assertions related to the activity students are engaging in: (a) teachers are 

engaging their students in explicit instruction of the noun, ‘model’ and not the verb, 

‘modeling’; and (b) teachers are engaging their students in implicit instruction of 

modeling processes, such as revising and evaluating their models. Thus, while teachers 

are using both explicit and implicit instruction of the practice, explicit instruction was 

primarily reserved for instruction on what a model is, as opposed to the action of 

modeling. 

Explicit instruction of the noun, model. The following excerpts highlight the 

emphasis teachers place on teaching students about the various types of models, as 

opposed to the practices of modeling. This is not meant to suggest that teaching students 

about what constitutes a model is not important. On the contrary, it is meant to both 

applaud teachers for explicitly teaching students about the various types of models, but 

also to point out that students need instruction on how to engage in the processes of 

modeling, as well as opportunities to develop their metamodeling knowledge in order to 

authentically engage students in this scientific practice and develop productive epistemic 

understandings of science (Schwarz & White, 2005). The following excerpt is an 

example of teachers’ emphasis on the model itself, rather than on the practices involved 

in modeling:  
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 Interviewer: So tell me how students develop their models in this particular 

lesson or just in your classroom in general. 

 Teacher 310: It depends, I think that a lot of times developing models has been an 

unfamiliar practice for them so it’s teaching them that it’s more than just building 

something. So often they kept thinking well I have to build something like a model 

airplane and so that was a challenge and then teaching them it can be a drawing 

and it can be represented in two dimensions it doesn’t have to be 3D was the first 

process in all of that. That’s been a learning experience for them, that’s been a 

challenge and just teaching them it can even become a movie and a video. 

In this excerpt, Teacher 310 focuses on the idea that developing a model is more than just 

building something – that a model can be a drawing or even a movie. Further along in the 

interview, she described how she explained to her students that developing models is 

about “more than just building something” (Teacher 310). She stated:  

 Teacher 310: Well we talked about what different models look like, we’ve gone 

through the process of showing what different ones look like. We’ll do models, 

representing in their journals and I have some that will just do that and then I 

have some who just don’t want to do a lot of writing and they’re more creative 

and it’s like okay that’s fine you can do it another way. 

 

This teacher emphasized the model(s) her students are creating, as opposed to the process 

through which students are developing and/or using these models. More specifically, she 

describes a scenario in which students choose how they want to represent what they are 

learning as a result of conversations her class has had about what different models look 

like. This was common across all teachers – teachers’ continually emphasized instruction 

around the model itself, as opposed to the action. Another teacher, for example, stated 

that: 

Teacher 322: As far as models go it’s not like we just say make a model so there is 

a lot of prior discussion, observation, just taking simple moments to say oh well 

this is a model so using that language and things that we’re seeing all of the time 

just making sure that you are truly explaining what models can be for students. 

 

Although this teacher states that there is “a lot of prior discussion, observation, just taking 

simple moments” she continues to explain how these strategies are used to show students 
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what constitutes a model, and not how those models are developed. Additionally, 

although teachers engaged in explicit instruction on what constitutes a model, inclusion 

of models was often in the form of drawings, sketches, or diagrams. That is, while they 

acknowledge that models could be drawn, written, or even presented as videos, the 

majority of lesson plans called for drawings, sketches, and/or diagrams.  

Implicit instruction of the verb, modeling. The focus on explicit instruction 

around what constitutes a model was common across all teachers; however, it was not 

clear whether teachers were engaging their students in explicit instruction about the verb, 

modeling. In cases where teachers appeared to engage their students in the practice of 

modeling, they described a scenario in which students developed a model, explained how 

it works, and tested it. For instance, although Teacher 310 thoroughly described how she 

would teach students about what constitutes a model, her description of modeling 

practices were less clear: 

Teacher 310: When they’ve drawn something and they’re representing something, 

then they have to explain how it worked…cause sometimes if they’ve done 

something then they have to test it and then it’s more than just something on the 

picture. 

In this description, the students are constructing a model and using it to explain the 

concept. She also mentions testing the model, though it is unclear how students engage in 

this particular modeling process. Furthermore, although students are engaging in 

modeling processes, such as constructing and using models, teachers continually 

emphasized engaging in these processes for the purpose of communicating student 

thinking, as opposed to engaging in these processes as a means to understand modeling as 

a practice. For example, one teacher stated: 

Teacher 335: Sometimes kids will try to make a model and it’s just not really 

showing what you’re trying to communicate and it could be a variety of things, it 
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could be a lack of resources but usually it’s a lack of understanding right. So how 

are we allowing them to try to build that and have some choice, but then at some 

point you might have to intervene and through being questioned they’re going to 

understand that well maybe this is not really communicating what I wanted it to 

do and so how can you go back and revise that. 

  

In this example, students are constructing and using models to communicate an idea; 

however the teacher focuses on what is being communicated rather than on the utility of 

modeling in communicating an idea. That is, teachers did not use these opportunities to 

discuss how the processes they were engaged in had parallels to how scientists engaged 

in modeling. For example, in the above scenario, this teacher might explain to her 

students that what they are doing is similar to what scientists do in that they are 

constructing and using their models to explain phenomenon or describe a scientific 

principle. Thus, while students appear to be constructing and using their models, there is 

little evidence to suggest that teachers are engaging students in conversations about these 

modeling processes. Rather, students are implicitly engaged in these practices. 

Teachers also described instances of students revising their models; however, 

those revisions were conducted as a means to correct their “finished” or incorrect models 

and not for the purpose of critiquing models as a community of scientists. For example, 

when asked how teachers might respond to a students’ “finished” or scientifically 

incorrect model, many explained situations in which teachers questioned students or 

asked them to compare to other group members in order to “fix” their models. One 

teacher explained how she would respond should students develop an incorrect model: 

Teacher 330: Let’s take a look at the person next to you’s [sic] model and see if 

maybe you can make some comparisons to your model and figure it out…we need 

to fix this because I can’t let you have the wrong ideas but I don’t want to just tell 

you you’re wrong, let me help you figure out how you’re wrong and go from there. 
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Teachers engaged students in the processes of evaluating and revising these models; 

however, rather than have conversations about how scientists go about evaluating and 

revising their models, they focused on engaging in these processes to fix incorrect ideas 

about the content students were learning.  

Underlying epistemology. In addition to common themes around how students 

are engaging in the practice of developing and using models, commonalities also arose 

related to the underlying epistemology of the activities. The following excerpts highlight 

the similarities in the ways teachers’ describe (a) the purpose of models and the utility of 

models in making connections to the real world; and (b) modeling as a testable and 

revisable process.  

Purpose of models. While there were similarities across teachers’ ideas related to 

the purpose of models as evidenced by their follow-up interviews, teachers differed in 

what they believed to be most important for their students when developing and using 

models as indicated by the pre-interview task. Although teachers’ choices varied (3 

teachers prioritized a model that was congruent with evidence, 2 prioritized a model that 

was personally meaningful, and 1 prioritized a model that was scientifically accurate), all 

six teachers included the importance of models for understanding what students learned 

in their discussions of their choice (Table 19).  

Table 19. Pre-interview task choices and responses 

Teacher Students 

developing a 

model that is… 

Explanation of their choice 

322  congruent with 

the evidence 

A model should represent the student's knowledge in a 

way that makes sense to them.  

310  personally 

meaningful 

Students need to make their model in a way that 

represents their learning. 
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Teacher Students 

developing a 

model that is… 

Explanation of their choice 

330  scientifically 

accurate  

I do want students to develop models that are meaningful 

to them and that fit the evidence they are collecting during 

the lesson, but I want their final models to be accurate so 

that they represent what was learned. 

315  personally 

meaningful 

It allows me to see what that individual student learned 

and allows me to think about where I could go next. 

335  congruent with 

the evidence 

We don't have access to authentic materials or the time to 

always develop a scientifically sound model. However, 

students can use things that represent their 

understanding, and based on their model, should agree 

with their findings. We hope that students are able to 

develop a model that is meaningful by having choice in 

materials. But ultimately the model serves as a way to 

document student understanding at that point in time. 

316  congruent with 

the evidence 

I chose developing a model that is congruent with the 

evidence because it shows students thinking, working, 

and learning how real scientists do. This is the perfect 

starting point to then question students, IF there is an error 

in their understanding, to dig deeper to help them re-

evaluate their model and make adjustments as need to 

help them form and reform there thinking. This 

provides an authentic learning environment where 

students can be free to learn and experiment and grow 

instead of shooting for "perfection" the first time. 

  

As evidenced by Table 19, while some teachers acknowledged the importance of 

evidence and of developing models that are meaningful to students, ultimately, they 

described models as a means of understanding student knowledge of what they learned 

(see bold text). In this way, models serve as an assessment or pedagogical tool. 

Although there is evidence that some teachers understand the purpose of models 

and modeling to be more than a means of representing students’ thinking, teachers most 

often described this practice as a way for students to share their understanding of science 

concepts. For example, one teacher described the necessity of having students develop a 

model that made sense to them: 
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Interviewer: Tell me how students develop their models in this lesson or in 

general if you’d prefer to talk about it that way. 

 Teacher 322: …they did need to represent what they were learning or what they 

understood in a way that made sense to them. The model just had to represent the 

system that they were experiencing. 

 Interviewer: So how is what students are doing to develop and use their models 

like what scientists do and how is it different? 

 Teacher 322: It’s very similar to what scientists do because they have to represent 

their findings in their own way. I’m not giving them a model that they have to 

understand, they need to create their own. So again they are representing their 

knowledge. 

Although this teacher indicates the importance of students developing models that make 

sense to them, the emphasis is on developing models for the purpose of representing what 

they are learning (e.g. “represent what they are learning”, “represent the system they are 

experiencing”, “represent their findings”, “ representing their knowledge”) – a common 

thread throughout teachers’ pre-interview tasks and interviews. There were, however, 

instances in which teachers appeared to value models as a sense-making tool and not only 

as a means of understanding student learning. For example, one teacher stated that: 

Teacher 330: The whole idea behind models is helping me make sense of what it is 

that I’m doing and I assume that’s what real scientists do too, they want to be 

able to make sense of what it is they’re trying to figure out.  

Even though this particular teacher recognizes the value of developing and using models 

to makes sense of science concepts and/or phenomena, she also prioritized scientifically 

accurate models/understanding in her pre-interview task. Ultimately, teachers typically 

described models as a way to understanding student thinking or as assessment tools. 

Thus, models served a dual purpose – they were both scientific tools and pedagogical 

tools.  
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Utility of models for making connections to the real world. Teachers were 

prompted to think about the activities that allowed students to make connections between 

their models and science concepts, as well as how these models helped students make 

connections across scientific phenomena. Teachers’ responses often emphasized the use 

of students’ personal experiences to make connections across phenomena. That is, 

teachers also valued models as a means of making sense of everyday experiences 

students encountered outside of school. Described in this way, models are not only 

relevant for the purposes of science, but for personal encounters beyond the classroom. 

The following excerpt serves as an example of how teachers use previous experiences 

and examples to make connections between science content covered in the classroom, in 

this case that matter is made of particles too small to see, and phenomena outside of the 

classroom:  

 Teacher 330: Well I’m a big air quote person, it’s made up of “stuff.” Well what 

is that stuff? Sometimes that stuff is too small to see right and so if I’m talking 

about the stuff that makes up the air that I breathe well I can’t see the air that I 

breathe but it must be air because I’m still alive and all of you are too. So if you 

stop and think about taking it back to solid, liquid, gas and air that I breathe is 

one of those gases and it’s got to be made of something I just can’t see it…and we 

talk about this, do you ever have the sun shining in through your window and you 

can see all the dust that’s floating around on the air but normally you just can’t 

see that dust until the sun gives it light, it’s there you just can’t see it and so it’s 

kind of like that I guess where some things are too small that we can’t always see 

them and you know if you’re a scientist you get to use a special microscope that 

lets you see all that stuff that’s too small. 

The emphasis in the above example is on students’ experiences – their experiences with 

the air they breathe and seeing ‘dust’ shining through windows. This teacher offers 

several examples of ways she helps her students make connections between their 

experiences and the content they are learning. This was common across all teachers. 

Teachers’ responses indicated an investment in making models personally meaningful 



 

109 

 

and as a means of making sense of science in the real world. In other words, teachers 

prioritized engaging in the practice of modeling for scientific literacy and not just for the 

sake of engaging in a scientific practice.  

Models are testable and revisable. In addition to interview questions designed to 

follow-up on teachers’ Lesson Plan Tasks, teachers were given several scenarios and 

asked how they would respond. Questioning students, encouraging them to compare with 

other groups, informing students that we learn from mistakes, and instructing students to 

revise models were among the similarities across teachers’ responses to scenarios about 

incorrect models and “finished” models – all indicators of an understanding that 

modeling is a testable and revisable process. The following excerpt illustrates how one 

teacher responded to a scenario in which students developed a model that was 

scientifically incorrect:  

 Teacher 315: Guide them in questions. If it was conservation of mass, so you’re 

telling me that even though I had a whole cookie and you crumbled it up that 

they’re going to weigh the same? Or it’s not going to weigh the same? Okay well 

let’s try it out, so then they prove it. So by questioning and then going back and 

retesting, just like what any scientist would do. Sometimes I think that it’s 

important as a teacher to value that experience too because in science it’s not all 

butterflies and rainbows, they have those experiences where things don’t work.  

This particular teacher mentions testing student ideas, questioning those ideas, and going 

back and retesting, in addition to acknowledging that models do not always work the first 

time in science. Other teachers also acknowledged the testable nature of models. For 

example:  

 Teacher 315:…I’d make them retest or test in a different way…I’d do like a 

computer model so that they can kind of see a different way of doing it cause if 

they’re just left to their own devices, they’ll continue making and building on that 

same problematic thing. 
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As demonstrated in the excerpts above, teachers continually refer to testing and retesting 

models that might be incorrect. Furthermore, they recognize the value of helping students 

understand why their models are incorrect, as opposed to telling students that their 

models are incorrect. Teachers also referred to the revisable nature of models in their 

discussions about scenarios in which students presented them with “finished” models. For 

example, one teacher stated: 

 Teacher 330: …Let’s put that aside and put that in a compartment and let’s come 

back to that next week, next month, next quarter because remember first quarter 

when we were learning about this and let’s pull that out again and see if we want 

to make changes, I know we thought our models were done then or we thought 

our drawings were done, no we’re never done 

 

Yet another teacher spoke to the adaptability of models, stating:  

 Teacher 315: I would say as scientists we always are adapting and exploring 

more so you may be done with this one but you might be needing to go back and 

fix it later.  

Both teachers in the above examples acknowledge the likelihood of revisiting “finished” 

models (e.g. “let’s pull that out again and see if we want to make changes”; “you may be 

done with this one but you might be needing to go back and fix it later”). These teachers 

understand that models are not “finished”, that they can always be revised based on new 

evidence.  

Summary 

In summary, teacher data indicates that while teachers are engaging their students 

in various aspects of the practice, Developing and Using Models, explicit instruction of 

the practice is reserved for the noun, model, whereas, students engaged in implicit 

instruction of the verb, modeling. That is, teachers included opportunities to explicitly 

discuss what constitutes a model, but did not include evidence of these same 

conservations about the practices of modeling (e.g. construction, use, evaluation, and 
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revision). As it relates to the underlying epistemology of the modeling activities students 

engaged in, teacher data revealed that teachers used models and modeling primarily for 

the purpose of assessing student learning. While teachers understood the testable and 

revisable nature of models, they also emphasized the use of models as a means of 

understanding student thinking. Thus, models served as both scientific tools and 

pedagogical tools. Furthermore, teachers also acknowledge the utility of models in 

making connections to the real world outside of the classroom.  

Discussion 

Evidence from teachers’ Lesson Plan Tasks, pre-interview tasks, and semi-

structured, follow-up interviews indicate a distinction between the way teachers are 

currently thinking about the practice, Developing and Using Models, in the classroom 

and the intent of the NGSS. The NGSS summarizes what students should be able to do by 

the end of each grade band – these expectations outline how students should be engaging 

in the Science and Engineering Practices. Students engaging in the practice, Developing 

and Using Models, are expected to: 

 Identify limitations of models; 

 Collaboratively develop and/or revise a model based on evidence that shows 

the relationships among variables for frequent and regular occurring events; 

 Develop a model using an analogy, example, or abstract representation to 

describe a scientific principle or design solution; 

 Develop and/or use models to describe and/or predict phenomena; 

 Develop a diagram or simple physical prototype to convey a proposed object, 

tool, or process; and 
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 Use a model to test cause and effect relationships or interactions concerning 

the functioning of a natural or designed system.  

Ideally, students should be engaging in all aspects of this practice. That is, students 

should be constructing models, using models, evaluating the effectiveness of their 

models, and revising their models. Though the data indicates that students are indeed 

constructing and using their models to describe phenomena, as well as revising incorrect 

models, it is less clear how students are using their models to test relationships or whether 

they have opportunities to evaluate them. Furthermore, when asked how students develop 

their models, teachers frequently discussed how they were engaging their students in 

conversations around what constitutes a model, as opposed to describing how they 

engage their students in conversations about the processes of modeling.  

The literature suggests that even when modeling is present in the classroom, it is 

rarely incorporated other than for illustrative or communicative purposes (Kenyon et al., 

2011). In other words, students experience models as a means of communicating, 

whereby learners share their ideas to persuade or aid others in understanding, rather than 

for sense-making, wherein individuals or groups make a model for themselves in order to 

understand a phenomena (Schwarz et al., 2009). Teacher data from this study confirms 

this idea, teachers engage their students in modeling primarily for illustrative or 

communicative purposes. That is, teachers use models as a way for students to 

demonstrate their understanding. Student models, thus, serve a scientific purpose in that 

they help describe phenomena, but also a pedagogical function in that they act as 

assessment tools. Additionally, data from this study indicates an emphasis on using 

models to make connections to the real-world. This suggests that teachers understand 
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modeling to have utility as both a scientific practice, but also as a means of engaging in 

scientific literacy. 

Researchers emphasize the central role of models and modeling in the work of 

scientists (Justi & Gilbert, 2002; Windschitl et al., 2008). To accurately reflect this ‘core 

work’ of science, Windschitl and colleagues (2008) propose coordinating classroom 

activities around five epistemic features of scientific knowledge, stating that it is (1) 

testable; (2) revisable; (3) explanatory; (4) conjectural; and (5) generative. Evidence from 

the data analyzed in this study suggests that teachers understand the testable and revisable 

nature of scientific knowledge and the role of modeling in the production of this 

knowledge; however, it is not clear whether teachers understand the underlying 

epistemology of scientific knowledge production, and in particular modeling, as 

explanatory, conjectural, and/or generative. That is, teachers repeatedly emphasized 

testing student models and revising student models, but were less explicit about how 

students’ models were able to help students make connections, or explain, scientific 

phenomena. Moreover, other than the word, “abstract,” mention of modeling as 

conjectural was not present in teachers’ Lesson Plan Tasks, pre-interview tasks, or follow-

up interviews, nor was the use of models for generating hypotheses and/or predictions 

throughout the inquiry process evident across teachers. There was, however, one teacher 

who encouraged students to use a mental model to make an inference about whether or 

not a sphere or rod broken in half would have the same mass.  

In summary, this study found that while some teachers may understand aspects of 

this practice (e.g. models can take various forms, models are testable and revisable), other 

facets of models and modeling were less familiar to teachers and as a result, were absent 
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from teachers plans for instruction. While teachers indicated student engagement in the 

construction, use, and revision of models, opportunities to evaluate models as a 

community were absent from teacher data. Moreover, teachers focused on explicit 

instruction around what a model is, instead of on the processes of modeling (e.g. 

construction, use, revision, and evaluation). In addition, teachers continually spoke to the 

importance of models for representing student thinking, rather than as a sense-making 

tool. In instances where teachers described modeling as a means of making sense of 

scientific ideas, it was for the purpose of making connections to everyday encounters in 

the real-world outside of the classroom, as opposed to being identified as a primary goal 

of scientific modeling. Teacher data also demonstrated that while teachers understood 

models to be testable and revisable, they did not appear to be familiar with the 

explanatory, conjectural, and/or generative nature of models.   

Practical and formal epistemologies are offered as a means to explain why 

engaging in the practices are not enough to changes students’ ideas about professional 

science (Sandoval, 2005). Likewise, the differences in teachers’ practical and formal 

epistemologies offer a means through which to understand teachers’ ideas about science 

in the classroom. Teacher data from this study indicates that teachers have 

underdeveloped ideas about the difference between school science and professional 

science as it related to models and modeling. Teachers repeatedly identified similarities 

between the practices of students and the practices of scientists (e.g. scientists use models 

to represent their findings and/or understandings, scientists test and revise their models, 

models do not always work the first time, and things can be learned from errors present in 

models); however, the differences were cited far less frequently. In cases where the 
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differences were discussed, teachers merely indicated that because their students were 

elementary students, their models looked different from actual scientists. Teachers’ 

formal epistemologies appeared to be limited, and as a result, their students engaged in 

the practice, Developing and Using Models, in ways that were only partially 

representative of this science practice. This incomplete understanding of scientific 

modeling is problematic in that it acts as a barrier to implementing modeling in more 

authentic ways that reflect scientific modeling in the classroom.    

Conclusion/Implications 

 Although these teachers participated in a professional development program in 

which they engaged in the practice of Developing and Using Models, their plans for 

inclusion of this practice in their classroom focused on certain facets of this practice. 

Teachers emphasized the following related to the nature of student activity and the 

underlying epistemology of these activities: (a) the importance of explicit instruction on 

what constitutes a model; (b) engaging students in implicit instruction of modeling 

processes; (c) models are primarily for illustrative and communicative purposes, but can 

be used to make connections to the real-world; and (d) models are testable and revisable. 

This analysis suggests that elementary teachers, following a professional development 

program in which they learned science content by engaging in scientific modeling, were 

able to incorporate authentic aspects of these practices. However, the scope of their focus 

was limited to certain aspects of the practice, and as such, teachers need continued support 

to engage their students in all facets of this practice for an authentic representation of the 

field of science. For example, students need to understand the purpose of models not just 

for illustrative or communicative purposes, but also for sense-making purposes.  
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This study demonstrates the importance of understanding teachers’ ideas about 

science practices. The teachers in this study describe student engagement in the practice, 

Developing and Using Models, and while they describe a scenario in which students are 

creating their own models to represent scientific knowledge, they are less explicit about 

how this practice differs from the ways in which scientists produce models and/or scientific 

knowledge in the field. Thus, the distinction between school science and the field of science 

remains blurred. As a result, students are missing opportunities to experience an authentic 

representation of science as it is practiced in the field. Teachers also cite state testing and 

“things to get through the standards” as barriers to implementation of these practices, and 

as realities of knowledge production in school. As such, an understanding of teachers’ 

conceptions about science practices, and in particular modeling – described by researchers 

as the ‘core work’ of science – is important in determining how best to help teachers engage 

their students in practices that more closely reflect science as it is practiced in the field.   
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Chapter 5: Conceptualizing Authentic Science Practices 

The Framework for K-12 Science Education (NRC, 2012) directly addresses a 

key shortcoming of K-12 science classrooms today: the absence of opportunities to 

experience how science is actually conducted. The Next Generation Science Standards 

(NGSS), and more specifically, the NGSS Science and Engineering Practices (SEPs) 

offer a means through which to achieve engagement in more authentic science practices. 

