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Abstract 

An examination of student's epistemologies revealed a central theme around explanation and 

communication that was at the center of how students conceptualized models and their roles in 

biology. This theme emerged as students shared thoughts about models that existed within a 

larger discussion around, and centered on the notion of a model's purpose. Central to their 

epistemological beliefs was the ability of a model to accurately represent and explain the real 

world. It is under this unifying notion of purpose that I have characterized students' 

epistemologies to state that models should represent a complex reality with a level of detail that 

is explanatory without being distracting or occluding the general idea being communicated 

Introduction 

Why NGSS and Why Now? 

Students of today find themselves immersed in a world where daily access to information 

is unprecedented and teachers are faced with the challenges of educating students who have 

grown accustomed to such a high throughput of infonnation. Additionally, the scientific 

advancements of the last two decades are astounding and are reshaping how scientists understand 

the world around them. Likewise, recent technology and scientific developments call for a 

restructuring of science education to more accurately reflect new discoveries and competencies 

required to navigate an increasingly educated society operating on a generally higher level of 

scientific knowledge and literacy. 

Before the rollout ofNGSS, the National Science Education Standards were developed 

from the National Research Council and Benchmarks for Science Literacy published by the 

American Association for the Advancement of Science. While these standards have proven to be 

both long lasting and robust over time, they are around fifteen years old. A survey of these years 

turns up major advancements in the world of science as well as in our collective understanding of 

how students learn science effectively. The world in which educators will prepare their students 

has an increasing demand for critical thinking and communication skills that will influence their 



postsecondary success as well as their citizenship within a society driven by technologic and 

scientific innovations. 

NGSS itself is not a universal curriculum for science education but it is designed as a set 

of flexible and informed standards that emphasizes student's proficiencies, rather than a list of 

content to be covered. Specific concepts relating to each science discipline are addressed, but are 

woven within a larger set of scientific practices that encompass the habits and skills of engineers 

and scientists. NGSS stands apart from previous science standards because NGSS was 

purposefully designed to focus on integrating the development of good scientific practices with 

content, rather than treating skill development as an external goal that was separated from 

content. When considering how content, skills, and preparation for the future all fit together to 

promote meaningful science education, NGSS identified three dimensions in which science 

learning can take place. These dimensions serve as a unifying framework on which to build the 

new standards for science education. 

The Three Dimensions of Science Learning 

The NGSS were designed and build around three distinct dimensions, all of which are 

equally integral to learning science. These three dimensions include Disciplinary Core Ideas, 

Science and Engineering Practices, and Cross-Cutting Concepts. The dimensions are not separate 

entities meant to be taught as units, rather they work in tandem to form the performance 

expectations laid out in the NGSS framework and to support students as they construct a 

comprehensive understanding of science. Truly separating NGSS from previous science 

standards is the requirement that every performance expectation must combine a relevant 

practice of science or engineering with a core idea and a cross-cutting concept. This trifecta of 

science learning is at the core ofNGSS. The three dimensions of science learning and the 



performance expectations were designed so that students who engage in scientific practices will 

have a more deeply ingrained perception of how scientific knowledge develops, and the wide 

range of approaches used to investigate and model the world (NRC Framework 2012). 

Dimension 2 ofNGSS is comprised of the seven cross-cutting concepts that have been 

identified by their power to unify the study of science and engineering practices when commonly 

applied across scientific fields . These cross-cutting concepts serve as a bridge to cross 

disciplinary boundaries and create an overall stronger interconnected network of core ideas. Of 

the three dimensions that comprise NGSS, I have identified cross-cutting concepts as the area to 

perform an in-depth research study that would benefit current science educators and inform my 

future teaching practices. The focus of my research is on one of the seven cross-cutting concepts 

identified as systems and system models. Student performance of this cross-cutting concept is 

characterized by their ability to define the systems that they study. Students work towards 

becoming proficient at speci fying the boundaries of a system, from which they can create a 

model of that system. Ultimately, developing the necessary skills to build models of systems 

provides students a widely applicable tool to investigate and test ideas. 

Theoretical Framework 

Models and Epistcmic Criteria in Science 

Student experiences using and creating models are all extremely unique and highly 

contextualized, however a theoretical lens crafted from experts in modeling and science 

education can provide a useful perspective through which educators and researchers can unpack 

and analyze those experiences. Before exploring their use, Odenbaugh asks a simple question 

with a complex answer, "What are models?" (Odenbaugh 2009) and he contributes a 

philosophical lens through which modeling as a practice can be assessed, and offers his own 



framework that situates modeling as a collection of cognitive strategies. However, Odenbaugh's 

framework only addresses the pragmatic nature of modeling, one that emphasizes the objective 

of the model and how form and function will vary in accordance to the objective (Svoboda and 

Passmore, 2013). The five uses of models he described are 1) simple, unrealistic models used to 

explore complex systems, 2) explore unknown possibilities, 3) development of conceptual 

frameworks, 4) make accurate predictions, and 5) generate causal explanations (Odenbaugh, 

2005). My research focused specifically on understanding how students' beliefs were shaped by 

which of the five major uses they thought models could serve in biology. With Odenbaugh as a 

starting point, scientists, and therefore our students should operate with the knowledge and 

ability to define what a model is and how it is used. 