We know that there are fundamental differences between the way students typically 

engage in science and the way professionals engage in science (Roth, 1997; Chinn & 

Malhotra, 2002), both in terms of the activity students are engaging in and the underlying 

epistemology of those activities. For example, in Chinn and Malhotra’s (2002) 

comparison of authentic inquiry and simple inquiry tasks within textbook-based 

curricula, the authors found that students engaged in simple inquiry do a single 

experiment or witness a single demonstration, whereas scientists coordinate results from 

multiple studies and resolve inconsistencies. Windschitl and colleagues (2008) reiterated 

that inquiry commonly practiced in school science, based on the scientific method, is 

unreflective of the way science is actually practiced. These inquiry experiences typically 

culminate in conclusions that summarize trends, but do not include developing 

explanations from the evidence in ways similar to scientists (Windschitl et al., 2008).  

Research has also indicated epistemological differences between authentic science 

and the science conducted in classrooms (Chinn & Malhotra, 2002; Windschitl et al., 

2008). For instance, the purpose of research in school science tasks is to uncover a simple 

regularity or understand a provided theory, yet the work of scientists aim to build and 

revise theoretical models with unobservable mechanisms (Chinn & Malhotra, 2002). 
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Similarly, the purpose of inquiry commonly practiced in schools as described by 

Windschitl and colleagues (2008) is to find patterns in natural phenomena, whereas the 

goal of authentic science is to develop defensible explanations of the way the natural 

world works. Moreover, traditional inquiry-based approaches to science instruction still 

situate the teacher as the sole epistemic agent, or the individual responsible for shaping 

the knowledge and practice of the classroom community (Stroupe, 2014). Most recently, 

McNeill and Berland (2017) present three problems of practice that act as epistemic 

barriers to engaging in more authentic science practices: (1) science as final form ideas; 

(2) data as the answer; and (3) isolated individuals and ideas.  

Understanding how teachers conceptualize science practices is particularly 

important considering the impact teachers’ ideas have on the planning process and how 

those plans are enacted (Bismack et al., 2014). Thus, if teachers’ ideas about science 

reflect an inauthentic view of the field, students are not likely to participate in authentic 

science learning environments. Examining how teachers understand science practices will 

help both researchers and teacher educators determine what supports teachers will need in 

moving towards a more authentic version of science in their classrooms. Accordingly, this 

research paper examines how elementary teachers conceptualize NGSS scientific 

practices, and in doing so will answer the questions: 

1. How do teachers’ conceptualize scientific practice in their classroom in terms of 

the nature of student activity and underlying epistemology? 

a. What do these conceptions tell us about teachers’ practical and formal 

epistemologies? 
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Theoretical/Conceptual Framework and Background Literature 

Research related to authentic science practices indicates a divide between the way 

science is traditionally taught in classrooms and the way science is practiced by scientists 

in the field (NRC, 2012). The Science and Engineering Practices (SEPs) included in the 

Framework and the NGSS are intended to engage students in practices more reflective of 

science, thus diminishing the divide. The NGSS specifies that engaging students in 

science as practice is a key objective of science education. Furthermore, student 

engagement in the SEPs is intended to increase students’ familiarity with and capability 

in scientific practices, but also increase their understandings of the norms, goals, and 

values of science (NGSS Lead States, 2013).  

However, truly engaging in scientific practices as described by the NGSS requires 

cultivating phenomena-based questions and working with students to co-construct ways 

to investigate them. That is, rather than participating in ‘tasks of the day’ and going 

through the motions of ‘school science’, engagement in the practices will be driven by 

questions about phenomena and consist of knowledge-building work (Reiser et al., 2017) 

– work consistent with that of practicing scientists. Schwarz and colleagues (2017) also 

speak to the importance of engaging students in scientific practices as a means of making 

sense of phenomena. They assert that “making sense of the world, or sense-making for 

short, is the fundamental goal of science and should be at the core of what happens in 

science classrooms” (p. 6). As articulated by Schwarz and colleagues (2017) in their 

characterization of two versions of classrooms, this will require a shift from ‘learning 

about’ phenomena to ‘figuring out’ phenomena.  
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A shift in classroom practice from learning about phenomena to figuring out 

phenomena will also require a shift in epistemic agency from teacher to students (Reiser 

et al., 2017; Stroupe, 2014). That is, students will be provided opportunities to work on 

constructing explanations of puzzling phenomena in the context of their classroom, rather 

than act as receivers of factual knowledge. The misalignment between school science and 

professional science has also been characterized in terms of “3Rs”: routines, roles, and 

responsibilities (Ford & Wargo, 2007). These authors describe pre-service teachers’ 

vision of school science dominated by traditional 3Rs, including the role of the classroom 

teacher as the epistemic authority (Ford & Wargo, 2007). However, these views shifted 

after participation in two exemplar activities designed to engage them in more authentic 

scientific practices, demonstrating that their views are malleable, but need to be attended 

to before they are able to envision authentic science taking place in their classrooms.  

While providing curriculum materials that emphasize scientific practices seems 

like a plausible solution, this overlooks the role of teachers in decision-making 

surrounding the use and implementation of curriculum materials. Current perspectives 

view teachers as designers when using curriculum materials (Davis et al., 2011), 

highlighting the importance of understanding teachers’ ideas about science practices 

included in curricula. Recent research has found that while teachers may enact scientific 

practices in the classroom, they vary from the suggestions made in the curriculum 

materials (Bismack et al., 2014). 

Additionally, research has examined teachers’ understanding of the goals of the 

NGSS, as well as how they described using the practices from the NGSS in their teaching 

(Kawasaki et al., 2017). Teachers described using the scientific practices in four different 
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ways, to: (1) help students learn science methods; (2) assess student understanding of 

science concepts; (3) reinforce science concepts already taught to students; and (4) 

develop student understanding of science concepts. The authors found that these 

descriptions were not aligned with the goals of the Framework and NGSS (Kawasaki et 

al., 2017). Teachers play a critical role in transforming these practices so that they are 

reflective of authentic science, yet the little we know of teachers’ ideas about science 

practices is that they are underdeveloped and misaligned with the intent of the NGSS. 

Epistemologies of science. While students’ practices of inquiry appear to share 

much with scientific practices, students’ expressed epistemological beliefs seem 

“hopelessly naïve” (Sandoval, 2005, p. 635). Science epistemologies are defined by 

Sandoval (2005) as “descriptions of the nature of scientific knowledge, including the 

sources of such knowledge, its truth value, scientifically appropriate warrants, and so 

forth” (p. 635). According to Sandoval (2005), understanding students’ scientific 

epistemologies are important for several reasons: (1) an understanding of epistemic 

underpinnings of inquiry will help students do it better; and (2) contemporary societies 

will require citizens to understand the nature of scientific knowledge and practice in order 

to participate effectively in policy decisions, and to interpret the meaning of new 

scientific claims as they encounter them in their lives. Research has found that the way 

teachers implement inquiry practices impacts student learning (Fogleman et al., 2011). As 

such, teachers must hold robust epistemologies in order to authentically implement the 

practices and support their students’ epistemic understandings. Therefore, understanding 

teachers’ scientific epistemologies are important in helping teachers implement more 
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authentic science practices in the classroom, and in allowing them to participate 

effectively as critical consumers of scientific knowledge.  

Sandoval (2005) proposes the difference between two epistemologies, practical 

epistemologies and formal epistemologies, as an explanation for why simply engaging in 

scientific practices is not enough to change students’ epistemic ideas about science. 

Practical epistemologies are described as the set of ideas that students have about their 

knowledge production in school science, and the epistemological ideas students apply to 

their own scientific knowledge building through inquiry. Formal epistemologies are 

defined as the set of ideas about scientific knowledge and its production that students 

have about professional, or formal, science (Sandoval, 2005). Thus, how inquiry is 

implemented in classrooms has consequences for the epistemological ideas that students 

have about their work, and the work of scientists. Distinguishing between the two 

epistemologies can offer insights into how to support teachers in engaging their students 

in scientific practices so that students understand their actions as reflective of authentic 

science practices. 

Sandoval (2005) raised three concerns related to practical epistemologies: (1) the 

nature of epistemological conceptions, fragmented beliefs or coherent frameworks 

remains unclear; (2) the specific epistemological beliefs that guide students’ practices are 

largely unknown; and (3) the relation of practical epistemologies and students’ expressed 

formal epistemologies are not well articulated. While Sandoval (2005) recognizes that 

specific epistemological beliefs that guide students’ practices are largely unknown, it is 

important to note that we also know little about the epistemological conceptions that 

guide teachers’ decision-making about engaging students in scientific practices. Sandoval 
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(2005) lays out six aspects of a research program for documenting students’ practical 

epistemologies and tracing their links to formal epistemologies to address the concerns 

described above. Two of the six aspects have direct implications for this research paper: 

(1) examine students’ practical epistemological ideas; and (2) compare practical and 

formal epistemologies.  

Examine students’ practical epistemological ideas. Sandoval (2005) recommends 

that studies of student engagement in authentic science practices should also include 

examinations of students’ own perspectives on that practice. Examining students’ own 

perspectives could be accomplished through artifacts and the discourse around those 

artifacts, as well as through interviews specifically designed to elicit students’ articulation 

of their reasoning behind certain decisions. This could include identifying 

epistemologically salient episodes and asking students to articulate why they made 

decisions at particular points. Bismack and colleagues (2014), for example, identified 

episodes in elementary teachers’ enacted lesson plans and asked them to elaborate on the 

choices they made to better understand teachers’ ideas about scientific practices. 

Teachers’ responses provided insights into their understanding of science practices and 

whether or not those matched the intent of the curriculum (Bismack et al., 2014). Also 

applying this to teachers, this study examined the underlying epistemologies (practical 

and formal) that guide teachers’ implementation of scientific practices through artifacts of 

teachers’ practice and their discourse around those artifacts. 

Compare practical and formal epistemologies. It is important to determine 

whether students’ experiences in the classroom help them develop formal science 

epistemologies (Sandoval, 2005). This can be achieved by asking students about their 
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experiences, and how their work compares to the work of scientists. Ricketts (2014) 

engaged her elementary preservice teachers in an exercise similar to that described by 

Sandoval (2005) that provided insights into teachers’ ideas about the NGSS SEPs. The 

preservice teachers in Ricketts’ (2014) science methods course video recorded their 

lessons and were asked to select and annotate instances in which students were engaged 

in the NGSS SEPs. These video segments and annotations were utilized to determine 

whether teachers had an understanding of the practices, and/or needed additional support 

in understanding how to teach the practices (Ricketts, 2014). Applying this approach to 

this study, a comparison of teachers’ classroom-based ideas and ideas about professional 

science provides an opportunity to identify discrepancies between the two 

epistemologies, and provides insights into how to support teachers in engaging their 

students in practices that more closely resemble authentic science. 

Applying Sandoval’s ideas about teachers’ practical and formal epistemologies as 

a lens through which to examine teachers’ ideas about scientific knowledge production in 

school and in professional science provides an opportunity to determine how those ideas 

influence the ways in which teachers engage their students in scientific practices. 

Accordingly, this study sought to understand teachers’ practical and formal 

epistemologies and how those influence their ideas about how to engage students in the 

SEPs in their classrooms. 

Methodology 

Participants and context. Participants in this study are drawn from a cohort of 

fifth grade teachers who participated in the Quality Elementary Science Teaching 

(QuEST) program. The QuEST project is a NSF-funded project which investigates the 
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impacts of a practicum-based professional development (PD) model on teacher and 

student learning. Teachers come from a cross-section of urban, suburban, and rural areas 

of a Midwestern State. During the two-week summer institute professional development 

program, all teachers engaged in learning science through curriculum and instruction 

designed around the NGSS (though for adult learners). In the first week, teachers 

conducted investigations related to the topic of matter, developed and used models to 

make sense of phenomena, and constructed explanations and arguments from evidence, 

among aspects of the other practices. Throughout the second week, teachers worked to 

modify their experiences from the first week for their students. Teachers also participated 

in four follow-up, Saturday sessions during the academic year, during which they 

translated their knowledge from the PD into learning experiences for their students. The 

teachers for this particular study (n=6) were chosen from the group of teachers who 

participated in post-program data collection (n=19). These six teachers were purposefully 

selected based on their lesson submissions and the practices included in their lessons. 

They are representative of the larger group of teachers who participated in the 

professional development program (Table 20). 

Table 20. Teacher profiles (before the start of the QuEST program) 

Teacher 

Identifier 

School Teaching experience 

(total/at fifth-grade) 

Preparedness to teach 

science (self-reported) 

322  Suburban 6 0 Adequately qualified 

310 Rural 16 5 Adequately qualified 

330  Suburban 25 21 Well-qualified 

315  Rural 4 4 Well-qualified 

335  Suburban 13 1 Adequately qualified 

316  Rural 1 0 Adequately qualified 
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Although four of the six teachers had more than five years’ teaching experience, only one 

had more than five years’ of experience teaching fifth grade. In other words, the majority 

of teachers had been newly assigned to teach this grade level and the accompanying 

science subject matter. Additionally, only two of the six teachers reported feeling ‘well-

qualified’ to teach science – one with four years’ experience, all at fifth grade, and one 

with 25 years’ experience, 21 of those at fifth grade. Thus, these six teachers represent 

novice attempts at teaching this particular science content in ways that align with the 

NGSS. As such, they can shed valuable light on the kinds of early successes and 

challenges teachers face in doing so in ways that reflect authentic science practices. 

Data collection. Data for this study included existing data collected as part of the 

professional development program in which teachers participated, as well as new data 

sources developed to elicit teachers’ conceptions of the NGSS SEPs.  

Existing data. A Lesson Plan Task comprised of a lesson plan, questionnaire, and 

follow-up interview served as data collected from teachers prior to and following 

completion of the professional development program. The Lesson Plan Task is a 

combination of the Lesson Preparation Method, adapted from Valk and Broekman (1999) 

and designed to probe teachers’ ideas about their teaching practices, and the Content 

Representation tool (CoRe; Loughran et al., 2004) also designed to uncover teacher ideas’ 

about teaching and learning. Following submission of their lesson plan and CoRe, 

teachers were interviewed to further probe specific ideas about teaching and learning. 

Though these data sources were designed as part of the QuEST program, they also 

provided the opportunity to understand teachers’ understanding of science knowledge 
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production – both in school (practical epistemology) and in the field (formal 

epistemology).  

New data. In addition to the existing data, two new sources of data were 

developed to elicit teachers’ ideas about science practices, both in terms of the nature of 

student activity and the underlying epistemology. The first, a pre-interview task, asked 

teachers to choose an instructional priority from a set of statements related to scientific 

practices and elaborate on their choice. The second new data source, a semi-structured, 

follow-up interview, included questions to probe teachers’ conceptions of the science 

practices evident in their Lesson Plan Tasks. These data sources were designed not only 

to probe teachers’ ideas about the practices, but to understand teachers’ practical and 

formal epistemologies.  

Pre-interview task. The pre-interview task was designed to determine what 

teachers prioritized as they enacted science practices in their classrooms. To do this, 

teachers were given a short list of statements and tasked with choosing the one they 

found most important for classroom instruction (Figure 8). Each set of statements were 

generated around gaps between school science practices and authentic science practices 

as described in the literature (e.g. science is non-authoritarian versus conducting 

investigations to find the “right” answer). In the case of the statements in Figure 8, an 

agreement with the first statement would suggest a priority given to finding the “correct” 

answer in the classroom, as opposed to an understanding of the process through which 

the results were obtained. 

Which instructional priority is most important related to PLANNING AND 

CARRYING OUT INVESTIGATIONS? 

Students obtaining the intended results for an investigation 

Students being able to explain the results of an investigation 
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Students following procedures for the investigation precisely 

Figure 8. List of statements related to Planning and Carrying Out Investigations 

Once teachers selected an instructional priority, they were asked to elaborate on their 

choice. Teachers’ choices and justifications were used to further probe their ideas about 

science in the classroom and science in the field.  

Semi-structured, follow-up interview. Initial analysis of teacher data involved 

identifying evidence of the SEPs in teachers’ lesson plans. Interview questions were 

generated around the practices most prevalent in teachers’ lesson plans. More specifically, 

questions were generated for the following practices: 

 Developing and Using Models 

 Planning and Carrying Out Investigations 

 Analyzing and Interpreting Data 

 Using Mathematics and Computational Thinking 

 Constructing Explanations from Evidence 

 Engaging in Argument from Evidence 

Questions, thus, were not generated for the practices, Asking Questions and Defining 

Problems, and Obtaining, Evaluating, and Communicating Information. Evidence of 

these practices were not only identified less frequently, but also difficult to identify as 

being included as a SEP rather than as a pedagogical strategy (e.g. communicating 

information as an assessment tool). Questions about the other six practices were 

generated using the cognitive processes and epistemologies inherent in science tasks as 

described by the literature (Chinn & Malhotra, 2002; Windschitl et al., 2008).  
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To understand teachers’ ideas about the nature of student activity, the cognitive 

processes of science tasks as described by Chinn and Malhotra (2002) were used to 

generate interview questions (Table 21). 

Table 21. Questions generated related to cognitive processes for Planning and Carrying 

Out Investigations 

Practice Cognitive 

Process 

Authentic 

Inquiry 

Simple Inquiry  Interview 

Questions 

Planning and 

Carrying out 

Investigations 

Designing 

Studies 

Scientists select 

and even invent 

variables to 

investigate 

Students 

provided 

variables, 

investigate one 

or two variables 

Tell me how 

students plan and 

carry out their 

investigations. 

Scientists invent 

complex 

procedures 

Students follow 

simple directions 

Scientists 

employ multiple 

controls and 

multiple 

measures of 

variables; 

difficult to 

determine what 

the controls 

should be 

Students are 

usually told what 

to control; 

students are told 

what to measure 

or observe and it 

usually a single 

outcome 

variable 

 

This process of question development was continued with epistemological 

features as described by Chinn and Malhotra (2002) and Windschitl and colleagues 

(2008). More specifically, applicable epistemic features were selected to further probe 

teachers’ ideas about the science practices and their underlying epistemology (Table 22). 

Table 22. Questions generated related to epistemic features for Planning and Carrying 

Out Investigations 

Practice Epistemic 

Feature 

Authentic Inquiry Simply Inquiry Interview 

Questions 

Purpose Scientists aim to 

build and revise 

Students aim to 

uncover a simple 

How do student 

make 
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Practice Epistemic 

Feature 

Authentic Inquiry Simply Inquiry Interview 

Questions 

Planning and 

Carrying Out 

Investigations 

theoretical model 

with 

unobservable 

mechanisms 

regularity or 

understand a 

provided theory 

connections 

between this 

investigation and 

other scientific 

phenomena? Revisable  Accomplished by 

evaluating 

hypotheses that 

make sense 

within context of 

a potentially 

explanatory 

model 

Predictions are 

not part of larger 

sense-making 

theory, nothing 

to revise 

 

Furthermore, to examine dimensions of cognitive processes and epistemic 

features not present in teachers’ Lesson Plan Tasks, scenarios were constructed to elicit 

teachers’ ideas about these areas (Table 23).  

Table 23. Scenarios generated for cognitive processes and/or epistemic features NOT 

present 

Practice Epistemic 

Feature 

Authentic 

Inquiry 

Simply Inquiry Scenarios 

Planning and 

Carrying Out 

Investigations 

Response to 

Anomalous 

Data 

Scientists 

rationally and 

regularly 

discount 

anomalous data 

Little scope to 

rationally 

discount data; 

data are rejected 

as erroneous 

results when 

they contradict 

expectations 

What if a student 

were to get a 

result other than 

the anticipated 

outcome. How 

would you 

respond to that? 

Theory-

ladenness of 

methods 

Methods are 

partially theory-

laden 

Methods are not 

theory laden 

(critical 

reflection on 

methods is not 

important) 

Suppose students 

wanted to access 

different data or 

tools for 

collecting data in 

order to conduct 

their 

investigation. 

How would you 

handle that? 
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In addition to questions developed around the cognitive processes and 

epistemologies as described in the literature, interview questions were developed to 

explicitly target teachers’ practical and formal epistemologies. For example, while 

discussing each practice included in teachers’ lesson plans, teachers were asked “how are 

what students are doing [insert practice here] like what scientists do and how is it 

different?” Two questions aimed at the lesson plan in general were also included: (1) how 

is this activity reflective of how scientists go about their work? How is it different; and 

(2) could you make this more like what scientists do? Why or why not? How? These 

questions were used to explicitly compare teachers’ practical and formal epistemologies 

as suggested by Sandoval (2005). 

Data analysis. Data analysis began with a close reading of both existing and new 

data to answer the research questions. Following this close reading, evidence of the 

practices were coded by practice using the qualitative analysis software program QSR 

NVivo10. Within each practice, ‘meaning units,’ or segments of the data that were 

relevant to both the activity and underlying epistemology of the practice, as well as 

teachers’ practical and formal epistemologies were identified. Throughout the analysis, 

the meaning units were reflected upon in order to generate themes. Upon reflection of 

these themes, several assertions were made about teachers’ conceptions across the 

practices in terms of activity and underlying epistemology. That is, assertions were not 

made by practice, but rather were determined based on evidence across multiple 

practices. Furthermore, evidence of teachers’ practical and formal epistemologies were 

identified and used to describe gaps between teachers’ understanding of knowledge 
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production in schools and in professional science. Existing data sources were used to 

triangulate the results and a peer debriefer reviewed the analysis and assertions.   

Results 

Activity of students. Two assertions were made related to the nature of student 

activity, or how teachers engaged their students in the SEPs: (1) teachers utilized a more 

teacher-driven or structured approach to engage students in the practices; and (2) barriers 

to engaging in the practices in more authentic ways included students’ abilities (as 

perceived by the teacher), the role of the teacher, and other classroom constraints such as 

time. These assertions highlighted particular gaps between teachers’ practical and formal 

epistemologies, described in more detail below. 

 Teacher-driven approach to engaging students in the practices. Analysis across 

the practices indicated an inclusion of pedagogical strategies that created a more 

structured or teacher-driven approach to engaging students in the SEPs. Teachers’ 

pedagogical strategies included providing students with scaffolds in the form of 

experimental steps or a chart to guide investigations, a measurement lab to practice using 

a variety of tools appropriately, and the use of structures such as “4 corners” – a 

pedagogical strategy that requires students to show their position on a specific statement 

by standing in a particular corner of the room (corner for strongly agree, agree, disagree, 

and strongly disagree) – to facilitate argumentation in the classroom. Table 24 provides 

examples of pedagogical strategies, as well as excerpts to further highlight how teachers 

incorporated these strategies in the classroom. 
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Table 24. Examples of pedagogical strategies across practices 

Practices Pedagogical Strategies  

Planning and Carrying 

Out Investigations 
 Students carry out investigations with the help of 

experimental steps or charts 

 

Teacher 316: They hear their instructions first, then they 

get with their group and their bins. I guess they are 

planning during that explore phase when they have their 

tub and they’re going through the chart and looking at all 

the materials and problem solving with each other. 

 

 Students are given roles to complete investigations  

 

Teacher 315: I will give them specific roles, like this person 

will be in charge of weighing, but they have to come up 

with the hypothesis and a plan and then bring it to me. I 

approve it or give suggestions and then they go back and do 

it. 

 

Using Mathematical and 

Computational Thinking 
 Students are provided with the appropriate tools 

 

Teacher 310: I’d rather have the kids have the right tools 

on how to do it, cause that’s not changing what they’re 

leaning, that’s just giving them a way to represent that they 

learned. 

 

Constructing 

Explanations and 

Designing Solutions 

 Students are asked to verbally explain before writing 

down an explanation 

 

Teacher 322: I feel like this is really hard for elementary 

students, sometimes they have the most success verbally so 

a lot of times we talk it out first and then [do] the written 

translation…it’s something that we work on all year in 

math, in reading, in science, in social studies, being able to 

explain your thoughts. 

 

Engaging in Argument 

from Evidence 
 Students choose one of “4 corners” to facilitate back 

and forth exchanges between students 

 

Teacher 335: As you can see around the room there’s 4 

corners of disagree, strongly agree, agree, and then 

strongly disagree so sometimes students stand on a side and 

have a conversation among themselves. Someone shares 

out and then you hear each other’s sides and if they change 

their thinking they move to another side…we are doing that 
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Practices Pedagogical Strategies  

all day long in all content areas. I want them to have a 

position and support it. 

 

 

In some instances, discussion about these pedagogical strategies suggests that 

teachers include the scientific practice as a means of developing students’ capability in a 

particular skill, rather than to help students recognize the need for the practice in 

developing their scientific knowledge and/or understanding. For example, the teacher that 

discussed “4 corners” (Teacher 335) described the importance of having a position and 

supporting it, in all content areas, as opposed to emphasizing how engaging in this 

practice would help students’ understand the scientific concept under study. This was 

common across multiple practices. When describing how students construct explanations, 

another teacher (Teacher 322) discussed the value of her students explaining their 

thoughts in all subjects. Again, the focus is on being able to explain and communicate 

your thoughts, as opposed to constructing a scientific explanation from your evidence and 

science ideas, as well as leaning how scientific explanations are disproved or rejected 

based on evidence. 

 While the inclusion of these pedagogical strategies indicates a more teacher 

driven approach to student engagement in the SEPs, there were instances in which 

teachers provided structures for engaging in the practices that incorporated student choice 

– thus, allowing the role of epistemic agent to be shared between teacher and student. For 

example, one teacher described how she tries to organize investigations so that the 

students are in charge on coming up with ways to test phenomena: 

Teacher 315: I try to make it where the kids are in charge of coming up with what 

is going to happen. I lead them down the path but they’re essentially in charge. I 
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just go around and ask questions and be the little bee in their ear, asking things 

and they have to come up with the different ways of testing. Now I will say “we’re 

going to try this, how do you think we should do that with these supplies?” 

 

In the above example, the teacher has chosen what the students will be investigating and 

the supplies available, but the students are responsible for determining how to use those 

supplies to test their ideas. 

In addition to providing opportunities for student choice, there were a couple 

instances in which teachers outwardly recognized the “crutch” provided to students by a 

more teacher-directed approach to instruction. For example, during a discussion about the 

use of the practice, Using Mathematics and Computational Thinking, one teacher stated: 

 Teacher 316: I think sometimes the students rely too heavily on being given the 

right materials and they don’t think of what is this material?, what is this 

measuring?, and what do I put – centimeters or millimeters?, oh this is a solid so 

it would need to be centimeters. Having the crutch of the teacher, giving them the 

tools and labels and everything where you just kind of baby them through it and 

where they’re not thinking, then they get up to freshmen in high school and they 

don’t know how to label and they’re just not comprehending it and actually 

thinking through why did I do that or oh you always use that when you’re trying 

to figure out mass. 

 

Although this teacher acknowledges the limitations of providing students with the tools 

and labels, most teachers, this particular teacher included, provided students with 

appropriate tools during student investigations.   

 Implicit and explicit instruction of the practices. Furthermore, while teachers 

utilized both implicit and explicit instruction across the practices, instruction consistently 

focused on aspects deemed important by the teacher, and not on helping students develop 

a comprehensive understanding of how to engage in the practices for student sense-

making. For example, teachers repeatedly discussed engaging their students in the 

practice of modeling without directly addressing the practice of modeling. As one 
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teachers stated, “there is a lot of prior discussion, observation, just taking simple 

moments to say this is a model…making sure you are truly explaining what models can 

be for students” (Teacher 322). That is, explicit instruction about modeling was reserved 

for discussions about what a model is, as opposed to how to engage in modeling. This 

also occurred within the argumentation SEP. Another teacher described how her students 

engaged in argumentation: 

Teacher 316: [while they’re using the chart] They’re kind of doing that healthy 

argumentation, like yes sand has weight and another kid would be like no it 

doesn’t I can’t feel it in my hand and then that person would be like no it doesn’t 

have weight because when I put it on the scale it shows me a number like that’s 

one piece of evidence. So you’re doing that argumentative explaining to each 

other what they think is right and then maybe they are wrong and the other person 

persuades them and they’re like oh you’re right I’ll change that…hopefully you’ve 

had plenty of time in the classroom to establish how you argue appropriately. 

 

Teacher 316 describes how her students engage in “healthy argumentation” in the 

classroom before going on to say that “hopefully you’ve had plenty of time in the 

classroom to establish how you argue appropriately.” Though this suggests that this 

particular teacher engages her students in explicit conversations about argumentation 

prior to implicit opportunities to engage in the practice, it is unclear what this explicit 

instruction looks like – is it specific to scientific argumentation, or simply how to 

appropriately disagree in the classroom? 

 There was also evidence of capitalizing on opportunities that arose to explicitly 

teach students about certain aspects of engaging in the practices. For example, one 

teacher shared an experience in which a student got a result that was far from what it 

should have been; however, she described it as a “perfect opportunity to say that’s why 

we’re testing more than once” (Teacher 330). Teachers also used explicit instruction of 

the practices to address what students would be tested on: 
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Teacher 315: In our test every year they have to have ‘if this, then this’. It is a 

requirement unfortunately, all of our hypotheses are not actually written that way 

as scientists but because of the way the tests are, I do have to get them in that 

model, but I do tell them that it’s not this way always. 

 

In this example, the teacher taught students to write hypotheses in a certain way because 

she knew that’s what was expected on the state test, even though she also acknowledged 

that they were not always written that way in professional science.  

Overall, teachers employed more teacher driven or structured approaches when 

engaging their students in the SEPs, and reserved explicit instruction for particular 

aspects of the practices (e.g. what a model is) and instances that provided an opportunity 

to address a discrepancy in the classroom (e.g. student got a result that was far off from 

the expected outcome) or an assessment item (e.g. on the state test). That is, engagement 

in and instruction of the practices were not designed to help develop students’ 

understanding of and ability to engage in the science practices, but rather to help students 

come to a particular understanding of the practice and/or concept being taught.  

Constraints of engaging in the practices authentically. Several constraints to 

implementing practices in ways that are authentic to scientific activity emerged from the 

analysis. When asked how what students were doing was similar and/or different from 

what scientists do, teachers frequently cited differences related to (a) students’ abilities; 

(b) the teachers’ role in the classroom, (c) and constraints of the science classroom.  

Students’ abilities as perceived by the teacher. As it relates to students’ abilities, 

teachers reported differences between student products and processes, and those of 

scientists. For example, several teachers stated that students’ practices were simplified 

versions of what scientists do (e.g. students’ models look different than actual scientists, 

scientists use more complex and longer formulas when using mathematics and 
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computational thinking). Teachers also recognized that the dialogue centered on the SEPs 

would be different between students and scientists. As one teacher stated that: 

Teacher 315: I can’t make it more like real life science more than I already do 

because of limitations – financial, time, and also the mental level of my students. I 

can’t get into atoms, they’re not ready for that because that’s too abstract 

whereas real scientists they are ready for that level. 

 

Among limitations such as finances and time, this teacher recognizes that her students are 

not ready to discuss particles at the atomic level. In this case, the NGSS ‘Assessment 

Boundary’ included in the performance expectation (PE): 5-PS1-1. Develop a model to 

describe that matter is made of particles too small to be seen, alerts teachers that the 

assessment of this PE does not include the atomic scale mechanism of evaporation and 

condensation or defining the unseen particles. As a result, this teacher reasons that 

student engagement in the practices cannot be more like those of scientists because some 

of the content is not developmentally appropriate. Thus, students’ conceptual ability 

serves as a barrier to making what students do, more like what scientists do.  

Teachers’ role. The teachers’ role and accompanying responsibilities in the 

classroom were also cited as barriers to engaging in the practices in more authentic ways. 

For instance, as teachers discussed the differences between students’ investigations and 

scientists’ investigations, they stated that scientists do not always have an end goal in 

mind, whereas teachers hope to guide students to a particular understanding. This created 

a tension between allowing students to pursue where their questions and data led them, as 

opposed to guiding students toward particular outcomes or ideas. As one teacher stated: 

Teacher 322: I do have a final goal for them and understand that scientists don’t 

always have that. Sometimes they do have to take chances because of curiosities 

or a hunch and I would love to value that in the classroom, but one we don’t have 

the resources and two, I have a curriculum I have to teach, there’s things I need to 

get done…unfortunately it does have to be structured with 25 kids. 
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This particular teacher recognizes the value of not having an end goal, but also states that 

she has a curriculum she has to teach – that is, she has a responsibility to cover the 

curriculum. Moreover, several teachers indicated that reaching a particular understanding 

was important in covering the standards they were expected to teach at their grade level. 

One teacher stated that “for me and what I do, I have some pretty definite outcomes that I 

need to have the kids get to in fifth grade” (Teacher 330). Furthermore, to reach these 

standards, some teachers went so far as manipulating investigations to make sure students 

came to an understanding of a specific idea. For instance, one teacher described an 

investigation related to temperature and evaporation in which the water by the window 

(which was supposed to be the area with the warmest temperature) did not evaporate 

more than the other areas in the classroom (there was a record cold spell). She described 

how she: 

Teacher 330:…would come in in the morning and dump that water out so that I 

would have some valid data…they’re 10 years old they’re not going to 

know…they have to have the right idea. I would not be above telling them guys 

when I came in in the morning this was supposed to be more evaporated than this 

but it wasn’t, I wonder why that happened? So I’m not above manipulating the 

data but I would also probably explain it too. 

 

Rather than engage students in conversations about the invalid data, this teacher 

manipulated the data to reach a particular outcome and planned for conversations about 

why she might have done this. Interestingly, several other teachers referred to instances in 

which they manipulated the data: 

Teacher 310: I think sometimes when you want the kids to achieve something if 

you don’t put steps then it’s not going to go well…sometimes you have to kind of 

rig things just a little bit because otherwise there’s going to be that level of 

disappointment. 
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In this case, the teacher states that she “rigs” the investigation so that students achieve the 

desired results and are not disappointed. She later explains that students are excited about 

achieving the desired outcome, and that without it, she would have a harder time keeping 

her students engaged. Another teacher described a density activity: 

Teacher 335: I want them to see that that’s the level where it floats and sinks, so I 

might have had a little bit of a hand in that. I haven’t normally doctored it up…so 

I mean the reality is there is human error, I don’t usually do it to make it work, but 

that one time where it was like everything was working so well and it was the first 

time that a graph actually meant something to them – where they could actually 

see that everything below this line really was floating or sinking and I was like oh 

you’re not going to blow it, no, not going to happen. Normally I don’ care if I’m 

wrong, it’s really okay I will say it’s human error we are not scientists in a lab 

with consistent protocols. 

While this teacher states that she doesn’t normally “doctor” it up, the graph in this 

scenario really helped the students understand the concept under study and she did not 

want to create an experience that would challenge that understanding. These examples 

suggest that teachers believe one of their roles to be that of transmitters of the curriculum 

and/or standards. In other words, they are responsible for making sure students 

understand particular concepts included in the curriculum or other standards documents. 

Classroom constraints. Teachers continually emphasized classroom constraints as 

barriers to implementing more authentic science practices, including lack of resources 

and time. For instance, one teacher stated that student engagement in the practices was 

different because students’ were not in a scientific lab, while another mentioned the 

availability of programs to help with the complex mathematics utilized by scientists. 

Teachers also acknowledged the lack of time spent on science in elementary classrooms 

as a barrier to authentically implementing science practices. They repeatedly brought up 

the extended amount of time scientists would spend – both planning for their engagement 

in practices (e.g. scientists do more planning, writing out elaborate investigations), and 
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time spent carrying out the practices (e.g. scientists spend a lot more time on each step, 

do tons of trials).  

Teacher 335: Throughout the year they might have an opportunity to plan, usually 

it’s done in a group, I might have some materials out that might guide their 

planning because of limited resources…we have 45 minutes so I probably don’t 

let them plan out as many investigations as would be helpful for them, it’s 

probably more teacher directed at times. 

 

This teacher mentions both resources and time as a barrier, identifying limited science 

time as a reason she does not have her students plan more investigations. Tensions 

repeatedly arose related to this particular classroom constraint. For instance, when 

presented with a scenario in which a student got a result other than the anticipated 

outcome, one teacher described how she would guide her students to a more accurate 

understanding by asking students questions. However, when faced with the constraints of 

time, she disclosed that she would have to be more direct: 

Teacher 322: I don’t think I would say it’s wrong. I would say ‘Larry’ got this, but 

you got this, what was different?, why might it be different? Hopefully they’d 

begin to develop an idea that they did something wrong…there is a time where I 

would say “oh well this was supposed to happen”, depending on timing and 

where we’re at in the unit…sometimes I may say “this is supposed to happen, why 

do you think you didn’t get that result?” 

 

This tension between guiding students through the use of questions and directly telling 

students what was supposed to happen emerged in other discussions. Another teacher 

shared a similar experience, stating that “sometimes I just have to say ‘okay notice these 

three had this, your group had this so what’s the difference?’ Unfortunately that’s just the 

reality” (Teacher 315). Time, or lack thereof, appears to be a consistent barrier to 

implementing the practices in ways that prioritize engaging in the practice as well as the 

concept to be learned.  
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In addition to resources and time, the state test was repeatedly cited as a priority 

in schools and as a barrier to implementing the practices in more authentic ways. For 

instance, during a discussion about the importance of accurately constructing a graph, one 

teacher stated: “for whatever reason, it’s a big part of the MAP (Missouri Assessment 

Program – assesses student progress toward mastery of Missouri standards) test” 

(Teacher 335). Another teacher spoke about conversations she had with her students 

related to the “scientific method” or lack thereof, pointing out that while a 7-step process 

does not exist in the real world of science, it does exist “on the MAP test where it asks 

you to put them in order” (Teacher 330). Due to classroom constraints such as the state 

test, teachers appeared to prioritize helping students develop a “correct” understanding of 

how to engage in the practices. 

Underlying epistemology. Several assertions can also be made about the 

underlying epistemologies across the practices: (1) assessing student learning is the 

ultimate goal of engaging students in the practices; (2) student sense-making is limited to 

scientific concepts and does not also include developing understandings of how scientific 

knowledge is constructed; and (3) similarities and differences between science in the 

classroom and in the field are related to the nature of the tasks, as opposed to the 

epistemology inherent in the tasks. 

Purpose of the practices. Although teachers include reasons for engaging in the 

practices that are unique to each practice, a commonality across all practices is the 

perceived utility of the practices as a means of assessing student understanding of science 

concepts. That is, the practices serve as a way for students to demonstrate their 

understanding, as opposed to as a way of developing their understanding. Table 25 
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highlights teachers’ ideas about the purpose behind student engagement in each of the 

SEPs prevalent in teachers’ lesson plans. 

Table 25. Purpose of engaging in the practices 

Practice Purpose 

Developing and Using 

Models 
 Represent what students are learning/ their 

understanding 

 Make sense of what you’re trying to figure out 

Planning and Carrying 

Out Investigations 
 Make a plan and explain what is happening  

 Synthesize/ putting it all together to represent learning 

Analyzing and 

Interpreting Data 
 Represent your thinking/ show your finding 

 Communicate an idea, and back it up with evidence 

Using Mathematics and 

Computational Thinking 
 Way to represent what students are learning 

 Means of understanding data/ interpreting results 

Constructing Explanations 

and Designing Solutions 
 Prove student thinking with evidence 

 Understand concepts and back up student ideas 

Engaging in Argument 

from Evidence 
 Back-up and prove student thinking 

 

As evidence by Table 25, priority is given to communicating student thinking as they 

engage in each of the practices represented in teachers’ lesson plans. In this way, the 

practices become a means of assessing student thinking so that teachers can ensure they 

are reaching the “right” conclusions, rather than a means of acquiring knowledge. 

In cases where teachers valued engagement in the practices for purposes beyond 

understanding the content, several teachers focused on the skills students were 

developing in a more general sense. For instance, one teacher stated, “the skill of being 

able to have an idea and back it up with evidence is everywhere and to enforce that in any 

subject possible, and science is perfect for it” (Teacher 316). This teacher is using the 

practice to teach students how to use evidence, not solely as it relates to science, but 

across disciplines. Interestingly, this teacher also further articulated her ideas about the 
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importance of finessing students’ scientific skills to be able to think like scientists now 

and in the future: 

Teacher 316: That is a huge over lying skill across the field of science as a whole. 

If our students can learn and practice the process of what it takes to use the 

scientific method well and use their data from their experiments to support 

explanations, they will be off and ready to get into more complex scientific ideas 

that are based off of these simple rules…I want my students to develop the 

capacity to learn and think like that. 

 

That is, this teacher also values these skills as they relate to science specifically. While 

Teacher 316 would like to promote a way of thinking scientifically, she also refers to “the 

scientific method” – an interesting juxtaposition of more epistemologically authentic 

ideas about the purpose of the practices, and the language commonly used in schools that 

suggest more inauthentic ways of engaging in science. Another teacher spoke about the 

importance of promoting thinking like a scientists when engaging in the science practice, 

Analyzing and Interpreting Data:   

Teacher 335: A lot of times school does not promote thinking reasonably. Like 

stop, that’s not reasonable people! So I think that’s a great life skill, reasonably 

this is not making sense to me so when you get your water bill and you see 

something that doesn’t look right and I’ve had that happen where it was my meter 

was stuck and I was like this isn’t right... 

 

In this particular instance, the teacher acknowledged the importance of school in helping 

students think reasonably about the information they encounter – thus, science becomes 

an opportunity to develop students’ ability to engage in the practices critically. This theme 

was common across teachers. Another teacher stated: 

Teacher 322: Depending on what profession, you need to be able to speak your 

mind and show your findings and be able to support it with evidence and that’s 

our ultimate goal if we’re preparing kids for college…sometimes I feel like 

educators are so focused on specific standards, so focused on you need to learn 

this and only this, we’re not really thinking well someday my students may not 

have to focus on conservation of mass but what they will need to do is be able to 

share their findings about their experience…They may not know that specific 
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science content but they need to be able to be a thoughtful citizen in our 

country…I focus on the standards because it’s my job but the thing I appreciate 

about the NGSS is that they have all of these other components in the curriculum 

which are so important. Teachers need to be applying those things in the 

curriculum. 

 

This particular teacher recognizes the importance of being a thoughtful citizen, and the 

utility of the NGSS in accomplishing this, yet she still points out that her focus is on the 

standards because “it’s [her] job.” Although teachers recognize the value of the practices 

in helping their students think reasonably and critically, the emphasis remains on 

assessing student learning and covering the standards. 

Evidence across teacher data indicates that teachers are engaging their students in 

the practices as a means of supporting their understanding of scientific content. That is, 

teachers ultimately wanted their students to develop the “correct” understanding of a 

specific scientific idea. While this is common across teachers, there are some instances 

where tensions were apparent. For example, in instances where teachers are presented 

with a scenario in which students reach an inaccurate understanding of science content, 

some teachers respond by implying that it is NOT their job to tell them that it is incorrect. 

Rather, teachers leverage other activities, and in some cases, other practices to guide 

students to an accurate understanding – a more authentic approach to engaging in the 

practices. One teacher explained how she asked students to construct an individual model 

first so that she could “see where their thinking is going…and [see] what lessons I need 

to put in place to build on it to fit the standards” (Teacher 315).  However, when 

presented with a scenario in which a students’ model was incorrect, she stated that “I’d 

make them retest or test in a different way” (Teacher 315). Teacher 315 initially places an 

emphasis on meeting the standards, but leverages another practice (Planning and 
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Carrying Out Investigations – “retest or test another way”) to help students identify 

inaccuracies in their model rather than tell them they are wrong.  

 Overall, these results indicate that while teachers are engaging their students in 

the practices, they serve primarily as a means of understanding student thinking and 

helping students learn the content and/or meet the standards. Even though students are 

not given answers in an attempt to teach the content, they are directed to engage in the 

practices for the purpose of developing an understanding of the “right” answer. That is, 

the practices still serve as a method of demonstrating an understanding of the content, 

and not as opportunities to make sense of phenomena. 

Disconnect between science content and science practice. Although teachers 

repeatedly emphasized engaging students in the practices for the purpose of assessment, 

some teachers also acknowledged the utility of science practices as a means of thinking 

scientifically and making sense of scientific phenomenon. However, analysis indicates 

that teachers focused on using strategies to support students’ understanding of the 

content, rather than to support students’ understanding of how the practices enable them 

to make sense of scientific phenomena (Table 26). That is, the inclusion of SEPs in the 

classroom remains task-oriented, and not epistemically driven – students are “doing the 

lesson” to learn science content, not “doing science” (Jimenez-Aleixandre et al., 2000). In 

other words, teachers are engaging students in the practices to reach particular standards, 

and not to provide authentic experiences of science. 
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Table 26. How teachers help students make connections between practices and scientific 

ideas 

Practices Strategies used to help make connections between practice 

and scientific ideas 

Developing and Using 

Models 
 Build on their personal experiences (e.g. seeing “dust” in 

the air as an example that particles are too small to see) 

 Make notations in science notebook to record thinking  

Planning and Carrying 

Out Investigations 
 Use background knowledge and previous experiences to 

make sense of phenomena under investigation  

 Look for moments in the classroom to question students 

about their investigations 

 Use science notebooks to look back at previous 

investigations 

 Present students with pictures, prompts, or real-world 

scenarios to help them make connections 

Analyzing and 

Interpreting Data 
 Question students about their experiences with the data  

 Analyze both individual and group data to make 

comparisons 

Using Mathematics 

and Computational 

Thinking 

 Discuss how understanding the math is important for 

interpreting results 

 Use data as evidence to support an argument  

Engaging in Argument 

from Evidence 
 Have scaffolds or structures in place to help students 

make connections between their evidence and 

explanations 

 Encourage students to prove their thinking in multiple 

ways  

 

Teachers mention the use of questioning, science notebooks, and referring to students 

previous experiences to make sense of scientific ideas; however, these strategies 

primarily support students in understanding content, as opposed to and understanding of 

how the practices help them make sense of and construct scientific knowledge. This is not 

to suggest that implementing tasks such as these to help students make connections is not 

valuable, but rather to point out that teachers tend to focus on the pedagogical strategies 

used to make sense of the phenomenon whilst engaging in the practices, instead of 

focusing on how engaging in the practices presents an authentic opportunity to construct 
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scientific knowledge. The following excerpt was selected from a conversation about 

activities that help student make connections to their models: 

Teacher 330: This is my example, if I open the door some of the particles that are 

in here are going to go out there and some of the particles that are out there are 

going to come in here but if it’s the balloon on the bottle and they don’t have any 

place to go, they can’t come in. 