I am interested in investigating student epistemologies around modeling because 

epistemology, as a shared practice for the production of knowledge, is situated within and is 

integral to the discourse practices of a classroom. It is possible to identify and describe the 

epistemologies of a classroom through an analysis of the student's actions and shared 

experiences (Lidar et aI, 2006). My research is not an attempt at characterizing all of the 

epistemological beliefs of a student, but to carefully probe their conceptions around the criteria 

they use to evaluate model goodness. As an extension of Odenbaugh' s framework, Pluta et.al 

propose that competent modelers should operate under a set of criteria that is used to identify and 

construct a good model. Scientists employ epistemic criteria to evaluate scientific and 

engineering products such as arguments, evidence, and models for validity and accuracy (Pluta 

et. aI, 2011). Science educators agree that review and evaluation are seminal practices in the 

scientific community, and are competencies that students should develop and feel comfortable 

applying across all scientific fields. Using epistemic criteria in the evaluative process of a model 



requires the learner to identify components of the system in question, their relationship with 

other components of the system, and any conl1ections between the model and its observable 

efficacy. Identification of components, relationships and connections are all features that 

educators can observe to determine student performance regarding the cross-cutting concept of 

systems and system models (NGSS HS-L2 observable performance sheet). In light of the 

findings fi-om Pluta et. al in 2011 and the NGSS performance expectations enumerated within the 

High School Life Science standards, I am including a second aspect to my theoretical lens that 

directly concerns learners' epistemic criteria for good scientific models. 

Understanding and using criteria and criteria-related practices are significant to learning 

how to participate in science, but purposeful inclusion ofthese practices in the context of 

modeling is one method educators can work towards NGSS. Considering the performance 

expectations ofNGSS regarding modeling, educators creating and using model-based curricula 

face the challenge of expanding and making progress on students' scientific reasoning skills. 

However, understanding a student's ideas and conceptions about the criteria for a good model is 

a valuable jumping-off point for educators who seek to promote their students' reasoning skills 

(Pluta et. aI, 2011). For this reason, I argue that it is necessary to expand upon Odenbaugh's 

original ideas about models in biology. My theoretical framework combines Odenbaugh's and 

Pluta et. al,'s reasoning so that I can explore biology students' epistemologies of what a model 

is, and the criteria by which they evaluate and assess model goodness. 

Purposeful Construction and the Role of Models 

Each of the seven cross-cutting concepts defined under NGSS are mapped onto a K-12 

progression matrix and with the matrix, student competencies are explicitly defined with regards 

to each concept. Achieving an understanding of how students define models in biology and their 



thoughts on what constitutes a good model only attends to a portion of the performance standards 

outlined under the cross-cutting concept of modeling. The Framework describes a performance 

expectation for grades 9-12 with regards to the actual construction of a model stating that 

students should be able to "develop a model based on evidence to illustrate the relationships 

between systems or the components of a system". The Framework further elucidates that when 

constructing models, students should understand and recognize that "any model of a system 

incorporates assumptions and approximations; the key is to be aware of what they are and how 

they affect the model's reliability and precision" (NRC Framework p. 93). In addition to defining 

a model and model goodness, science educators must also work with students to build the skills 

and proficiencies to be able to develop a model. With these performance expectations in mind, I 

expanded my original framework to include a second level of analysis to characterize how 

students think about the construction of models and the roles they play in science. 

Informing the expansion of my framework is research put forth by Svoboda and 

Passmore and their paper on strategies of modeling in biology education. Svoboda and Passmore 

acknowledge that the cognitive strategies that comprise Jay Odenbaugh's framework are an 

essential part of characterizing modeling as a scientific practice, however they take the stance 

that modeling in biology cannot exist purely in theory. When modeling is situated within the 

dynamic and diverse field of biology, scrupulous consideration to context is required (Svoboda 

and Passmore, 2013). Odenbaugh correctly theorizes that form and function of a model will vary 

significantly depending upon the objective behind the creation of the model. A great range of 

specialization exists within the bounds of biology, and epistemological distinctions are evident in 

the types of models and modeling practices present within this field of study. In order to fully 

comprehend the complex collection of models and modeling practices within biology, biologists 



and biology educators should operate under the knowledge that models and modelers cannot 

fully be divorced from the context in which they were created. 

Creating a model is a complex process where the modeler must grapple with tradeoffs 

between the epistemic aims of precision, generality, and realism. Philosopher of science Richard 

Levins elucidates this point and emphasizes that the mark of a competent and thorough modeler 

is one who builds different models to reflect epistemic aims (Levins, 1966). Therein lies the 

recognition that models are created with a specific goal, and purposeful decisions have been 

made in the creation of a model. NGSS requires that students should be able to develop a model 

of a system and its parts, but also explicitly states that students in grades nine through twelve 

should be able to recognize the limitations and assumptions inberent to the models they build. 