 

The teacher is using this example as a teaching model to help students make sense of the 

phenomena they are studying (an inflated balloon in a bottle). However, missing from the 

conversation is how the teacher helps her students understand the utility of examples and 

models in constructing scientific knowledge. That is, the emphasis is on the example 

itself, not on using the practice of Developing and Using Models to make sense of 

phenomena.  

Other teachers spoke to the importance of using the practices to make sense of 

your thinking, but not for the purpose of understanding how scientific knowledge is 

constructed. Rather it was to understand students’ thinking. For example, one teacher 

stated: 

Teacher 310: I want them to be able to say this is why I believe what I believe. It 

may not be right, but if you can tell me why you believe it than I can understand 

what you’re misinterpreting…then maybe I can find something to introduce to 

them that will teach them the result I want them to reach. 

 

In this example, this teacher wants her students to support their thinking so that she may 

understand what they are misinterpreting and find something that will teach them the 

result she wants them to reach, not because she wants them to engage in epistemically 

driven science practices. This is not to suggest that teachers should not attempt to 

understand student thinking for the purposes of addressing misinterpretations or 

misconceptions. On the contrary, teachers and scientists often have different goals and 
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assessing student understanding is an important teacher goal. However, students also 

need opportunities to understand how the practices enable them to make sense of 

scientific phenomena in ways more reflective of epistemically authentic science 

practices.  

 Conversely, some teachers described scenarios in which they valued student 

engagement in the practices in ways more reflective of scientists. For example, one 

teacher shared her preference for “skeptics” in the classroom: 

 Teacher 315: I prefer that we have skeptics because then you know they’re 

actually making connections and thinking through the process and not just going 

okay and moving on. I love my skeptics because they usually are the ones that 

bring out more learning. 

 

This teacher appreciates the perspectives her skeptics bring to the learning in her 

classroom – as she describes, it gets them thinking through the process as opposed to 

quickly moving on once they reach a conclusion. Another teacher discusses the 

importance of “having a sense of the bigger picture”, rather than “following procedures 

and regurgitating something”:  

Teacher 335: Ultimately at the end of the day, we want students to make sense of 

what they’re doing and so I want to know do you have a sense of what the big 

picture is, are you able to synthesize information and interpret that…I think it’s 

much more important for them to be able to communicate their understanding…if 

all you’re doing is following procedure and regurgitating something that’s really 

not helpful or doesn’t tell me anything more about your learning. 

 

As evidenced by the above excerpts, these teachers value sense-making for purposes 

beyond understanding a particular concept. In this way, students are not only learners of 

content, but students engaged in epistemologically authentic practices. These excerpts, 

however, represent a small collection of instances in which teachers more closely 

described an engagement in the practices as a means of “doing science.” Rather, teachers 
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typically described an inclusion of the SEPs in which teachers used pedagogical 

strategies (e.g. use examples to build on previous experiences, using science notebooks to 

make notations) to help students make connections between the scientific practice they 

were engaged in and the content under study. That is, an engagement in the SEPs served 

as a way to learn the content, and not as an opportunity to develop an understanding of 

how scientific knowledge is constructed.  

Emphasis on superficial resemblances rather than epistemic criteria. Even 

though teachers were able to list similarities, as well as differences between science 

practiced in the classroom and in professional science, they were often related to the 

nature of the task, and not to the epistemologies inherent in the tasks. Classroom versions 

of the practices were perceived as less detailed, precise, or complex. Similarities, 

however, included sharing results and seeking peer approval, the importance of 

conducting multiple tests, and using tools to collect data. These examples suggest a 

similarity between the actions of students and of scientists, as opposed to a similarity 

between the epistemologies inherent in tasks (e.g. the social construction of scientific 

knowledge) conducted by both student and scientist. Table 27 highlights the similarities 

and differences identified by teachers, as well as categorizing them as action-oriented or 

having to do with epistemic considerations. Excerpts are included to further illustrate 

teachers’ ideas about the similarities and differences between students’ and scientists’ 

practices.  

Table 27. Similarities and differences between students' and scientists' practices 

 Action-Oriented Epistemic Consideration 

Similarities  Creating their own model 

 

 Don’t always have the end 

result 
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 Action-Oriented Epistemic Consideration 

Teacher 322: They have to 

represent their findings in their 

own way, so I’m not giving them a 

model that they have to 

understand, they need to create 

their own. 

 

 Experimental process 

 

Teacher 310: Science is taking 

materials and creating an 

investigation. They’re doing it and 

if it doesn’t work then they go 

back and try it again and then 

they’re taking their data and 

comparing it to somebody else’s. 

 

 Comparing notes and talking 

about them 

 

Teacher 335: Comparing their 

notes, talking about them, fleshing 

out what’s the most important 

thing to communicate. 

 

 Use tools to collect data 

 

Teacher 330: That’s what they do, 

real scientists have to use tools to 

collect data. 

 

 Supporting their ideas 

 

Teacher 335: They’re developing 

a claim or a hypothesis and 

they’re trying to support that with 

reasonable ideas. 

 

Teacher 316: Scientists are doing 

that too. They have a question, they 

have a hypothesis but there’d be no 

point in the experiment if they 

already had the end result…once 

[all groups] get their ideas 

together they can narrow it down 

more accurately…sometimes you 

have to go back to square 1 or 

square 5 or whatever. 

 

 Share results with others 

 

Teacher 322: Their explanations 

are very much like scientists, but 

scientists are sharing their thoughts 

on the TV, scientists are using 

social media. [Students] need to be 

able to explain their findings to the 

audience they’re trying to reach. 

 

 Things don’t always work 

 

Teacher 310: I think it’s like they 

do because I mean sometimes 

they’re testing their theories when 

they’re creating those models, and 

you know sometimes they work and 

sometimes they don’t which is often 

like what scientists do. 

 

 Use models to make sense of 

world around them 

 

Teacher 330: I think that’s just 

what science is, figuring out how 

things work and how things fit 

together. That’s the whole idea 

behind models, helping me make 

sense of what it is that I’m doing 

and I assume that’s what real 

scientists to too, they want to be 

able to make sense of what it is 

they’re trying to figure out. 
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 Action-Oriented Epistemic Consideration 

Differences  Scientists do tons and tons of 

tests to make sure their 

hypothesis is accurate and 

they’re constantly analyzing 

data. 

 

Teacher 322: It could get so 

repetitive, so many details and so 

many things you need to take into 

consideration, so this is a very 

simplified version of what real 

scientists do. 

 

 Teacher provides steps for 

students 

 

 Different types of resources/ 

equipment 

 

Teacher 335: I mean there’s lots 

of ways it’s not like real science, 

we don’t have half a million 

dollar machine. 

 

 The scale and expectation of 

sharing results  

 

Teacher 316: It’s essential to what 

they do. They come up with an idea 

and they have all these pieces of 

evidence to prove why they’re right 

and then they talk to other 

scientists and share their opinions 

and maybe they find some 

discrepancies between the two and 

they go back and do more trials. I 

just keep thinking it’s such a 

smaller scale. 

 

As evidenced by Table 27, teachers were better able to identify the similarities between 

students’ practices and those of scientists; however, the similarities they identified were 

more often action-oriented. Teachers’ emphasis on “acting” like scientists was further 

substantiated in statements such as these, “I always try to pull in that they’re acting like 

scientists” (Teacher 315). There was only one instance in which a teacher said she wanted 

her students to “think” like scientists – “I expect you to think like a scientist…to figure 

out how this works and then apply it to what you know” (Teacher 310). This is not to 

suggest that students should not be acting like scientists, but rather that they should also 

be exploring how to think like a scientist. That is, students need opportunities to consider 

how scientific knowledge is constructed. 
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Practical and Formal Epistemologies 

 Analysis of teacher data and the assertions generated related to teachers’ 

conceptions of the nature of student activity and the underlying epistemology revealed 

gaps between teachers’ practical and formal epistemologies related to the practices. More 

specifically, three gaps in teachers’ understanding emerged as a result of the assertions 

generated: an understanding of (1) how to make classroom science more epistemically 

rich for knowledge-building rather than knowledge-telling; (2) how to engage in the 

practices without guiding students toward a particular answer; and (3) how to overcome 

the ‘realities of the classroom.’ Each gap is described in more detail below. 

How to make classroom science more like ‘professional’ science. Analysis of 

teacher data and the accompanying assertions revealed several gaps between teachers’ 

practical and formal epistemologies. Among these exists a gap in teachers’ understanding 

of how to make epistemically rich science classrooms. That is, while teachers frequently 

mentioned how their students’ actions could be more like those of scientists, they rarely 

articulated how their students could engage in the practices in ways that reflected the 

knowledge-building practices of scientists. More specifically, five teachers focused on 

how the tasks present in their lessons could be more like scientists. For example, one 

teacher offered the following as ways her lesson could be more like science: 

Teacher 316: You could just do simple things – documentation of their 

experiments would be more accurate instead of dialoguing with their neighbors, 

then they’d be able to prove like I did these 3 experiments and came up with this 

conclusion. That would be a lot more data collection, which in you know a fifth 

grade classroom would take you a very long time, but it would be more 

accurate…Scientists have to always prove everything that they’re doing if they’re 

going to use that data in like explanations for a theory or a scientific idea. 
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This teacher, like the majority of teachers, focused on the small things her students could 

do to be more like scientists (e.g. documenting their experiments), rather than describing 

how students could begin thinking like scientists and developing an understanding of how 

scientific knowledge is constructed (e.g. dialoguing with neighbors – scientific 

knowledge is socially constructed). Additionally, this particular teacher repeatedly uses 

the word “prove” to describe the work of scientists, and does not appear to understand 

that in fact, scientists often work to refute their claims. Examples like these suggest that 

teachers are still developing their formal epistemologies and thus, focus on superficial 

ways their students actions could be more like scientists. 

How to engage in practices in more student-driven ways. Analysis of teacher 

data also demonstrated a gap related to teachers’ understanding of the role of science 

practices in the classroom. Five teachers described scenarios in which the practices 

served as a means of reaching a particular outcome. While they appear to understand that 

scientists do not follow a particular path, they also place an emphasis on their 

responsibility to cover the content. Thus, teachers’ practical epistemologies reflect a sense 

of responsibility in guiding students to an accurate understanding of science concepts. 

Teachers’ formal epistemologies, however, acknowledge that scientists do not have 

guides, and that they do not always know what the outcome will be. One teacher 

articulated the difference between her lesson and the work of scientists:  

Teacher 315: The difference is that I lead them down the path by providing the 

materials that they can use to test…whereas scientists kind of have to figure that 

out on their own for the most part. Now there are some that are just doing 

research on previously tested things and confirming or disproving so it kind of 

varies. I kind of guide them on where they’re going…whereas scientists don’t 

always have guides. 
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The difference here, as described by this teacher, is that students follow a particular path, 

whereas scientists figure out their own path. This excerpt reflects a difference between 

this teachers’ practical and formal epistemology – students construct scientific knowledge 

by following a path, while scientists have to find their way to scientific knowledge on 

their own. This was common across the majority of teachers, they consistently focused on 

engaging in the practices to reach specific conclusions, whereas scientists engage in the 

practices to test specific mechanisms that support or refute specific conclusions. 

Accordingly, the SEPs in the classroom serve as a method through which to develop 

student understanding of the science content, rather than as an opportunity to develop 

students’ understanding of and ability to engage in the practices in ways that reflect the 

work of actual scientists.  

‘Realities of the classroom’ as a barrier to authentic engagement in the 

practices. Lastly, the assertions made about the activity of students and the underlying 

epistemology of those activities suggest a gap between all teachers’ ideas about what is 

possible in the classroom and in the profession of science. As one teacher stated: 

Teacher 310: I could [make it more like science] in the sense that I wouldn’t give 

them very specific instructions but I don’t think I would want to do that because I 

think that would create chaos, it’s just the reality of fifth grade science. 

 

Even when teachers recognized ways they could make engagement in the practices more 

like professional science, they repeatedly cited constraints, or ‘realities of the classroom’ 

as barriers. Another teacher described her colleague’s use of the scientific method and 

stated that it’s “just the way we teach science and until everybody gets on board with how 

it is in the real world then you’re going to have people that think it has to be done that 

way” (Teacher 330). In addition to classroom constraints such as resources and time, 
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teachers also explain the implementation of science practices in inauthentic ways as “just 

the way we teach science” (Teacher 330). Often missing from these conversations were 

suggestions for overcoming this barrier. Thus, teachers’ practical epistemologies reflect 

the idea that scientific knowledge construction is constrained by issues inherent in 

classrooms (e.g. emphasis on the scientific method), and because of that more authentic 

engagement in the practices is difficult. 

Teachers’ practical and formal epistemologies suggest that while teachers have 

some understanding of professional science, they tend to focus on the ways they could 

make certain tasks more reflective of science (e.g. more documentation of experiments), 

rather than emphasize how students’ engagement in the practices – both in terms of 

activity and epistemology – could more closely resemble science as it is practiced in the 

field. Furthermore, teachers have ideas about their responsibility in covering the 

standards and while they acknowledge the difference in the work of scientists, engage 

students in the practices for the purpose of reaching those standards. Additionally, 

teachers appear to prefer a more structured environment due to the constraints of 

curricula, standards, and the chaos that might come with a more unstructured 

environment.  

Summary  

 Analysis of teacher data reveals that these elementary teachers have some 

understanding of the practices of professional scientists, as well as some ideas about how 

to make their classroom instruction reflective of authentic science practices. However, the 

majority of plans for the inclusion of the practices remained more teacher-directed. 

Additionally, while there was evidence of both implicit and explicit instruction of the 
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practices, explicit instruction appeared to be reserved for certain aspects of the practices 

and often resulted from ‘teachable moments’ in the classroom (e.g. outlier in data results 

in conversations about conducting multiple trials), rather than intentional supports to 

promote students’ understanding of and facility with the practices themselves. Teachers 

cited several constraints that impede a more authentic engagement in scientific practices, 

including: students’ perceived abilities, the teacher role, and classroom constraints such 

as resources and time.  

 Teacher data also indicated an inclusion of the practices for the purpose of 

assessing student learning, and an emphasis on students learning content, as opposed to 

students engaging in the practices of science for the purpose of understanding how 

scientific knowledge is constructed. That is, students’ engagement in the practices were 

not epistemologically-driven, but included as a means of understanding a particular 

concept. Furthermore, though teachers were able to articulate both similarities and 

differences between science in the classroom and science in the field, they were often 

related to the action of the student and/or scientist, and not to the underlying 

epistemology. Additionally, the differences between teachers’ practical and formal 

epistemologies suggests a need for support to ensure that student engagement in the SEPs 

matches the intent of the NGSS and resembles authentic science practices.  

Discussion 

These results address a gap in the literature related to how teachers’ articulate 

their ideas about the SEPs in terms of the nature of student activity and the underlying 

epistemology of those activities. Furthermore, the assertions made across the practices 

inform our understanding of teachers’ practical and formal epistemologies. Results from 
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this study indicate a more teacher-directed approach to engaging students in the practices 

and the teacher as the sole epistemic agent in the classroom (Stroupe, 2014). This is not 

surprising give teachers’ understanding of the practices as a means to guide students 

towards a particular outcome. In addition, teachers cited numerous barriers to engaging 

students in more authentic practices, but when asked how they would make science 

instruction more reflective of authentic science, emphasized superficial ways their 

activities could reflect the work of scientists.  

Nature of student activity and underlying epistemology. Analysis of existing 

and new teacher data revealed several themes related to the question, how do elementary 

teachers conceptualize scientific practice in their classroom in terms of the nature of 

student activity and underlying epistemology? 

As it relates to the activity students are engaged in, data suggests that students are 

engaging in the practices in more structured and/or teacher-driven ways. Although the 

NGSS outlines several expectations students should reach by the end of particular grade 

bands for each of the eight SEPs, many of which include a more student-directed 

approach to engaging in the practice, data from this study suggests that teachers are still 

the sole epistemic agent in the classroom. This more structured approach is described by 

several teachers as the result of the reality of the classroom – students’ ability to 

authentically engage in the practices, the teachers’ role in covering standards and 

curricula, and other classroom constraints such as time and resources. In this way, 

teachers align with a more traditional view of the 3Rs – routines, roles, and 

responsibilities – of classroom instruction as described by Ford and Wargo (2007).  

Furthermore, teachers appeared to engage students in both implicit and explicit 



 

159 

 

instruction around the practices; however explicit instruction was reserved for particular 

aspects of the practices (e.g. what a model is). 

Although the literature identifies more epistemically authentic ways to engage in 

science practices, teacher data indicates that teachers struggled to make connections to 

epistemic considerations. For example, teachers primarily engaged students in the 

practices for the purposes of assessing their learning of specific content, as opposed to 

developing explanations of the way the natural world works. In other words, teachers 

were still guiding students toward the “right” answer. This final form science, or the idea 

that there is one right answer, is described by McNeill and Berland (2017) as one of the 

three problems of practice inherent in more traditional science instruction. Even when 

students did engage in sense-making for the purpose of explaining phenomena, the end 

goal was still an understanding of the content as opposed to an understanding of how to 

leverage the practices to construct scientific knowledge. That is, students were engaged in 

the practices to learn content, rather than as students engaging in authentic science 

practices. In this way, the practices became another way of “doing the lesson”, as 

opposed to “doing science” (Jimenez-Aleixandre et al., 2000). Additionally, the 

similarities and differences teachers identified between science in the classroom and in 

professional science were often superficial. Teachers spoke to the similarities and or 

differences between the tasks or actions of students and scientists, as opposed to 

epistemic aspects of the practices. This is especially reflected in several teachers’ quotes 

in which they wanted students to “act like scientists.” There was, however, one exception. 

One teacher stated that she wanted her to students to “think like scientists.” Thus, while 

teachers were able to identify similarities and differences between science in the 
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classroom and science in the real-world, they emphasized actions as opposed to the 

epistemologies inherent in the practices.  

Teachers’ practical and formal epistemologies. In relation to the sub-question, 

what do teachers’ conceptions tell us about their practical and formal epistemologies, it 

is evident that there is indeed a gap between teachers’ practical epistemologies and their 

formal epistemologies. Even when teachers were given an opportunity to describe how 

they would make their lesson plan more reflective of authentic science in an ideal setting, 

they struggled to come up with more authentic ways of accomplishing this. Rather their 

suggestions remained superficial (e.g. having students write more detailed plans). 

Moreover, due to teachers’ ideas about their responsibility in covering the standards, and 

the ‘realities of the classroom’, implementation of the practices remained more teacher-

driven and less like the practices of scientists. Thus, teachers’ practical epistemologies 

reflected a version of science that was not reflective of authentic science practices. 

Teachers emphasized the construction of accurate scientific knowledge, achieved at the 

guidance of the teacher. In addition, teachers’ formal epistemologies appeared 

underdeveloped as indicated by teachers’ emphasis on more superficial ways student 

tasks could reflect those of scientists (e.g. could make investigative steps more precise). 

Conclusion/Implications 

Evidence from teacher data indicates the need to support teachers as they engage 

students in the practices, both in relation to the actions of the students and the 

epistemologies inherent in those actions. Furthermore, using the lens of practical and 

formal epistemologies allowed me to examine the results and determine the gaps evidence 

between teachers’ ideas about knowledge production in school and in science. More 
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specifically, analysis through this lens demonstrated the need to help bridge the gaps 

between teachers’ practical and formal epistemologies Once teachers are better able to 

articulate the similarities and differences between school science and professional science 

– both in terms of activity and epistemology – as well as how they can overcome the 

barriers inherent in the classroom, they can begin developing lessons that include the 

practices in ways more reflective of the practices of scientists.  

The findings from this study have implications for both research and practice. 

Future research will need to be conducted to understand teachers’ ideas about all of the 

practices. More specifically, Asking Questions and Defining Problems, and Obtaining, 

Evaluating, and Communicating Information were not represented in ways as intended by 

the NGSS, rather they were included as a means of assessing student understanding. Thus, 

teachers were not explicitly asked about their use of these practices. These practices, 

however, are central to science investigations. The absence of these scientific practices 

reiterates the teacher-directed approach to the inclusion of the practices, as well as the 

emphasis on finding the “right” answer. Additional research is needed to understand the 

ways we can support teachers in transforming their classroom practices to reflect the vision 

of reform documents like the NGSS. Professional developers and teacher educators will 

also need to find ways to help teachers realize the potential of the SEPs in engaging their 

students in authentic science. 
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Chapter 6: Synopsis and Conclusions 

Significance of the Study 

 Recent reform documents such as A Framework for K-12 Science Education and 

the Next Generation Science Standards (NGSS) place an emphasis on students’ 

understanding and ability to engage in scientific practices (NRC, 2012; NGSS Lead 

States, 2013). More specifically, the NGSS Science and Engineering Practices (SEPs) 

represent the knowledge and skills necessary for students to be fully engaged in science 

(NRC, 2012). Engagement in the SEPs is intended to help students understand how 

scientific knowledge is constructed and prepare them to think critically about the 

scientific information they encounter on a daily basis (NRC, 2012). That is, the intent is 

for classroom science learning to more closely resemble authentic science. ‘Authentic’ 

here is used to describe student engagement in practices that more closely resemble the 

practices of scientists, both in terms of the nature of student activity and the underlying 

epistemological dimensions of student activity as articulated by the national standards. 

However, this is not to be interpreted as students actually doing the work that scientists 

do. Rather, students should be engaged in the practices of science as described by the 

NGSS so that they have the opportunity to investigate the natural world in a way that 

resembles professional science. 

Despite the importance of engaging students in authentic science practices for the 

purpose of understanding the scientific enterprise, school science remains largely 

unreflective of professional science. Recently, the literature has described three problems 

of practice that act as barriers for engaging in more authentic science practices: (1) 

science as final form ideas; (2) data as the answer; and (3) isolated individuals and ideas 
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(McNeill & Berland, 2017). Prior research has also highlighted the differences between 

school science and professional science (Chinn & Malhotra, 2002; Windschitl et al., 

2008). Thus, implementing the new standards and the accompanying practices will 

require a shift in the way school science is traditionally taught. Additionally, teachers face 

a number of challenges in implementing science experiences that more closely resemble 

those of scientists including teachers’ limited understanding of science and science 

concepts (Bencze & Hodson, 1999; Davis et al., 2011; Gilbert, 2004), logistical 

constraints like time and resources, lack of support from the administrative community 

(Bencze & Hodson, 1999; Chinn & Malhotra, 2002; Stuckey et al., 2013), as well as the 

pressures of high-stakes accountability (Buxton, 2006; Gilbert, 2004). As such, teachers 

will need support in overcoming these challenges in order to implement science in ways 

that are more reflective of authentic science.  

 While NGSS-aligned curricular materials offer one route to support 

implementation of scientific practices, teachers’ ideas about science influence their 

planning process and how those plans are enacted in their classrooms (Bismack et al., 

2014). Additional research with preservice teachers demonstrate that not only were 

preservice teachers’ ideas about science practices underdeveloped, but they did not 

demonstrate a strong understanding of why students should engage in each of the 

scientific practices (Bismack et al., 2017). Thus, if teachers hold inaccurate views of 

science and do not understand the pedagogical rationale for inclusion of the NGSS SEPs, 

they may still implement curricula that emphasize scientific practices in ways that are 

inauthentic to how science is practiced. The emphasis on the scientific method, which 

perpetuates an illusion of a single process through which all science is conducted, serves 
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as an example of how the intent of reform can be transformed when introducing practices 

into the classroom (Windschitl et al., 2008). Additionally, teachers are traditionally 

viewed as the “sole instructional, knowledge, and practice authority – the only epistemic 

agent in a classroom” (Stroupe, 2014, p. 488) and thus, critical in shaping the way reform 

is translated in the classroom. Teachers’ enactment of reform, such as the scientific 

method, demonstrates the importance of understanding teachers’ ideas about the SEPs in 

transforming school science so that is more closely resembles authentic science and 

allows for students as epistemic agents.  

 Elementary teachers’ ideas about the SEPs remain largely unknown; however, 

some research is beginning to explore teachers’ ideas about scientific practices. While 

Bismack and colleagues (2017) found that novice elementary teachers’ ideas about the 

practices were underdeveloped, Kang and colleagues (2018) found that elementary 

teachers had more developed ideas about some practices over others. For example, on a 

novice-expert scale, most teachers’ examples of how they would engage their students in 

each practice were scored as ‘competent’ on the scales of Pedagogical Content 

Knowledge (PCK) assessed; however, teachers scored highest on the practice, Asking 

Questions and Defining Problems, and lowest on Obtaining, Evaluating, and 

Communicating Information. Thus, while the practices offer a means through which to 

better understand and engage in the practices of science, elementary teachers’ ideas about 

these practices need to be examined to ensure an accurate representation of the practices 

in the classroom.  
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Research Approach Synopsis 

 Additional research is needed to characterize how teachers understand the NGSS 

SEPs and how they conceptualize instruction that incorporates science practices within 

that vision. Whether teachers can design and implement instruction that engages students 

in scientific practices in ways that more closely resemble how scientists do depends on 

teachers’ understanding of these practices. Furthermore, whether teachers can shift 

epistemic agency from themselves to their students depends on how teachers interpret the 

SEPs and their ability to engage students in epistemologically authentic science. This 

qualitative study was conducted to examine elementary teachers’ ideas about the NGSS 

SEPs and their plans for the inclusion of these practices in their classrooms.   

 Phenomenological research was conducted to understand the essences of teachers’ 

ideas about scientific practices. Accordingly, this study proposed to answer the question, 

how do elementary teachers conceptualize the NGSS scientific practices? and more 

specifically: 

1. What science practices are included in teachers’ plans for science instruction, 

following a professional development in which they engaged in curriculum 

designed around the NGSS, and to what extent are those reflective of authentic 

science? 

2. How do teachers conceptualize scientific practice in their classrooms in terms of 

activity and underlying epistemology? 

This study is unique in that it addresses a gap in the research related to how their views 

inform the selection of practices for use in the classroom and the extent to which those 

are reflective of the NGSS SEPs; as well as how those views are articulated in relation to 
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student activity, or engagement in the practices and the underlying epistemology of those 

activities. 

Theoretical/Conceptual Framework 

 Science epistemologies are described by Sandoval (2005) as the descriptions of 

the nature of scientific knowledge. Sandoval (2005) further differentiates between two 

epistemologies – practical epistemologies are described as ones understanding of 

knowledge production in school, whereas formal epistemologies are described as ones 

understanding of how scientific knowledge is generated in professional, or formal 

science. He offers the differences between the two as an explanation for the difference in 

how school science and professional science are conducted. Understanding students’ 

scientific epistemologies are described as being important for two reasons: (1) an 

understanding of epistemic underpinnings of inquiry will help students do it better; and 

(2) contemporary societies will require citizens to understand the nature of scientific 

knowledge and practice in order to participate effectively in policy decisions, and to 

interpret the meaning of new scientific claims as they encounter them in their lives 

(Sandoval, 2005). Applying this to teachers, understanding teachers’ epistemologies will 

help teachers implement the practices in more epistemologically authentic ways, and 

prepare them to critically participate in conversations concerning scientific knowledge as 

they encounter it in their lives outside of the classroom. 

 Sandoval (2005) raised three concerns related to students’ science epistemologies: 

(1) the nature of epistemological conceptions, fragmented beliefs or coherent frameworks 

remains unclear; (2) the specific epistemological beliefs that guide students’ practices are 

largely unknown; and (3) the relation of practical epistemologies and students’ expressed 
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formal epistemologies are not well articulated. Again, relating this to teachers, this study 

proposed to address these three concerns. Examining what practices teachers include in 

their plans for instruction, and the extent to which those are reflective of science, as well 

as how teachers’ conceptualize science practices in terms of the activity and underlying 

epistemology illuminates the nature of teachers’ epistemological conceptions, how those 

guide their practices, and the relationship between their practical and formal 

epistemologies. This closer examination of teachers’ ideas about the SEPs, and more 

specifically their epistemic ideas about the practices of science, reveal the ways in which 

teachers’ understandings and instructional practices differ from those of scientists. Thus, 

a better understanding of teachers’ epistemologies as they relate to the SEPs provide 

insights into how we as researchers and teacher educators can support teachers as they 

plan for the inclusion of these practices in their classrooms.  

Main Results Synopsis 

 Chapter 3. Existing teacher data was analyzed to determine what practices are 

included in teachers’ plans for science instruction, and to what extent those are reflective 

of authentic science. Teachers’ Lesson Plan Tasks were examined to identify the SEPs 

included in teachers’ lesson plans. Following the identification of science practices in 

teachers’ lesson plans, teachers descriptions of student engagement in these practices 

were compared to the student expectations included in the NGSS Appendix F. The NGSS 

descriptors were used to determine to what extent teachers’ plans for instruction aligned 

with the intent of the NGSS and more authentic science practices.  

Analysis revealed that while teachers included all eight practices in their lesson 

plans, certain practices were better represented than others. Planning and Carrying Out 
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Investigations was the practice most frequently identified in teachers’ lesson plans, while 

evidence of the practice Engaging in Argument from Evidence was seldom identified in 

teachers’ lesson plans. As previously stated, teachers were asked to submit lessons that 

typified their science instruction; however, they were also encouraged to submit lesson 

plans on the small particle model. Thus, certain practices, such as Developing and Using 

Models, might have been deemed more appropriate for this particular content. 

Additionally, within each practice, certain NGSS descriptors were attended to more 

frequently than others. For example, while evidence of the practice Developing and 

Using Models was frequently identified in teachers’ lesson plans, teachers almost 

exclusively engaged their students in developing a model without the opportunity to 

identify the limitations of their models.  

Although evidence of the practices were apparent in all teachers’ lesson plans, 

there was little mention of explicit instruction around the practices. That is, teachers’ 

lesson plans indicated an implicit engagement in the practices, as opposed to including 

specific instances in which teachers would teach students about the practices. 

Furthermore, although the NGSS describes students capabilities for each practice in 

which students are responsible for constructing knowledge through engagement in the 

practices, teachers’ lesson plans indicated a more teacher-directed approach to engaging 

students in the practices.  

 Chapter 4. The pre-interview task and semi-structured, follow-up interview were 

analyzed to determine how teachers conceptualize scientific practices and specifically, 

Developing and Using Models, in their classrooms in relation to the nature of student 

activity and the underlying epistemology. A purposeful sample of teachers were selected 
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to complete a pre-interview task in which teachers chose one instructional priority related 

to the practices popular in teachers’ lesson plans, and participated in a semi-structured, 

follow-up interview designed to further probe teachers’ ideas about the practices included 

in their lesson plans. Following a close reading of all pre-interview tasks and interview 

transcripts, segments of the data related to student engagement in the practice Developing 

and Using Models, and the underlying epistemology of activities in which students were 

engaged were identified. Throughout the analysis, these segments or ‘meaning units’ 

were further differentiated in order to generate patterns found across teachers. Several 

assertions were made following a reflection on the themes generated.   

Teacher data related to the practice, Developing and Using Models, indicates that 

teachers are engaging their students in various aspects of the practice; however, explicit 

instruction on the practice was reserved for discussions about what constitutes a model. 

Though students implicitly engaged in other aspects of modeling, such as using models to 

make predictions, and revising models based on new results, these components were not 

included in explicit discussions about the practice.  

As it relates to the underlying epistemology of these activities, teachers used 

models and modeling primarily for the purpose of assessing student learning, and while 

they understand that models are testable, and revisable, they emphasized the use of 

models as a means of understanding student thinking. Interestingly, teachers also 

emphasized the use of models for making sense of phenomena encountered in their daily 

lives such as seeing “dust” shining through windows. That is, models were used to learn 

content, but also to make sense of phenomena outside of the classroom.   
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 Chapter 5. Teachers’ pre-interview tasks and semi-structured, follow-up 

interview transcripts were analyzed to explore how teachers conceptualize scientific 

practice in their classrooms, in terms of the nature of student activity and underlying 

epistemology. Segments of the data pertaining to the activity of students and the 

underlying epistemology were identified across all pre-interview tasks and interview 

transcripts. These segments were further differentiated to generate themes across teachers 

and across the practices. Assertions were made following a closer examination of themes.  

While teacher data indicated that students were engaged in a variety of practices, 

analysis suggests a focus on more teacher-driven and/or structured approaches to 

engaging students in the practices. Although teachers acknowledged ways they might 

transform activities to be more student centered (e.g. students could plan their own 

investigations), they also cited numerous barriers to implementing the practices in more 

authentic ways (e.g. not enough time to allow them to plan their own investigations). 

Students’ abilities and the role of the teacher were also cited as challenges in 

implementing more authentic science practices. Additionally, teachers employed both 

explicit and instruction of the practices – typically, implicit engagement in the practices 

was preceded or followed by explicit instruction around a particular component 

encountered during student engagement. (e.g. the need to conduct multiple trials).  

In relation to the underlying epistemology, teachers most often described 

engagement in the practices as an opportunity to assess student understanding, rather than 

as an opportunity to develop ideas about how and why scientific knowledge is 

constructed. In other words, teachers were looking for the “right” answer. Furthermore, 

there appeared to be a disconnect between teachers’ ideas about students’ role in the 
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classroom and the intent of the NGSS – that is, students were engaged in the practices as 

a means of “doing the lesson”, as opposed to engaged in the practices as a means of 

“doing science” (Jimenez-Aleixandre, 2000). Even though teachers were focused on 

whether or not students were learning the content and not on how students engagement in 

the practices were reflective of authentic science practices, teachers were able to 

articulate how what students were doing was similar and different from professional 

scientists. Yet, these similarities and differences remained superficial, and task-oriented, 

and not related to the epistemologies inherent in the activities of both.  

Synthesis and Discussion  

Research question one. Teachers’ lesson plans, questionnaires, and follow-up 

interview transcripts were analyzed to answer the question, what science practices are 

included in teachers’ plans for science instruction, following a professional development 

in which they engaged in curriculum designed around the NGSS, and to what extent are 

those reflective of authentic science? 

Findings from this study suggests that while there is representation of all eight 

practices across teachers’ lesson plans; several practices are more prevalent than others. 

Similarly, teachers appear to attend to certain NGSS descriptors within each practice (e.g. 

develop models to describe phenomena). As a result, students have many opportunities to 

engage in particular aspects of the practice, but do not have the opportunity to explore all 

facets of the practices. It is, however, important to note that only one lesson plan 

submission was required for completion of the professional development in which 

teachers participated in and thus, only one lesson plan per teacher was available for 

analysis in this study. Furthermore, the lesson plan submission requested teachers upload 
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a lesson plan that focused on the small particle model. As a result of completing a model-

based lesson, teachers frequently included the practice, Developing and Using Models, in 

their lesson plans. While the inclusion of this practice may not be typical of all teachers’ 

lesson plans, it provided a unique opportunity to understand teachers’ ideas about this 

practice. This is especially important given the difficulties teachers have planning for the 

enactment of this practices in the classroom (Kang et al., 2018). Due to the nature of the 

lesson submission task, analysis of data focused on how teachers were planning on 

engaging their students in the practices included.  

 The NGSS SEPs were designed to engage students in science in ways that more 

closely resembled the work of scientists (NGSS Lead States, 2013). This differs from 

predecessors like the scientific method in that “scientific practice is not based on rules, 

but on processes or perpetual evaluation and critique that support progress in explaining 

nature” (Ford, 2015, p. 1043). Rather than include a list of steps or rules for students to 

follow, Appendix F of the NGSS included descriptors for each practice that describes 

what students should accomplish be the end of each grade band. Engaging in the 

practices in ways that match the intent of the NGSS descriptors requires students to take 

on the role of epistemic agents, or individuals responsible for shaping the knowledge and 

practice of a community (Stroupe, 2014). Thus, to meet these student expectations, 

students need to engage in these practices in more student centered ways. However, 

analysis from this study suggests that while teachers’ Lesson Plan Tasks include evidence 

of student engagement in the practices, they appear to be included in more teacher 

directed ways. Furthermore, as previously mentioned, only certain descriptors included in 

Appendix F of the NGSS descriptors are evident in teachers’ lesson plans, and some are 
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only given partial attention. That is, students are experiencing particular aspects of the 

practices selected by teachers and as such, are not engaging in the practices in ways that 

match the intent of the NGSS, as a reflection of ‘authentic’ science.  

 Research question two. Using the lens of practical and formal epistemologies 

provided an opportunity to examine how teachers’ conceptualized student engagement in 

the SEPs, as well as the epistemologies inherent in the activity of their students and the 

activity of practicing scientists. It was evident from teacher data that teachers were 

engaging their students in the practices of science; however, due to emerging ideas about 

the practices of professional sciences and/or the constraints of the classroom, teachers’ 

views of student engagement in the practices were not always reflective of authentic 

science practices as intended by the NGSS.  

Developing and using models. To answer research question two, How teachers 

conceptualize scientific practice, and specifically Developing and Using Models, in their 

classrooms in terms of the nature of student activity and underlying epistemology?, 

several teachers were chosen to participate in a pre-interview task and semi-structured, 

follow-up interview in order to probe their ideas about certain practices included in their 

lesson plans. A closer examination of Developing and Using Models was conducted due 

to the central role of models and modeling in the work of scientists (Justi & Gilbert, 

2002; Windschitl et al., 2008).  

Analysis of teacher data related to this practice revealed that students had the 

opportunity to construct and use models to describe phenomena, as well as revise 

incorrect models in their classrooms; however, it was less clear whether students had the 

opportunity to use their models to test relationships or whether they had opportunities to 
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evaluate their models or their peers’ models. Thus, while teachers engaged their students 

in aspects of the practice, students might not have had the opportunity to participate in all 

facets of the practice. Furthermore, analysis of teacher data revealed that teachers’ 

reserved explicit instruction for discussions about what a model is, and employed implicit 

instruction when engaging students in the other aspects of modeling (e.g. construction, 

use, revision, and evaluation).  

In relation to teachers’ ideas about the underlying epistemology of student 

engagement in this practice, teachers frequently spoke to the importance of models for 

representing student thinking and/or understanding. As such, models and modeling were 

a means of illustrating or communicating student understanding of a particular concept, 

and not as a sense-making tool. This confirms claims made in the literature that modeling 

is rarely incorporated in the classroom other than for illustrative or communicative 

purposes (Kenyon et al., 2011; Schwarz et al., 2009). In instances where teachers 

described modeling as a means of making sense of scientific ideas, it was included in 

discussions about the utility of models for making connections to everyday encounters in 

the real-world, as opposed to being identified as one of the major goals of scientific 

modeling. Windschitl and colleagues (2008) describe five epistemic features of scientific 

knowledge that should be reflected in classroom activities in order to accurately reflect 

scientific modeling: scientific knowledge is (1) testable; (2) revisable; (3) explanatory; 

(4) conjectural; and (5) generative. While an examination of teacher data related to this 

practice indicates that teachers understand the testable and revisable nature of scientific 

knowledge, but an understanding of the other three features (explanatory, conjectural, and 

generative) were not evident.  
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Teachers’ practical and formal epistemologies offer a lens through which to 

examine teachers’ ideas about the practices, as well an explanation for why student 

engagement in the practices in not always reflective of authentic science practices. 

Examining teachers’ ideas about modeling through the lens of practical and formal 

epistemologies reveals a distinction between teachers’ understandings of knowledge 

production in schools and in professional science. For instance, teachers’ emphasis on 

teacher directed approaches to engage students in this practice, as well as the use of 

models and modeling for understanding students’ thinking suggests that teachers believe 

students should build an accurate understanding of a particular concept in the classroom. 

While teachers frequently identified how students practices are similar to those of 

scientists (e.g. scientists use models to represent their findings and/or understandings, 

scientists test and revise their models, models do not always work the first time, and 

things can be learned from errors in models), they were not able to identify as many 

differences. In cases where teachers identified the differences between the practices of 

students and of scientists, they indicated that the complexity of their students’ models was 

different because they were elementary students rather than viewing models as learning 

tools regardless of whether a scientist or student is using it. Thus, teachers’ formal 

epistemologies related to models and modeling appeared to be limited. As a result of this 

gap between teachers’ ideas about knowledge production in school and the knowledge 

production in professional science, teachers engaged their students in the practice, 

Developing and Using Models, in ways that were only partially representative of this 

practice.  
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 Across all practices. Similar findings were found across the other practices 

probed in teachers’ pre-interview tasks and follow-up interviews. As with the practice, 

Developing and Using Models, evidence of the activity students engaged in, as well as 

the underlying epistemology were identified and coded throughout teacher data. These 

segments of data were further differentiated to generate themes. Once themes were 

identified, assertions related to student engagement in the practices and the underlying 

epistemology were generated. 

Although the NGSS outlines multiple capabilities students should demonstrate by 

the end of each grade band for each of the practices, most of which include a more 

student directed approach to engaging in the practices, data from this study suggests that 

teachers are still employing more structured approaches and act as the primary epistemic 

agent in the classroom. That is, teachers are responsible for the knowledge shaped within 

the classroom community. Teachers cited several barriers to implementing the practices 

in ways that allowed for less structured instructional approaches including students’ 

ability to engage in the practices, the role of the teacher as someone who has curriculum 

and standards to ‘get through’, and realities of the elementary classroom such as 

resources and time. Furthermore, as with Developing and Using Models, teachers 

employed both implicit and explicit instruction around the practices. Although students 

were implicitly engaged in numerous facets of the practices, explicit instruction occurred 

either prior or following an activity and often when a ‘moment’ arose in the classroom 

(e.g. when a piece of student data was significantly different than the others, teachers 

talked about the importance of conducting a test more than once). 
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  Recent literature identifies more epistemically authentic ways of addressing the 

‘problems of practice’ inherent in traditional science instruction (McNeill & Berland, 

2017). McNeill and Berland (2017) offer several design heuristics that may support 

science classrooms in ensuring student use of ‘scientific evidence’ in ways that align with 

authentic science practices. We know from the literature that school science does not 

resemble science as it is practiced in the field. More specifically, McNeill and Berland 

(2017) lay out three problems of practice in traditional science classrooms: (1) science as 

final form ideas; (2) data as the answer; and (3) isolated individuals and ideas. Though 

the SEPs have been offered as means of implementing more authentic science practices in 

the classroom, teacher data from this study indicates that teachers still have ideas that 

more closely align with the problems associated with traditional instruction. For example, 

although teachers cited a number of reasons for engaging in the practices, teachers 

consistently emphasized the utility of the practices in assessing student learning and/or 

understanding of particular science concepts. In other words, teachers appear to focus on 

one “right” answer, rather than prioritizing an exploration of ideas and the process 

through which those ideas are constructed. Additionally, teacher data from this study 

indicates that even in instances where students were engaged in the process of sense-

making for the purpose of explaining phenomena, discussions about how students’ 

actions reflected the work of scientists were not the focus. Rather, students were making 

sense of phenomena to develop a particular understanding of the content. This contradicts 

the way students should be sense-making – as described by McNeill and Berland (2017), 

“students engage in sense-making not by constructing knowledge individually, or by 
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memorizing the ideas of other but through a process of social knowledge building in why 

they argue about and for their ideas” (p. 676). 

 Teachers’ practical and formal epistemologies about science practices were made 

salient in their discussions about how what students were doing resembled the work of 

scientists, and in responses to how they might change their lesson to better reflect science 

practices. Although teachers were able to identify the similarities and differences between 

the work of their students and the work of scientists, the resemblances and differences 

remained superficial. More specifically, they focused on the tasks or actions of their 

students and scientists, as opposed to epistemic considerations of the practices. It is 

evident that there is a gap between teachers’ practical epistemologies and their formal 

epistemologies. Teachers were quick to identify similarities between the work of their 

students and that of scientists, yet were only able to articulate superficial differences 

between the two. Moreover, due to teachers’ ideas about their role in the classroom and 

the ‘realities of fifth grade science’, implementation of the practices remained more 

teacher directed and less like the practices of scientists.  

Overall Implications and Future Work 

 The findings from this study provide insights regarding elementary teachers’ 

inclusion of scientific practices in their lesson plans, as well as teachers’ ideas about 

scientific knowledge and its production related to professional science and related to 

school science, the differences of which have implications for science in the elementary 

classroom and can inform both research and practice.  

 Future research. Continued research is needed in order to understand teachers’ 

ideas about all eight SEPs. Due to the evidence of practices in teachers’ lesson plans, two 
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SEPs were not included in the pre-interview task and follow-up interview. Both Asking 

Questions and Defining Problems, and Obtaining, Evaluating, and Communicating 

Information were not included as a result of the few instances in which they were 

identified in teachers’ lesson plans, as well as the lack of depth with which they were 

described in teachers’ lesson plans. As a result, future research is needed to address 

teachers’ ideas about all practices. While recent research has been conducted on teachers’ 

Pedagogical Content Knowledge (PCK) and confidence in implementing the NGSS 

SEPs, this literature is limited to teachers’ plans for enactment (Kang et al., 2018; 

Kawasaki et al., 2017), or their implementation of one particular practice (Dickes et al., 

2016; Forbes et al., 2015; Kuhn et al., 2017; Macpherson, 2016; Zangori & Forbes, 

2016). Therefore, further research is required to understand how teachers plan for the 

inclusion of the practices, how those plans are enacted, and whether those reflect the 

intent of the NGSS SEPs and resemble authentic science.  

 Teacher education. Teacher data from this study indicates that teachers need help 

understanding not only the NGSS practices, but the intent of the NGSS in order to make 

school science more reflective of authentic science. As such, teachers will need explicit 

instruction on all aspects of the practices, and how they are reflective of more authentic 

science practices. For example, recent literature also cautions researchers and teacher 

educators of the ways in which we use language included in the NGSS, and more 

specifically “scientific evidence”. McNeill and Berland (2017) “worry that the varied 

ways in which the term “evidence” is used in the field can result in it being mapped onto 

a wide range of classroom activities, many of which do not support student sense-

making” (p. 685). Thus, teachers will also need to be included in discussions about how 
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terms present in the NGSS are operationalized for authentic use in the classroom. 

Additionally, teachers will need opportunities to plan for, and ideally opportunities to 

practice, implementation of these practices in the classroom. A true implementation of the 

NGSS practices will also require a shift in epistemic agency from teachers to students. A 

change in implementation of the practices will innately result in a change in student 

engagement in the practices. Thus, teachers’ ideas about the practices not only have 

implications for teacher education, but also for student learning and their role as 

epistemic agents in the classroom.  

Curriculum needs to account for teacher understanding of practices. In 

addition to the implications for teacher education, this study demonstrates a need for 

curriculum developers to be aware of teachers’ ideas about current reform efforts. As was 

the case in Bismack and colleagues (2014) exploration of teachers’ use of the NGSS 

SEPs, the findings from this study indicate that while teachers are implementing the 

practices in their classrooms, it is not always in ways that reflect the intent of the NGSS. 

Thus, if curriculum developers are planning for the inclusion of the practices, supports 

will need to be included to ensure that the practices are enacted in ways that match the 

intent of reform and resemble the practices of scientists.  

Conclusion 

 With the inclusion of SEPs in reform documents like the Framework and the 

NGSS, these practices are sure to make their way into classrooms; however, whether they 

will be implemented in ways that reflect the intent of the NGSS and professional science 

depends on how teachers engage their students in these practices. In particular, 

elementary teachers “must be knowledgeable and confident in how to support students in 
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enacting SEPs to lay a strong foundation for young children to think and act 

scientifically” (Kang et al., 2018, p. 2). This study demonstrates the importance of 

understanding teachers’ ideas about the practices in order to engage their students in ways 

that support scientific thinking. Findings from this study indicates that there is still a gap 

between the way scientific practices are planned for in elementary teachers’ classrooms, 

and in the way scientists carry out these practices, even after a professional development 

in which teachers experienced curriculum written around the NGSS. Thus, students are 

missing opportunities to experience an authentic representation of science as it is 

practiced in the field. Teachers repeatedly cited constraints of the classroom such as 

covering the standards and limited time as barriers to implementing science practices and 

while these are certainly valid constraints, teachers need support in overcoming them so 

that students are able to engage in the practices in ways that allow them to think 

scientifically. 
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Appendix A: Pre-Interview Task Instructions 

 

Pre-Interview Task Instructions:  

Thank you for agreeing to take part in our study!  Before we conduct our interview, we’d 

like you to take some time to think about your teaching practices and the way your 

students engage in science, as these will form the basis for our upcoming interview 

discussion. We are particularly interested in how your students engage in various 

scientific practices, such as developing and using models, planning and conducting 

investigations, and engaging in argument from evidence.  

 

This pre-interview exercise serves several related purposes. First, it will help you to 

organize your thoughts about how you teach each topic prior to our discussion. Second, it 

will give us a foundation on which to build our discussion during the interview. Third, it 

will also potentially provide our research team some further insight into your teaching 

practices that we might not be able to elicit in an interview alone.   

 

Part 1: You are asked to select a lesson that represents how you teach science. To make it 

easier for you, you can use the lesson you submitted at the end of your participation in the 

QuEST professional development program. This lesson will be referenced during the 

interview. 

 

Part 2: Below I have provided a list of statements of instructional priorities related to 

different scientific practices. I ask that you consider each statement and the relative 
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importance of these in your teaching of science. Please indicate which is most important 

to you and why. 

 

Developing and Using Models 

Students developing a scientifically accurate understanding/model 

Students developing a model that is congruent with the evidence 

Students developing a model that that is personally meaningful 

Planning and conducting investigations 

Students obtaining the intended results for an investigation  

Students being able to explain the results of an investigation 

Students following procedures for the investigation precisely 

Analyzing and interpreting data 

Students accounting for anomalous or unexpected data 

Students being able to display data in graphs, figures, or charts accurately 

Students being able to consider multiple interpretations of the data 

Engaging in argument from evidence 

Students being able to support their claims with evidence 

Students judging whether they have enough evidence to make a claim 

Constructing explanations and designing solutions 

Students constructing a scientifically accurate explanation   

Students determining whether their explanations are generalizable 

Students using evidence (e.g. measurements, observations, patterns) to construct 

or support an explanation  
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Using mathematics and computational thinking  

Students making accurate measurements with tools provided 

Students determining which tools are appropriate to describe, measure, estimate 

and/or graph  

Students organizing data to reveal patterns  
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Appendix B: Semi-Structured, Follow-Up Interview Protocol 

SEMI-STRUCTURED INTERVIEW PROTOCOL 

 

For recording purposes: This is Kelsey Lipsitz interviewing Interviewee on date. This is the follow-up interview based on a lesson 

plan submitted after completion of the QuEST program. 

 

FYI: Always have a backup recording device, turn both on before you begin. 

 

To the interviewee: Thank you for meeting with me today. The purpose of this interview is to follow-up on the pre-interview task you 

completed prior to this interview to better understand how you plan to utilize science practices in your classroom. Do you have a copy 

of the lesson plan to reference? The interview should take approximately 45 minutes to an hour. If there are any questions that don’t 

make sense or if you have any questions, please feel free to tell me. Do you have any questions for me before we begin? Do I have 

your permission to record the interview? 

 

Note: Questions will be asked only if the teachers’ pre-interview lesson plan/task reflects utilization of the listed scientific practice.  
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SCIENTIFIC 

PRACTICE 

FOLLOW-UP INTERVIEW QUESTIONS 

 

Developing and using 

models  
 Tell me how students developed their models. How is what students are doing to develop and use 

their models like what scientists do and how is it different? 

o You mention [excerpt related to developing and using models] in your lesson. Tell me more 

about that process. 

 How do other activities in this unit contribute to this model? 

o I noticed you focus on [concepts and representations] in your lesson. How do students 

make connections between these concepts and representations? What if you were to use 

only one? 

 How does their model help students make connections across scientific phenomena? 

 Suppose students developed a model that was incorrect. How would you handle that? 

 What if a student were to say their model is “finished?” How would you respond to that?  

 You indicated that [pre-interview task choice] was most important to you and that [excerpt from 

why it was most important]. How is that reflected in your lesson plan? 

Planning and carrying 

out investigations 
 Tell me how students plan and carry out their investigations. How is what students are doing as 

they plan and carry out their investigations like what scientists do and how is it different? 

o I noticed you [excerpt related to planning and carrying out investigations]. Tell me more 

about that process.  

 How do students make connections between this investigation and other scientific phenomena?  

 Suppose students wanted to access different data or tools for data collecting in order to conduct 

their investigation. How would you handle that? 

 What if a student were to get a result other than the anticipated outcome? How would you respond 

to that? 

 You indicated that [pre-interview task choice] was most important to you and that [excerpt from 

why it was most important]. How is that reflected in your lesson plan? 

Analyzing and 

interpreting data 
 Tell me how students analyze and interpret their data. How is what students are doing as they 

analyze and interpret their data like what scientists do and how is it different? 
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o I noticed you [excerpt related to analyzing and interpreting data]. Tell me more about that 

process.  

 How do students make connections between their analysis and scientific ideas?  

 Suppose students wanted to use another method to analyze their data. How would you handle that? 

 What if students were to interpret the data in ways that were not scientifically accurate? How 

would you respond to that? 

 You indicated that [pre-interview task choice] was most important to you and that [excerpt from 

why it was most important]. How is that reflected in your lesson plan? 

Engaging in argument 

from evidence 
 Tell me how students engage in argumentation. How is what students are doing as they argue from 

evidence like what scientists do and how is it different? 

o I noticed you [excerpt related to argumentation]. Tell me more about that process.  

 How do students make connections between their evidence and explanations?  

 Suppose students ignored some evidence in their arguments. How would you handle that? 

 What if students were to interpret the same data in different ways and develop opposing 

arguments? How would you respond to that? 

 You indicated that [pre-interview task choice] was most important to you and that [excerpt from 

why it was most important]. How is that reflected in your lesson plan? 

Constructing 

explanations and 

designing solutions 

 Tell me how students construct explanations. How is what students are doing as they construct 

explanations like what scientists do and how is it different? 

o I noticed you [excerpt related to constructing explanations]. Tell me more about that 

process. 

 What makes a good explanation? How do you help students understand that (e.g. anchor charts)? 

 What if students were to construct explanations that were not scientifically accurate? How would 

you respond to that? 

 You indicated that [pre-interview task choice] was most important to you and that [excerpt from 

why it was most important]. How is that reflected in your lesson plan? 

Using mathematics and 

computational thinking 
 Tell me how students use mathematics and computational thinking. How is what students are doing 

as they use mathematics like what scientists do and how is it different? 

o I noticed you [excerpt related to constructing explanations]. Tell me more about that 

process. 



 

 

 

1
9
8

 

 How do students make connections between measurements and scientific ideas? 

 Suppose students wanted to use different tools to describe, measure, estimate and/or graph data? 

How would you handle that? 

 What if students were to organize data in a way that reveal patterns that suggest relationships that 

are not scientifically accurate? How would you respond to that? 

 You indicated that [pre-interview task choice] was most important to you and that [excerpt from 

why it was most important]. How is that reflected in your lesson plan? 

PRACTICAL AND 

FORMAL 

EPISTEMOLOGIES 

 How is this activity reflective of how scientists go about their work? How is it different? 

 Could you make this activity more like what scientists do? Why or why not? How? 

  

PRE-INTERVIEW TASK FOLLOW-UP QUESTIONS (PRACTICES NOT IN LESSON PLANS) 

 You indicated that [one of the options from the pre-interview task] is the most important.] Tell me more about why you think 

this is important. 

o How is this reflected in the lesson you shared? 
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Appendix C: Comparison of NGSS descriptors for Planning and Carrying Out Investigations and evidence 

from teachers' Lesson Plan Tasks 

NGSS Descriptor  Evidence from teachers’ Lesson Plan Task  

Plan and conduct an investigation 

collaboratively to produce data to serve 

as the basis for evidence, using fair tests 

in which variables are controlled and the 

number of trials considered. 

 

(Lesson) Conduct an investigation as a group to gather evidence to support the claim that 

salt still exists after it is dissolved in water. (Teacher 335) 

(CoRe) Having them dissolve the salt and then putting the salt water onto black paper 

helped them see that the miniscule grains of salt were still present (Teacher 335) 

(Interview) “want the students to discover things on their own and you’re not just telling 

them the answer” [line 44] (Teacher 322) 

(Lesson) 3-5-ETS1-3: Plan and carry out fair tests in which variables are controlled and 

failure point are considered (Teacher 320) 

(Lesson) 5-PS1-4. Conduct an investigation to determine whether the mixing of two or 

more substances result in a new substance. (Teacher 320) 

(Lesson) Students will explore five different stations to answer the following questions 

using light, air, water, stone, and sand. (Teacher 321) 

(Lesson/CoRe) Students will be responsible for designing and conducting an 

investigation dealing with gaseous particles. (Teacher 301) 

(Lesson) Explain they will be developing experiments in order to crack the case of 

“Mystery Matter” (Teacher 301) 

(Lesson) 5-PS1-B-1. Plan and conduct investigations to separate the components of a 

mixture/solution by their physical properties (Teacher 310) 

(Lesson) “Explore” The students will separate iron particles out of iron enriched dry 

cereal mixed with water (experiment steps included) (Teacher 310) 

(Interview) I wanted them to conduct an investigation…they were the investigators, they 

were the scientists (Teacher 310) 

(Lesson) In this activity, we’ll examine how temperature affects the volume of a gas. 

Your group will need to use the work area set up by your teacher for this activity. 

(Teacher 333) 
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NGSS Descriptor  Evidence from teachers’ Lesson Plan Task  

(Lesson) Write the steps for how your group can recreate the same effect. As a class, we 

will follow your steps to recreate the balloon inside the bottle. (Teacher 333) 

(Lesson) “Explore” Students will take their Materials and their Properties Testing Sheet 

and use all the materials in their tub to discover what properties each of the materials 

have. For example, they will work individually and with their group to see if light has 

mass. (Teacher 316) 

(Interview) science and being scientists is not necessarily something you do by yourself 

because we all have to feed off of each other (Teacher 319) 

Evaluate appropriate methods and/or 

tools for collecting data. 

 

(Lesson) “Essential Questions” What are some different types of investigations? What do 

scientist use when doing an experiment? What are the parts of the scientific method? 

What are three ways scientists investigate? (Teacher 301) 

(Lesson) The students are given the job of trying to separate the above mixtures and 

solutions with a variety of tools. (Teacher 310) 

(Lesson) Students are given a tub of materials to explore with multiple tools to help 

separate materials. (Teacher 326) 

(Lesson) Students are given a mystery bag that has iron filings, sand, salt, and rocks to 

separate based on the physical properties. Tools are available for them to choose from to 

use. (Teacher 326) 

(Lesson) Match a tool to the item that it separates from the mixture on each google slide. 

(Teacher 326) 

Make observations and/or 

measurements to produce data to serve 

as the basis for evidence for an 

explanation of a phenomenon or test a 

design solution. 

 

(Lesson) Conduct an investigation as a group to gather evidence to support the claim that 

salt still exists after it is dissolved in water. (Teacher 335) 

(Lesson) Place these cups on top of a white piece of paper so you can easily observe 

from above. WATCH CLOSELY as you sprinkle a pinch of colored salt into each cup and 

observe. (Teacher 335) 

(Lesson) Identify aspects of a model or prototype that can be improved (Teacher 320) 

(Lesson) 5-PS1-3. Make observations, and measurements to identify materials based on 

their properties. (Teacher 320) 

(Lesson) Test salt, sugar, baking soda, cornstarch, iron shavings, and Plaster of Paris with 

magnets, heat, water, vinegar, and iodine. Chart results. (Teacher 324) 
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NGSS Descriptor  Evidence from teachers’ Lesson Plan Task  

(Lesson) Complete experiment to create balloon in a bottle. What happened when you 

placed the bottle in a hot tub of water? (Teacher 325) 

(Lesson) Put a balloon on a bottle and place in hot water for a few minutes. Observe. 

Take the bottle and place in cold water for a few minutes. Observe. Answer the questions 

about the number of particles before/after placing them in the buckets of water as a 

group. (Teacher 330) 

(Lesson) “Extending your thinking” In the last activity, we changed the volume of a gas 

by compressing it manually. In this activity, we’ll examine how temperature affects the 

volume of a gas. (Teacher 333) 

(Lesson) For example, they will work individually and with their group to see if light has 

mass. (Teacher 316) 

(Lesson) Students will go to various stations to observe different items in a mystery bag 

and fill out the chart in their science notebook describing the items using hardness, and 

texture. (Teacher 318) 

(Lesson) Students will observe a PEEP as it is heated and taken out of a microwave. 

Students will record their observations in their notebook. (Teacher 319) 

(Interview) we tested out the properties of matter so like reflectivity and um hardness and 

we did that with rocks, we looked at sand as a mixture and so we had magnifying glasses 

and they really kind of looked at sand and soil because we did all this in out outdoor 

classroom [line 32] (Teacher 336) 

Make predictions about what would 

happen if a variable changes. 

 

(Interview) “made predictions on what we thought would happen” [line 224] (Teacher 

322) 

(Interview) …make the prediction what they’re going to predict between the two 

different cereals. They looked at them, you know what was the difference between them, 

and if they think anything different was going to come out of it [line 89] (Teacher 310) 

(Lesson) Make predictions about what will happen to the air and then measure. (Teacher 

330) 

(Lesson) Ivory soap demonstration and predictions (Teacher 322) 

(CoRe) They made predictions and by “doing” it they realized different ways that the 

volume was impacted. (Teacher 333) 
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NGSS Descriptor  Evidence from teachers’ Lesson Plan Task  

(CoRe) I asked the students to predict what would happen when we did the 

balloon/yardstick experiment the second time. The majority of students predicted the 

balloons with air still in them would move downward, signifying that they had more 

mass. (Teacher 333) 
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Appendix D: Comparison of NGSS descriptors for Developing and Using Models and evidence from 

teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Identify limitations of models. (Interview) “Discovery has a lot of good explorations for their computer models so they can go 

through some of the experiments to try and fill in some of the gaps that they still have and those 

sometimes help with that” [line 314] (Teacher 315) 

Collaboratively develop and/or 

revise a model based on evidence 

that shows the relationships 

among variables for frequent and 

regular occurring events.  

Students will develop their own models to describe phenomena. They will build and revise 

simple models and use them to represent events and design solutions. (Teacher 301) 

Students will build and revise a model to describe phenomena concerning matter in its particle 

form with a focus on matter in the gas state. (Teacher 301) 

(Lesson) “Explaining with evidence” Create an annotated drawing to explain what you think 

that the gas particles look like in the syringe before (compressed) and after you compressed the 

syringe. (Teacher 333) 

Develop a model using an 

analogy, example, or abstract 

representation to describe a 

scientific principle or design 

solution. 

(Lesson/CoRe) 5-PS1-1. Develop a model to describe that matter is made of particles too small 

to be seen; how does our model help explain mass and volume?; a mental model with previous 

knowledge to make an inference→if each sphere/rod was broken in half, would you get the 

same results? (Teacher 322) 

(Interview) “the lesson was very hands on and they are exploring it but now are they able to 

collect those ideas and begin to develop a model that makes sense to them” [line 114] (Teacher 

322) 

(Lesson) 5-PS1-1. Develop a model to describe that matter is made of particles too small to be 

seen. (Teacher 320, 321, 301, 325, 332, 315) 

(Lesson) Students will focus on a model that shows that gases are made from matter particles 

that are too small to see. (Teacher 301) 

(Lesson) Pose the questions to students- How could you lift this book above the desk? Supply 

baggies and books- ask students to make observations as to what is holding up the book…How 

could you develop this model (cushion of air) and engineer it into a useable product? (Teacher 

301) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) Draw what the particles look like before and after compressing; annotate a picture; 

visualizing/computer models to prove that no particles are lost or gained. (Teacher 330) 

(Lesson) Draw what the particles look like at room temperature, hot, and cold. (Teacher 330) 

(Lesson) Students will draw a model of atoms in a solid, liquid, and gas and discuss the 

differences. (Teacher 313) 

(CoRe) I expected students to know that air takes up space and has mass and to show that 

through an annotated model in addition to give examples for how it was “proven” through 

experiments in the classroom or their lives. (Teacher 333) 

Develop and/or use models to 

describe and predict phenomena. 

(Lesson/CoRe) 5-PS1-1. Develop a model to describe that matter is made of particles too small 

to be seen; how does our model help explain mass and volume?; a mental model with previous 

knowledge to make an inference→if each sphere/rod was broken in half, would you get the 

same results? (Teacher 322) 

(Lesson) Students will build and revise a model to describe phenomena concerning matter in its 

particle form with a focus on matter in the gas state. (Teacher 301) 

(Lesson) Illustrate how you think this happened. Then test your ideas. (Teacher 325) 

(Lesson) Once the students are finished, they will create a model of mixtures and solutions 

using poster board. (Teacher 310) 

(Lesson) Students draw/write what happened to the particles in syringe on a poster; What is 

happening to the particles?; Why did you draw it that way?; How many particles are inside? 

(Teacher 315) 

(Lesson) Teacher will guide students into obtaining materials of equal amounts to create their 

model of a boat that is floating on water with sand and pebbles below .(Teacher 313) 

Develop a diagram or simple 

physical prototype to convey a 

proposed object, tool, or process. 

(Lesson) Students will then design a model (drawing) that uses a gas to create an object to help 

people in their everyday life. (Teacher 301) 

(Lesson) How could you develop this model (cushion of air) and engineer it into a useable 

product? (Teacher 301) 

(Lesson) Illustrate how you think this happened. Then test your ideas. (Teacher 325) 

(Lesson) Make a sketch describing what happened to make the balloon expand in the bottle 

from the “engage” phase. (Teacher 330) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) Make an annotated drawing to show what you think happens to the gas particles inside 

the bottle when the air became warmer and cooler. (Teacher 333) 

(Lesson) Students draw/write what happened to the particles in syringe on a poster; What is 

happening to the particles?; Why did you draw it that way?; How many particles are inside? 

(Teacher 315) 
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Appendix E: Comparison of NGSS descriptors for Constructing Explanations and Designing Solutions and 

evidence from teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Construct an explanation of observed 

relationships (e.g., the distribution of 

plants in the back yard). 

(Lesson) “Explaining with evidence” What do your observations imply about particles of 

matter? Are the particles of matter (in this case, water and salt) moving? If so, how are they 

moving? (Teacher 335) 

(Lesson) What rule did you create to define matter? (Teacher 321) 

(Lesson) Does a balloon gain weight as you fill it? Have students use two methods (blow-

up using their lungs and blow-up using a pump). Weigh each method and record to see if 

there is a difference in the 2 gases. Have students form explanations based on evidence as 

to why there is a difference. (Teacher 301) 

(CoRe) I wanted students to be able to explain the relationship between temperature and 

volume. Success was based on how well they were able to explain the relationship. Some 

used words, some used diagrams, some were able to help others grasp the concepts. 

(Teacher 330) 

(CoRe) I asked the students to explain (short answer response) why the balloons responded 

the way they did in the hot water, versus the cold water. (Teacher 333) 

(Interview) being able to show with evidence that they understand those two properties…a 

successful student would be able to…in their explanations to say these are matter because 

they have mass and they have volume and then anything that doesn’t have those two 

properties is not matter [line 448] (Teacher 316) 

(Lesson) Students will write scientific explanation in science notebook – as the 

temperature rises, the particles vibrate more and move further apart causing the explosion. 

(Teacher 319) 

Use evidence (e.g., measurements, 

observations, patterns) to construct or 

support an explanation or design a 

solution to a problem. 

(Lesson) “Exploring your ideas” Justify your thinking. How do your results provide 

evidence that matter is made of particles too small to see? (Teacher 335) 

(Lesson) Read and analyze cartoonsdoes sand have mass? Explain and support thinking. 

(Teacher 322) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) Use (new/developing) understandings to describe that matter has mass, even 

though difficult to detect. (Teacher 322) 

(CoRe) Hands on activities that students can do to find evidence of their questions. 

(Teacher 320) 

(Interview) They have to be able to explain it and they can use words or pictures [line 343] 

(Teacher 310) 

(Interview) They were explaining it to their peers, I’m like well here do you see why this is 

you know this way and we had charts up around the room and it’s like they were pointing 

to the chart and were like if it’s this one and if it’s this one then it’s got to be both [line 

143] (Teacher 310) 

(CoRe) Success was based on how well they were able to explain the relationship. Some 

used words, some used diagrams, some were able to help others grasp the concepts. 

(Teacher 330) 

(Lesson) 5-PS1-2. Measure and graph quantities to provide evidence that regardless of the 

type of change that occurs when heating, cooling, or mixing substances, the total weight of 

matter is conserved. (Teacher 315) 

(Lesson) “Explain” The explain phase would dip into the explore phase during small group 

time where students are defending why they think a testing material has a certain property 

or not with their evidence in their test. (Teacher 316) 

(Lesson) “Summative Evaluation” Students will decide which side they belong on and then 

write an explanation of what classifies something as matter or not matter. (Teacher 316) 

(Interview) tell me why you got this for your answer, tell me why. You just can’t say 

because...I need them to be able to use our scientific terminology in whatever they give me 

because I won’t accept “it melted” that doesn’t tell me anything [line 309] (Teacher 319) 

(Interview) they would probably have to be able to give me some type of illustration that 

shows the physical change to be able to completely show me that they understand it and 

also be able to explain it [line 320] (Teacher 319) 

Identify the evidence that supports 

particular points in an explanation.  

(Lesson) “Exploring your ideas” Justify your thinking. How do your results provide 

evidence that matter is made of particles too small to see? (Teacher 335) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) What sort of evidence do you have to prove that light in fact does not have mass? 

(Teacher 316) 

(Interview) being able to show with evidence that they understand those two properties…a 

successful student would be able to…in their explanations to say these are matter because 

they have mass and they have volume and then anything that doesn’t have those two 

properties is not matter [line 448] (Teacher 316) 
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Appendix F: Comparison of NGSS descriptors for Obtaining, Evaluating, and Communicating Information 

and evidence from teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Read and comprehend grade-appropriate 

complex texts and/or other reliable media to 

summarize and obtain scientific and 

technical ideas and describe how they are 

supported by evidence. 

(Lesson) Use the BrainPop Website to explore the states of matter. (Teacher 301) 

(Lesson) Students will view videos on matter and mass and volume of matter. 

(Teacher 320) 

(Lesson) Materials: Non Newtonian and Oobleck video, Can you walk on water 

video (Teacher 231) 

Obtain and combine information from 

books and/or other reliable media to explain 

phenomena or solutions to a design 

problem. 

(CoRe) Chromebook access to available resources and research on the topic. 

(Teacher 330) 

(Lesson) Tell students that they will be exploring the states of matter through 

BrainPop resources. Show the States of Matter movie to the class. Project the Matter 

Sorter game (Teacher 307) 

(Lesson) Watch recycling video and explain how and why the sorting process works. 

(Teacher 326) 

(Lesson) Students will explore their own weight on different planets (using Gizmo on 

Weight and Mass) and discuss with the group. (Teacher 313) 

Communicate scientific and/or technical 

information orally and/or in written formats, 

including various forms of media as well as 

tables, diagrams, and charts. 

(CoRe) Students were able to share information about the gaseous state of matter. 

(Teacher 301) 

(Lesson) Students will create a power point, Prezi, or iMovie to show understanding 

of describing different states of matter. (Teacher 318) 

(Interview) Show me what they learned using their Chromebooks…whether that’s 

finding a picture out there somewhere on the internet that demonstrates what we’re 

talking about or writing me a paragraph, something on that Google slide that I will 

use to figure out what they learned [line 391] (Teacher 330) 

(Lesson) Match a tool to the item that it separates from the mixture on each google 

slide. (Teacher 326) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) Write the steps for how your group can recreate the same effect. As a class, 

we will follow your steps to recreate the balloon inside the bottle. (Teacher 333) 

(CoRe) They had trouble writing down their thoughts onto paper and formulating it 

in a way that was understandable to others. (Teacher 315) 
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Appendix G: Comparison of NGSS descriptors for Using Mathematics and Computational Thinking and 

evidence from teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Decide if qualitative or quantitative data 

are best to determine whether a proposed 

object or tool meets criteria for success. 

(Interview) “like the balloon, two edges of the dowel rods. I did that activity with 

them because some of them are like well but air weighs nothing because that’s how 

the scale made it look and so we did that way so that they could see that there had it 

weighed something you just can’t always measure it with the tools that you have 

available. [line 269] (Teacher 315) 

Organize simple data sets to reveal patterns 

that suggest relationships.  

(Lesson) “Explore” Obtain 1” spheres. Order the spheres from heaviest to lightest. 

Record thinking (If needed, measure each sphere in grams). Measure the mass of the 

rods using a pan balance. (Teacher 322) 

(Lesson) Are students beginning to notice patterns with mass/volume? (Teacher 322) 

(Lesson) Analyze broken pieces of chalk. Compare and order based on mass. Measure 

pieces of chalk with balance. (Teacher 322) 

(Lesson) Ask students if they have noticed any patterns on their charts. (Teacher 321) 

(Lesson) “Elaborate” Now we dive into the sheet and see what patterns do we see, 

what do we notice, what do certain materials have in common? (Teacher 316) 

(Interview) they could sort and see from the water where it was the most tiniest 

particles to the sand which was bigger particles to their cereal which was even bigger 

particles and then comparing it to the solutions of their drink…[line 68] (Teacher 336) 

(Interview) they were sorting things and we weighed things, we measured all of the 

things that we did we compared things so rocks [line 87] (Teacher 336) 

Describe, measure, estimate, and/or graph 

quantities (e.g., area, volume, weight, time) 

to address scientific and engineering 

questions and problems. 

(Lesson) “Explore” Obtain 1” spheres. Order the spheres from heaviest to lightest. 

Record thinking (If needed, measure each sphere in grams). Measure the mass of the 

rods using a pan balance. (Teacher 322) 

(Lesson) Analyze broken pieces of chalk. Compare and order based on mass. Measure 

pieces of chalk with balance. (Teacher 322) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) 5-PS1-3. Make observations, and measurements to identify materials based 

on their properties. (Teacher 320) 

(Lesson) Students will use balance scales to record the mass and volume of different 

items. (Teacher 320) 

(Lesson) Did you have objects that did not match a state of matter? What did you call 

it? (Teacher 321) 

(Lesson) Does a balloon gain weight as you fill it? Have students use two methods 

(blow-up using their lungs and blow-up using a pump). Weigh each method and 

record to see if there is a difference in the 2 gases. Have students form explanations 

based on evidence as to why there is a difference. (Teacher 301) 

(Lesson) Make observations and measurements to identify materials based on their 

properties. (Teacher 324) 

(Lesson) Record volume and mass; What did you think the mass would be after you 

compressed the air? Were you right? (Teacher 330) 

(Lesson) Students will weigh the mass of a syringe filled with air that is capped. 

Students will then compress the air and reweigh the syringe. (Teacher 315) 

(Lesson) “Math Challenge (see above)” Give teams a scale and either the ¼, 1/3, ½, or 

¾ measuring cup. Students must first figure out how many scoops they would need to 

equal two cups. Then students can come to the front table to measure their mixture. 

Then they must take it back to their seats and use the balance scale to measure the 

mass. (Teacher 336) 

(Interview)…we were measuring mass and matter and why do some cans sink and 

some cans float? Um it’s basically they’re made up of the same things and so then we 

talked about the amount of sugar in the can is what causes some cans to sink and some 

cans to float [line 68] (Teacher 336) 

(Interview) they were sorting things and we weighed things, we measured all of the 

things that we did we compared things so rocks [line 87] (Teacher 336) 

(Lesson) Log weight on digital scale every morning. Mark water level. (Teacher 313) 

(Lesson) At the end of the 2 weeks, students will create a line graph (Teacher 313) 
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Appendix H: Comparison of NGSS descriptors for Asking Questions and Defining Problems and evidence 

from teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Ask questions about what would happen if a 

variable is changed. 

(Lesson) Introduce the Jell-O activity to demonstrate chemical change. Ask 

students to identify what happens to the molecules when you add the Jell-O powder 

to the water? Where do they go? Do they disappear? (Teacher 336) 

Ask questions that can be investigated and 

predict reasonable outcomes based on patterns 

such as cause and effect relationships. 

(Lesson) Other than having students taste water that has salt dissolved in it, what 

evidence could you use to convince students that the salt still exists? (Teacher 335) 

(Lesson) How does the salt get spread out? (Teacher 335) 

(Lesson) Ask the questions can you separate a mixture? Can you separate a 

solution? (Teacher 310) 

(Lesson) Activity #4: Looking for a particular type of rock. How could I separate 

out a mixture? (Teacher 336) 

(Lesson) Activity #5: If I needed fresh drinking water, what might be a way I could 

purify it to take out the dirt/critters? (Teacher 336) 

(Lesson) Activity 1 – Does it take up space? Activity 2 – Does it have mass? 

Activity 3 – Can you push your hand or another object through it? Activity 4 – 

Does it have a definite shape? Activity 5 – Can you pour it? (Teacher 321) 

(Lesson) How do you think the inflated balloon got into the bottle? (Teacher 325) 

(Lesson) Obtain a bottle from the supply station for your group to observe. How do 

you think the inflated balloon got into the bottle? How does it stay inflated when 

the opening isn’t capped and the balloon isn’t tied? (Teacher 333) 

(Lesson) How does heat change the state of matter? (Teacher 319) 

Define a simple design problem that can be 

solved through the development of an object, 

tool, process, or system and includes several 

criteria for success and constraints on 

materials, time, or cost. 

(Lesson) “Math Challenge” You will make yourself a bag of trail mix. However, 

you want to keep your pack light so it has to weigh less than ___ grams. It can also 

be no more than 2 cups. (Teacher 336) 

(Lesson) If we were taken out into the woods and had to “survive” how could we 

use our knowledge of matter, mixtures, solutions, etc. to help us? (Teacher 336) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

(Lesson) Pose the question to students – how could you lift this book above the 

desk? (Teacher 301) 
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Appendix I: Comparison of NGSS descriptor for Analyzing and Interpreting Data and evidence from 

teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Represent data in tables and/or various 

graphical displays (bar graphs, pictographs, 

and/or pie charts) to reveal patterns that 

indicate relationships. 

(Interview) “graphed the results of what had happened with those density cubes” 

[line 76] (Teacher 322) 

(Lesson) 5-PS1-2. Measure and graph quantities that will provide evidence that 

regardless of the type of change that occurs when heating, cooling, mixing 

substances, the total weight of matter is conserved. (Teacher 320) 

(Lesson) Students will fill out a chart placing all of their information that they have 

gathered. Students will then analyze for patterns; What patterns are you noticing?; 

Which ones did you determine as matter and which ones were not?; What properties 

did the ones with matter have in common? (Teacher 321) 

(Lesson) “Elaborate” Now we dive into the sheet and see what patterns do we see, 

what do we notice, what do certain materials have in common? (Teacher 316) 

(CoRe) lesson is NOT complete if the students do not connect the chart and the 

common properties in matter materials and learn the 2 essential properties matter 

HAS to have. (Teacher 316) 

Analyze and interpret data to make sense of 

phenomena, using logical reasoning, 

mathematics, and/or computation. 

(Lesson) Analyze broken pieces of chalk. Compare and order based on mass. 

Measure pieces of chalk with balance. (Teacher 322) 

(Lesson) Students will be given a list of new substances to analyze and determine 

the properties. (Teacher 321)  

(Interview) Well because I think it’s a different way to teach science. Like in the 

past, science is this is what you’re learning so take the notes about it and you’re 

spoon feeding them facts versus more discovery learning where they’re talking 

about it and they’re trying to figure things out [line 148] (Teacher 321) 

(Lesson) “Elaborate” Now we dive into the sheet and see what patterns do we see, 

what do we notice, what do certain materials have in common? (Teacher 316) 
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NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Compare and contrast data collected by 

different groups in order to discuss 

similarities and differences in their findings. 

(Lesson) Do we agree, do we not agree, what did one group learn that maybe 

another group did not? (Teacher 316) 

(Lesson) Does the class come to a consensus or do we need to mark a few as 

disagree and think of a more concrete way to justify a property? (Teacher 316) 
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Appendix J: Comparison of NGSS descriptors for Engaging in Argument from Evidence and evidence from 

teachers' Lesson Plan Tasks 

NGSS Descriptor Evidence from teachers’ Lesson Plan Tasks 

Compare and refine 

arguments based on an 

evaluation of the evidence 

presented. 

(Interview) in the explain section, we may have to go back to the explore because in the explain 

part, some of the kids may be confidently arguing that air doesn’t have mass and then hopefully 

another kid will be able to prove to them oh like if you put air in a balloon and you put it on the 

scale it drops so like some kids may be convinced with the evidence that another kid shows or they 

may have to go back to the explore and actually pull out the tub again and explore with it some 

more to actually learn confidently that it in fact does have mass [line 55] (Teacher 316) 

Construct and/or support an 

argument with evidence, 

data, and/or a model. 

(Lesson) “Evaluating your understanding” Scenario 1: Restaurants typically add sweetener to iced 

tea or coffee before it is poured over ice. Why is this a better decision than adding sugar packets to 

iced beverages? (Teacher 335) 

(Lesson) Given a mystery substance, students will observe properties, apply their “rule” and identify 

whether it is a solid, liquid or gas; What properties does the substance have? How does your "rule" 

apply to determine if it is matter?; Explain your reasoning for classifying the new substance as you 

did. (Teacher 321) 

(Interview) in the explain section, we may have to go back to the explore because in the explain 

part, some of the kids may be confidently arguing that air doesn’t have mass and then hopefully 

another kid will be able to prove to them oh like if you put air in a balloon and you put it on the 

scale it drops so like some kids may be convinced with the evidence that another kid shows or they 

may have to go back to the explore and actually pull out the tub again and explore with it some 

more to actually learn confidently that it in fact does have mass [line 55] (Teacher 316) 
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Appendix K: Dimension of the NGSS Practices and their Variations 

Asking Questions and Defining Problems 

Scientific questions, which vary from other questions in that the answers lie in explanations supported by empirical evidence, are 

driven by a number of things (e.g. curiosity about the world, findings from previous investigations, etc.). Asking questions leads to 

involvement in other practices. Asking questions and defining problems at the 3-5 level builds on K-2 experiences and progresses to 

specifying qualitative relationships. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Ask questions about what would 

happen if a variable is changed. 

Teacher presents a question 

about what would happen if a 

variable is changed 

Learner selects from several 

questions generated by the 

teacher about what would 

happen if a variable is 

changed 

Learner, with guidance 

from the teacher, asks a 

question about what would 

happen if a variable is 

changed 

Identify scientific (testable) and 

non-scientific (non-testable) 

questions. 

Teacher and/or curriculum 

differentiates between 

scientific and non-scientific 

questions 

Learner identifies what 

questions are scientific from 

a list of questions provided 

by the teacher and/or 

curriculum 

 

Learner determines what 

questions are scientific and 

which are non-scientific 

Ask questions that can be 

investigated and predict reasonable 

outcomes based on patterns such as 

cause and effect relationships. 

Teacher and/or curriculum 

presents learner with questions 

that can be investigated 

Learner selects from 

questions generated by the 

teacher and/or curriculum 

Teacher assists learners in 

generating questions that 

can be investigated and in 

predicting outcomes based 

on previous knowledge 

Use prior knowledge to describe 

problems that can be solved. 

Teacher and/or curriculum 

presents learner with a 

problem that can be solved 

Learner selects problems that 

can be solved from among 

different problems presented 

by the teacher 

Learner uses their own 

prior knowledge to identify 

problems that can be solved 
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Define a simple design problem that 

can be solved through the 

development of an object, tool, 

process, or system and includes 

several criteria for success and 

constraints on materials, time, or 

cost. 

Teacher and/or curriculum 

presents learner with a simple 

design problem 

Learner clarifies an ill-

defined problem 

Learner identifies simple 

design problem and asks 

questions to define problem 

(e.g. What is the need or 

desire that underlies the 

problem?) 

Developing and Using Models 

In science, models are used to represent a system (or parts of a system) under study, to aid in the development of questions and 

explanations, to generate data that can be used to make predictions, and to communicate ideas to others. Students are expected to 

evaluate and refine models through an iterative process of comparing their predictions with the real world and adjusting them based 

on evidence. Modeling in grades 3-5 builds on K-2 experiences and progresses to building and revising simple models and using 

models to represent events and design solutions. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Identify limitations of models.  
Teacher identifies the 

limitations of models 

Teacher guides learner 

toward identifying the 

limitations of models 

Learner recognizes the 

limitations of particular 

models 

Collaboratively develop and/or 

revise a model based on evidence 

that shows the relationships among 

variables for frequent and regular 

occurring events. 

Teacher presents model to 

learners to show the 

relationship between variables 

and/or revise the model based 

on evidence 

Evidence generated from 

teacher directed 

investigations; development 

and/or revision of models 

initiated by teacher  

Learners collaboratively 

develop and/or revise a 

model based on evidence 

from prior experiences 

Develop a model using an analogy, 

example, or abstract representation 

to describe a scientific principle or 

design solution. 

Teacher presents learners with 

a model using an analogy, 

example, or abstract 

representation to describe a 

scientific principle 

Teacher provides learner with 

analogy, example, or abstract 

representation to use to 

develop their model 

Learner selects an analogy, 

example, or abstract 

representation to develop a 

model  
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Develop and/or use models to 

describe and/or predict phenomena. 

Teacher presents students with 

model or instructs learners in 

the development and/or use of 

model 

Teacher and learners 

collaboratively develop 

model, but teacher informs 

learners how to use the 

model  

Learners develop and/or 

use models to explain 

phenomena  

Develop a diagram or simple 

physical prototype to convey a 

proposed object, tool, or process. 

Teacher proposes object, tool, 

or process; the learner 

develops a diagram or simple 

physical prototype 

 

Learner proposes object, 

tool, or process and 

develops a diagram and/or 

simple prototype to share 

their ideas 

Use a model to test cause and effect 

relationships or interactions 

concerning the functioning of a 

natural or designed system. 

Teacher determines which 

model to use to test cause and 

effect relationships 

Learners selects from various 

models provided by the 

teacher to test cause and 

effect relationships 

 

Planning and Carrying Out Investigations 

Scientific investigations are undertaken to describe a phenomenon, or test a theory or model for how the world works. It is 

important for students to state the goal of an investigation, predict outcomes, and plan a course of action that will provide the best 

evidence to support their conclusions. Planning and carrying out investigations at the 3-5 level builds on K-2 experiences and 

progresses to include investigations that control variables and provide evidence to support explanations or design solutions. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Plan and conduct an investigation 

collaboratively to produce data to 

serve as the basis for evidence, 

using fair tests in which variables 

are controlled and the number of 

trials considered. 

Teacher plans an investigation 

for learners to complete; 

teachers choose the variables 

controlled and the number of 

trials carried out 

Learner plans investigation 

but teacher oversees the 

investigation (e.g. determines 

the question, guides learner 

toward particular outcome) 

Learner comes up with 

investigation to answer 

scientific questions 
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Evaluate appropriate methods 

and/or tools for collecting data. 

The appropriate process is 

outlined a priori and the 

necessary tools are given to the 

learner by the teacher 

Learner is given a variety of 

methods and/or tools as 

options to choose from 

Learner determines which 

methods and tools are 

appropriate for data 

collection 

Make observations and/or 

measurements to produce data to 

serve as the basis for evidence for 

an explanation of a phenomenon or 

test a design solution. 

Teacher instructs learner on 

what observations to make 

and/or what measurements to 

take to serve as evidence for a 

particular explanation 

Learners instructed to make 

observations and/or 

measurements to support a 

particular explanation 

Learner determines what 

observations and/or 

measurements are 

necessary to answer a 

question/serve as evidence 

for an explanation 

Make predictions about what would 

happen if a variable changes. 

Teacher provides outcomes 

and students choose which 

outcome they think will 

happen 

Learner makes a prediction 

based on two variables 

provided by the teacher 

Learners make predictions 

based on previous 

knowledge 

Test two different models of the 

same proposed object, tool, or 

process to determine which better 

meets criteria for success. 

Teacher provides two models 

of the proposed object, tool, or 

process and the criteria 

students should use to evaluate 

Learners decide the criteria 

and parameters to use to 

compare the two models 

provided by the teacher 

Learner develops two 

models of the same 

proposed object, tool, or 

process and determines 

which better meets criteria 

Analyzing and Interpreting Data 

Students are expected to improve their abilities to interpret data by identifying patterns, using mathematics, and taking into account 

sources of error. It is important students present data as evidence to support their conclusions. Analyzing data in grades 3-5 builds 

on K-2 experiences and progresses to introducing quantitative approaches to collecting data and conducting multiple trials of 

qualitative observations. When possible and feasible, digital tools should be used. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 



 

 

 

2
2
2

 

Represent data in tables and/or 

various graphical displays (bar 

graphs, pictographs and/or pie 

charts) to reveal patterns that 

indicate relationships. 

Teacher indicates how data 

should be represented in tables 

and/or various graphical 

displays  

Learners select from various 

methods of representing data 

to reveal patterns 

Learner determines how to 

represent data to reveal 

patterns 

Analyze and interpret data to make 

sense of phenomena, using logical 

reasoning, mathematics, and/or 

computation. 

Teacher determines how to 

analyze and interpret data 

Learner selects from various 

methods of analyzing and 

interpreting data 

Learner determines how to 

analyze and interpret data 

to make sense of 

phenomena 

Compare and contrast data collected 

by different groups in order to 

discuss similarities and difference in 

their findings. 

Teacher determines how to 

compare and contrast data 

Teacher asks learner how 

they should compare and 

contrast data 

Learner decides to compare 

and contrast data from 

other groups to consider 

similarities and differences 

Analyze data to refine a problem 

statement or the design or a 

proposed object, tool, or process. 

Teacher determines how data 

should be analyzed to refine 

problem statement or design of 

proposed object, tool, or 

process 

Teacher and learner negotiate 

how to analyze data 

Learner determines how to 

analyze data to refine 

problem statement or 

design of proposed object, 

tool, or process 

Use data to evaluate and refine 

design solutions. 

Teacher chooses which data to 

use and how to evaluate and 

refine design solutions 

Teacher leads learner through 

selection of data and 

negotiates how to evaluate 

and refine design solutions 

Learners choose which data 

are appropriate to evaluate 

and refine design solutions 

Using Mathematics and Computational Thinking 
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In both science and engineering, mathematics and computational thinking are fundamental tools for representing physical variables 

and their relationships, and making quantitative predictions. They are used for a range of tasks such as constructing simulations; 

statistically analyzing data; and recognizing, expressing, and applying quantitative relationships. Mathematical and computational 

thinking at the 3–5 level builds on K–2 experiences and progresses to extending quantitative measurements to a variety of physical 

properties and using computation and mathematics to analyze data and compare alternative design solutions. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Decide if qualitative or quantitative 

data are best to determine whether a 

proposed object or tool meets 

criteria for success. 

Teacher determines whether 

qualitative or quantitative data 

are more appropriate to 

evaluate a proposed object or 

tool 

Teacher facilitates class 

consensus about what data 

would be best 

Learner determines whether 

qualitative or quantitative 

data are more appropriate 

to evaluate a proposed 

object or tool 

Organize simple data sets to reveal 

patterns that suggest relationships. 

 

Teacher or curriculum dictates 

how the data should be 

organized 

Learner selects from different 

options for organizing the 

data in order to describe 

patterns 

Learner considers the data 

from different perspectives 

and with different 

representations in order to 

identify patterns 

Describe, measure, estimate, and/or 

graph quantities such as area, 

volume, weight, and time to address 

scientific and engineering questions 

and problems. 

 

Teacher determines the kinds 

of quantitative data relevant to 

the problem 

Teacher instructs learner to 

collect quantitative data, but 

not which are appropriate to 

address scientific and 

engineering problems 

Learner considers the kinds 

of quantitative data that are 

relevant to the 

question/problem 

Create and/or use graphs and/or 

charts generated from simple 

algorithms to compare alternative 

solutions to an engineering 

problem. 

Teacher creates graphs and/or 

charts for learner to use to 

compare alternative solutions 

to an engineering problem 

Teacher assists learner in 

creating graphs and/or charts 

to compare alternative 

solutions to an engineering 

problem 

Learner creates graphs 

and/or charts and uses them 

to compare alternative 

solutions to an engineering 

problem 

Constructing Explanations and Designing Solutions 

The goal of science is to construct explanations for the causes of phenomena. Students are expected to construct their own 

explanations, as well as apply standard explanations they learn about from teachers or readings. An explanation includes a claim 



 

 

 

2
2
4

 

that relates how a variable relates to another variable. Constructing explanations in 3-5 builds on K-2 experiences and progresses to 

the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in design multiple 

solutions to design problems. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Construct an explanation of 

observed relationships (e.g. the 

distribution of plants in the back 

yard). 

Teacher instructs learner to 

construct an explanation of 

observed relationships 

Teacher facilitates the 

construction of explanations 

Learner generates 

explanation based on 

investigation/observation to 

describe relationships 

Use evidence (e.g. measurements, 

observations, patterns) to construct 

or support an explanation or design 

a solution to a problem. 

Teacher provides evidence that 

supports a particular 

explanation or solution to a 

problem 

 

Teacher facilitates 

construction of explanations 

by asking for evidence to 

support a particular 

explanation 

Learner determines what 

evidence to use to support 

an explanation 

Identify the evidence that supports 

particular points in an explanation. 

Teacher points learners to 

pieces of evidence that 

supports particular points in an 

explanation 

Teacher offers multiple 

pieces of evidence and asks 

students to choose which 

support particular points in 

an explanation 

Learner identifies the 

evidence that is relevant for 

a particular point in an 

explanation 

Apply scientific ideas to solve 

design problems. 

Teacher determines which 

scientific ideas will help solve 

design problems 

Teacher facilitates discussion 

about what scientific ideas 

might help solve design 

problems 

Learner identifies scientific 

ideas that will help solve 

design problems 

Generate and compare multiple 

solutions to a problem based on 

how well they meet the criteria and 

constraints of the design solution. 

Teacher instructs learner to 

generate two solutions a 

problem and leads them 

through a comparison of the 

two 

Learners generate multiple 

solutions to a problem and 

teacher initiates discussion 

comparing them 

Learner generates multiple 

solutions to a problem and 

initiates a comparison of 

the two 
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Engaging in Argument from Evidence 

In science, reasoning and argument are essential for identifying the strengths and weaknesses of a line of reasoning and for finding 

the best explanation for a natural phenomenon. Scientists must defend their explanations, formulate evidence based on a solid 

foundation of data, examine their own understanding in light of the evidence and comments offered by others, and collaborate with 

peers in searching for the best explanation for the phenomenon being investigated. Engaging in argument from evidence in 3–5 

builds on K–2 experiences and progresses to critiquing the scientific explanations or solutions proposed by peers by citing relevant 

evidence about the natural and designed world(s). 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Compare and refine arguments 

based on an evaluation of the 

evidence presented. 

Teacher initiates comparison of 

arguments and subsequent 

revisions 

Teacher initiates comparison 

of arguments, but learners 

make revisions accordingly 

Learner initiates 

comparison of arguments 

and makes revisions 

accordingly 

Distinguish among facts, reasoned 

judgment based on research 

findings, and speculation in an 

explanation. 

Teacher makes the distinction 

between facts, reasoned 

judgement based on research 

findings, and speculation  

 

Learner makes the 

distinction between facts, 

reasoned judgement based 

on research findings, and 

speculation  

Respectfully provide and receive 

critiques from peers about a 

proposed procedure, explanation or 

model by citing relevant evidence 

and posing specific questions 

Teacher initiates a discussion 

around critiques about a 

proposed procedure, 

explanation, or model 

Teacher facilitates a 

discussion between learners 

around critiques about 

proposed procedure, 

explanation, or model 

Learner initiates discussion 

around critiques about a 

proposed procedure, 

explanation, or model 

Construct and/or support an 

argument with evidence, data, 

and/or a model. 

Teacher provides learner with 

evidence to construct and/or 

support an argument 

Learner selects from 

evidence provided by the 

teacher to construct and/or 

support an argument 

Learner determines which 

evidence are appropriate to 

construct and/or support an 

argument 
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Use data to evaluate claims about 

cause and effect. 

Teacher determines the data 

appropriate to evaluate claims 

about cause and effect 

Teacher provides data, but 

the learner determines which 

data are appropriate to 

evaluate claims about cause 

and effect 

Learner finds data and 

determines which data are 

appropriate to evaluate 

claims about cause and 

effect 

Make a claim about the merit of a 

solution to a problem by citing 

relevant evidence about how it 

meets the criteria and constraints of 

the problem. 

Teacher provides evidence and 

instructs students to make a 

claim about the merit of a 

solution 

Teacher provides evidence, 

but the learner determines 

what evidence is relevant to 

the claim 

Learner identifies relevant 

evidence and makes a claim 

about the merit of a 

solution to a problem 

Obtaining, Evaluating, and Communicating Information 

Being able to read, interpret, and produce scientific and technical text are fundamental practices of science and engineering, as is the 

ability to communicate clearly and persuasively.  Obtaining, evaluating, and communicating information in grades 3-5 builds on K-

2 experiences and progresses to evaluating the merit and accuracy of ideas and methods. 

Descriptors in the NGSS Teacher/Curriculum Directed < ---------------------------------------------- >Student Directed 

Read and comprehend grade-

appropriate complex texts and/or 

other reliable media to summarize 

and obtain scientific and technical 

ideas and describe how they are 

supported by evidence. 

Teacher finds and provides 

grade-appropriate text and/or 

other reliable media 

Teacher provides multiple 

resources for learner to 

choose from 

Learner finds applicable 

resources for the purpose of 

summarizing and obtaining 

scientific and technical 

ideas 

Compare and/or combine across 

complex texts and/or other reliable 

media to support the engagement in 

other scientific and/or engineering 

practices. 

Teacher initiates comparison 

across complex texts by 

providing texts and/or other 

reliable media 

Learner initiates comparison 

across complex texts and/or 

other reliable media provided 

by the teacher 

Learner finds relevant 

complex texts and/or other 

reliable media and makes 

comparisons across 
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Combine information in written text 

with that contained in 

corresponding tables, diagrams, 

and/or charts to support the 

engagement in other scientific 

and/or engineering practices. 

Teacher initiates the 

combination of written text 

and that in corresponding 

tables, diagrams, and/or charts 

Teacher provides written text 

and corresponding tables, 

diagrams and/or charts, but 

learner initiates the 

combination of information 

Learner finds relevant 

written text and 

corresponding tables, 

diagrams, and/or charts and 

combines information 

Obtain and combine information 

from books and/or other reliable 

media to explain phenomena or 

solutions to a design problem. 

Teacher provides resources 

from which learners can obtain 

and combine information 

Teacher provides multiple 

resources learners can choose 

from 

Learner finds own 

resources through which to 

obtain and combine 

information 

Communicate scientific and/or 

technical information orally and/or 

in written formats, including 

various forms of media as well as 

tables, diagrams, and charts.  

Teacher chooses how learners 

are to communicate scientific 

and/or technical information 

Teacher offers a number of 

options for communicating 

scientific and/or technical 

information 

Learner determines how to 

share scientific and/or 

technical information 

 



 

 

 

2
2
8

 

Appendix L: Interview questions related to Developing and Using Models and teachers’ responses 

Interview question  Teacher response  

Tell me how students developed their 

models. How is what students are doing to 

develop and use their models like what 

scientists do and how is it different? 

(Teacher 322) We said build a mental model and then maybe like do a sketch so it was 

nothing too extravagant but they did need to represent what they were learning of what 

they understood in a way that made sense to them…I mean it’s very similar to what 

scientists do because they have to represent their findings in their own way so I’m not 

giving them a model that they have to understand, they need to create their own…how 

is it different I mean these are elementary students so their models may look very 

different compared to something that actual scientists may do 

(Teacher 310) Developing models has been an unfamiliar practice for them so it’s 

teaching them that it’s more than just building something because so often they kept 

thinking well I have to build something like a model airplane and then teaching them it 

can be a drawing and it can be represented in two dimensions it doesn’t have to be 3D 

it can even become a movie and a video…I think it’s like what [scientists] do because 

sometimes they’re testing their theories when they’re creating those models and you 

know sometimes they work and sometimes they don’t which is often like what 

scientists do and so I think that it’s been a learning experience you know our models 

don’t always turn out exactly how we planned 

(Teacher 330) mostly the model is more of a mental model and how this is supposed to 

work so it’s not necessarily I just get to build whatever I want and so sometimes it’s a 

model with the materials that I have and did you set it up and put the things together 

the way they were supposed to be put together and sometimes it’s drawing a picture in 

your notebook or in your journal where instead of having actual physical model you’re 

just doing a mental thing of what we’re doing is supposed to look like… I think that’s 

just what science is, figuring out how things work and how things fit together…you 

want it to make sense like that’s to me that’s the whole idea behind models is helping 

me make sense of what it is that I’m doing and I assume that’s what real scientists do 

too, they want to be able to make sense of what it is they’re trying to figure out. 
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Interview question  Teacher response  

(Teacher 315) they have to create a model after experimenting with syringes full of air 

and then I also do water so that they can compare the difference between the moving of 

it and then they have to create a model of what the molecules the particles would look 

like within the syringe. And I usually give them the option of gluing like little sequins 

or something to try to make it even more exciting for them than just drawing cause 

when it is a craft they’re more likely to actually try and label all the things they need 

to… we talk about the fact that scientists do drawings and things to explain their 

thinking and develop ideas and that’s what they’re also doing is they’re developing 

different ideas and are drawing it in their notebook and then I also make them do one 

as a group after they’ve done it so then they can gallery walk and see what other 

people’s ideas are…I make them as a group decide how should it look within on a 

bigger poster and then they after they go through then they have to adjust their model 

again…cause you have to rethink and you get peer approval from different magazines 

or colleagues before you actually get published so 

How do other activities in this unit 

contribute to this model? 

(Teacher 322) we always try to build on their experiences so that they’re able to make 

sense of what is happening so with the help of QuEST every single lesson was very 

purposeful in introducing them to things because it may happen later on and always 

trying to bring in their own experiences as well…as far as models go it’s not like we 

just say make a model so there is a lot of prior discussion, observation, just taking 

simple moments to say oh well this is a model so using that language and things that 

we’re seeing all of the time just making sure that you are truly explaining what models 

can be for students so that when they are faced with a situation that they need to begin 

developing an understanding for what it is they know what models have been created 

by like scientists or myself so then they can begin to apply it themselves…it’s not just 

a drawing there is a purpose behind it so I would say it’s a whole year process in 

developing models  

(Teacher 310) the different types of solids, liquids, gases and how they all relate to one 

another, how they’re classified and I think that it kind of all fits together but yet it’s 

still kind of separate, when we did like the thing with the Oobleck and it was kind of 

that mystery substance and that there are things that just don’t necessarily fit into one 
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Interview question  Teacher response  

thing and that was kind of like our cereal we mixed it and it was like okay well the 

cereal was a solid but then when we put the water in it it turned to this mush and then 

we were able to pull out some particles of iron so then okay what is it and so then it 

was definitely changing states of matter so that was kind of I followed this up pretty 

close to after we did the Oobleck thing…I always like to have them stop and make 

notations in their science notebook and you know what are you thinking and a lot of 

times I’ll put up a picture or something like that explain what you think that this means 

in this particular case explain why we could pull the iron out with the one type of 

cereal or why it didn’t work for the others and then to put it into words…I think when 

you only do one they don’t really understand, they don’t get that deeper level in the 

sense that it sticks so but then of course you know here I am 6 weeks into and it’s like I 

gotta get through it you know 

(Teacher 330) there’s solids, there’s liquids, there’s gases they’re made up of particles 

but they don’t know what these particles are and so when we talk about a gas and we 

talk about you know gases spread out and this is my example if I open up the door 

some of the particles that are in here are going to go out there and some of the particles 

that are out there are going to come in here but if it’s the balloon on the bottle and they 

don’t have any place to go and they can’t come in… I’m a big air quote person you 

know it’s made up of “stuff” well what is that stuff, well sometimes that stuff is too 

small to see and I break it down so if I’m talking about the stuff that makes up the air 

that I breathe well I can’t see the air that I breathe but it must be air because I’m still 

alive and all of you are too and taking it back to solid, liquid, gas and air that I breathe 

is one of those gases and it’s got to be made of something I just can’t see it and then 

when we talk about things evaporate and then they go into the air but then they come 

back and to turn that gas back into a liquid it’s got to come back into a liquid on 

something and we talk about this, do you ever have the sun shining in through your 

window and you can see all the dust that’s floating around on the air but normally you 

just can’t see that dust until the sun gives it light, it’s there you just can’t see it and so 

it’s kind of like that I guess where some things are too small that we can’t always see 
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Interview question  Teacher response  

them and you know if you’re a scientist you get to use a special microscope that lets 

you see all that stuff that’s too small 

(Teacher 315) well they’re having to develop models for all three states of matter so 

this lesson is focused on the gases, they also are having ones that are focused on the 

solids and ones that are focused on the liquids more and that way they kind of get an 

overview of what it would look like and kind of an understanding and then they also 

talk about the heating and of the molecules and the cooling so that they can see why 

some things look that way 

How does their model help students make 

connections across scientific phenomena? 

(Teacher 322) phenomena are very abstract sometimes so when they’re able to relate it 

to experiences they actually are starting to understand what is actually happening 

(Teacher 310) I think that when they can put their thoughts into a model it makes that 

connection they can explain to you...I don’t necessarily want them to be able to fill in 

the bubbles or anything like that to tell me whether they know it, I want them to be 

able to tell me how they knew it 

(Teacher 330) …well I hope that they can say remember that one time when we 

learned about X and make those connections and so you’re always kind of building on 

the stuff before and so hopefully like if we’re doing this activity then if we’re learning 

about how this balloon got bigger that lead us to discover something else I hope that 

like everything is a connection to everything else  

(Teacher 315) um by realizing that there are particles in everything they’re able to 

understand that everything is made up of something and that there’s different 

parts…the third and fourth grade don’t really cover matter, they talk about energy and 

they talk a little bit about it in that aspect but they don’t talk about the states as much 

and so it’s kind of new for the kids so they’re kind of just building the foundation more 

right now and at the end of the unit hopefully they have it.  

Suppose students developed a model that 

was incorrect? How would you handle 

that? 

(Teacher 322) guide them in questions so if it was conservation of mass um so you’re 

telling me that even though I had a whole cookie and you crumbled it up and there’s no 

other thing that they’re going to weigh the same. Or it’s not going to weigh the same, 

okay well let’s try it out so then they prove it so just by questioning and then going 
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Interview question  Teacher response  

back and retesting just like what any scientist would do…sometimes I think that it’s 

important as a teacher to value that experience too because in science life it’s not all 

butterflies and rainbows right, they have those experiences where things don’t work so 

I think it’s important to value when models don’t aren’t perfect and go from there 

too…the beginning of the year models on a complete different topic may look 

completely different than what we’re doing in life science at the end of the year with 

models because they’ve developed what models should look like throughout 

(Teacher 310) I don’t ever really tell kids that they’re wrong and I just try to always 

say well let’s listen to somebody else’s idea and see what they think and a lot of times 

kids will listen to what somebody else says and a lot of times they will correct it 

themselves and they say oh now I understand and sometimes if you expand it a little bit 

then they will understand how their model was incorrect and then they’ll come back 

and rethink it and then a lot of times I’ll say well now do you understand, what do you 

think now and most of the time they will understand but I just think with science you 

have to make mistakes in order to learn…we talk about that there are things that don’t 

work in science so you definitely learn sometimes from things that don’t work 

(Teacher 330) with some probing questions, so tell me about your model, like today in 

class we were talking about making our predictions…just because you made a 

prediction and that’s not what happened didn’t you still learn something and so you 

can learn from those errors in what you drew but let’s see if we can look at it another 

way and maybe your model isn’t exactly what I was expecting let’s take a look at the 

person next to you’s model and see if maybe you can make some comparisons to your 

model and see if you can figure that out…if their model is wrong I can’t let it be 

wrong, I can’t let you have the wrong ideas but I don’t want to just tell you you’re 

wrong let me help you figure out how you’re wrong and go from there 

(Teacher 315) I’d make them retest or test in a different way. I’d do like a computer 

model to show them too so that they can see a different way of doing it cause if they’re 

just left to their own devices, they’ll continue making and building on that same 

problematic thing so if I catch it early I can go and make a mental note or actually I 
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Interview question  Teacher response  

write down and then I pull them and talk with them and then if I’m noticing there’s a 

problem then during my RTI time they get on the computer or they get an article or 

something or if everybody’s having a problem then we retest as a class in a different 

method…we have Discovery Education for our school and they actually do have some 

models….I just tell them which one they’re searching for. I look it up on my own and 

then I go okay you need to go find, type in this and I even write it down and then they 

go and it helped a lot 

What if a student were to say their model 

is “finished?” How would you respond to 

that? 

(Teacher 322) Again I would question them by saying so does this represent this and if 

they say yes, then I see that you understand what it’s supposed to represent but I’m not 

seeing that visually or you’re not representing so it doesn’t even need to be visual 

you’re not representing it so I would always say if a second grader was to walk into 

this classroom they need to completely understand what’s going on, they may not 

understand the vocabulary but they need to understand the process 

(Teacher 310) I think that sometimes I’ll have them maybe walk over and look at 

another groups because a lot of times we work in groups in science so when somebody 

finishes I’m like okay well why don’t you go over and listen to what the other groups 

talking about  

(Teacher 330) maybe for this idea it is but let’s put that aside and put that in a 

compartment and let’s come back to that next week, next month, next quarter whatever 

because I’ll say well remember first quarter when we were learning about this and let’s 

pull that out again and see if we want to make any changes, I know we thought our 

models were done then or we thought our drawings were done there we thought we 

were done learning about that, no we’re never done 

(Teacher 315) I would say as scientists we always are adapting and exploring more so 

you may be done with this one but you might be needing to go back and fix it later 

Response to pre-interview task (Teacher 322) as time progresses they’ll understand the scientific phenomena I want 

them to understand, whether it be me giving more support or they look at someone 

else’s example, or we watch like a video and this happens and we’re like wait that 

didn’t happen with ours so just constantly bringing in those things, but they do need to 
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represent what happened and why they think it happened even if it’s not right, but then 

that’s where the educator’s job comes into play 

(Teacher 310) some kids will make the detailed drawings, they’re really good at that 

they want to represent it that way, I have other kids who would rather represent it 

through a video, I have others who want to create something so it just depends on the 

kid because I don’t ever say you’re going to make a model alright get out your paper 

and pencil or we’re going to make a model okay we’re going to video it, let me know 

what kind of model do you want to create, what do you think is going to best represent 

and tell me what you know…well we talked about what different models look 

like…most of the time we’ll do models in their journals and they’ll just do that and 

then I have some who don’t want to do a lot of writing and everything else and they’re 

more creative and it’s like okay that’s fine and you can do it another way 

(Teacher 330) I do want them to be accurate but accurate for our learning at this point, 

so I don’t want you to have any glaring misconceptions or glaring mistakes in what 

you did and so yes I have to stop you at that point and say no you’re not done, it’s not 

done we got to fix this because I can’t let you go a week thinking that but it still needs 

to be accurate because I can’t let you think wrong things 

(Teacher 315) the reason I do the individual first is so I can kind of see where their 

thinking is going, what misconceptions they already have, what things they do 

understand and what lessons I need to put in place to build on it more to fit the 

standards that they need to have by the end of fifth grade. If I notice the kid is the one 

in the group that has like the particles that are three times different sizes then I know 

we need to pull and talk through why is it bigger here but not here and ask those 

prompt questions to get what they were thinking. Sometimes they’ll be honest, I was 

just doing them fast and you’re like okay then let’s slow down and let’s try it again and 

that’s where gluing things down helps with that because they’re all the same size 

 (Teacher 335) no I’m just saying like sometimes kids will try to make a model and it’s 

just not really that’s really not showing what you’re trying to communicate and so and 

it could be a variety of things, it could be lack of resources but usually it’s lack of 
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understanding right and so how are we allowing them to try to build that and have 

some choice and whatever but then at some point you might have to intervene and say 

well or through there hopefully being questioned they’re going to understand that well 

maybe this is not really communicating what I wanted it to do and so how can you go 

back and revise that um but yea sometimes I think when they are left to the task of 

making a model I think for some kids it can be hard for them…sometimes yea I mean 

it’s fun too but for some of them to thoughtfully think about well why are you putting 

that on there, why are you doing that if it doesn’t serve a purpose then let’s not do that 

it’s kind of just I call it jacking around (both laugh)…and it sounds like so are you 

talking about physical models?...sometimes yea well I mean the drawing ones are 

just like I don’t know and they serve a purpose too um but I think when things are kind 

of I’m just thinking of I don’t know I like more physical ones but you can’t always do 

that either you know 

 

 

 

 

 

  

(Teacher 316) well I think that that takes it to another depth of knowledge in terms of 

being able to make a model like right there some kids are intimidated cause they’re 

like ah there’s not like a yes or a no or a right answer or something and so it’s more 

creative thinking and coming up with so what are the main pieces what are the 

essential parts and what am I trying to get across like if you don’t genuinely 

understand the concept you’re not going to be able to make a good model. So it forces 

you to have to really understand how to do it in order to make your model work. 
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