The Framework developers were motivated to include such comprehensive perfoDl1ance 

standards due to the high degree of applicability of modeling practices and thought processes to 

any area of science. Ultimately, biology students should develop the cognitive strategies to be 

able to parse a question and select the model that will serve as tbe optimal tool in their pursuit to 

answer that question. 

Application of Theoretical Analysis 

Engaging in model construction as a daily class experience is highly idealized and 

increasingly difficult when considering the instructional challenges of teaching large enrollment 

biology courses, yet there is a push to include more active learning strategies as part of 

introductory biology courses (Allen & Tanner, 2005). Before beginning an investigation into 

how to incorporate modeling in the curriculum, educators 111USt consider how students are 

exposed to, and are engaged in learning biology. Courses heavily based on teacher-delivered 

lectures dominate a fair number of biology classrooms, both at the high school and 



undergraduate level. This monoculture of teaching styles may be leaving out subsets oflearners 

and learning styles (Tanner & Allen, 2004), however within this monoculture there are 

opportunities for differentiation of instruction and reorganizing classroom practices. The lecture 

format in large introductory biology courses often emphasizes content, rather than process, 

which often fails to convey the true nature of scientific investigations and its roots in hypothesis

based inquiry (Armbruster, 2009), and fails to motivate meaningful intellectual engagement 

(Allen & Tanner, 2005). Any classroom reform should therefore refocus efforts to teaching 

students and engaging them in genuine processes and inquiry that can be mapped onto 

disciplinary core ideas, as outlined by The Framework. I believe an emphasis on scientific 

processes is a great first step at restructuring classroom pedagogy to align with NGSS, and to do 

so, educators and curriculum developers should consider situating modeling as a focal point of 

this step. 

Before teachers apply the NGSS cross-cutting concepts during curriculum development, 

it is a vital first step to fully comprehend where students are currently in their understanding and 

fluency with regards to what is considered a model, their construction, and the roles they serve in 

science and engineering. It is a challenge for students to view science as more than a set of 

known facts, and an even greater challenge to understand that science is an evolving 

amalgamation of concepts and concept relationships. Most importantly, science educators want 

their students to see that learning science extends beyond conceptual understanding, and that 

genuine scientific practices include methodologies for constructing new concepts and 

relationships (Novak, 1990). It is with the purpose for addressing these fundamental 

epistemological problems that I choose to investigate how current biology students view the field 

and view modeling, a classical tool for scientific investigations. Model construction is a 



competency that begins when students have the opportunity to engage in and think about the 

process of scientific inquiry. If incorporating models into science curricula is one of my future 

goals, then understanding the multitude of ways that modeling supports scientific inquiry can 

help inform my decisions when designing a curriculum that aligns with the goals ofNGSS 

(Leher and Schauble 2006). Studying how students have engaged with, and formed opinions 

around the practice can prove useful in elucidating the best ways in which educators and 

curriculum developers can connect to, and expand, student competencies around modeling, as 

well as emphasize the importance of scientific processes in their classrooms. 

I offer that the philosophies of Odenbaugh, Pluta et, aI, as well as Svoboda and 

Passmore's are informative and offer a lens to investigate how students conceptualize the 

multifaceted process of modeling, models themselves, and their roles. Using these philosophies, I 

have constructed my theoretical framework for illuminating introductory biology students' 

epistemologies about modeling in biology. This framework addresses four distinct areas of 

inquiry which I will use to probe student epistemologies around modeling in biology. I have 

narrowed my focus to four distinct areas that align with the student performance standards, 

including the ability to define what a model is, epistemic criteria for model goodness, strategies 

for model construction and the roles t~1ey serve in biology. Using this theoretical framework, my 

research into biology student's model conceptions will serve as a starting point for actualizing 

the NGSS standards in classrooms across the country. 

Research Methods 

In the remainder of the paper, I will present my exploratory research into modeling 

epistemologies through two case studies of freshman introductory biology students at 

Swarthmore College. Students were selected for this research based upon the level of biological 



coursework in progress, or completed by the spring semester of 20]7. My research design 

attempted to control for the possibility that students would have varying degrees of discipline 

preparation which could influence how they responded in the interviews. Since my research in 

interested in how the NGSS can be applied to high school classrooms, I wanted to interview a 

population of college students who hold epistemological beliefs similar to that of high school 

students. By limiting the pool of interviewees to those who have only completed up to 

introductory STEM courses at Swarthmore, this design intentionally avoided students with 

advanced study in any STEM discipline. In doing so, the interviewees at SW31ihmore would 

serve as a more closely comparable based upon their coursework, and hopefully in their 

epistemological beliefs, to high school students. 

Participants 

SwartlU110re College is a prestigious, yet small liberal arts college in southeastern 

Pennsylvania with just over 1,600 full-time students. Swarthmore is a highly collaborative 

community where students are frequently asked and encouraged to reflect upon themselves as 

learners and their learning environment. At the end of their freshman year, Sarah and Lexie have 

had eight months to adjust to the rigor of Swarthmore coursework while still being in a position 

to juxtapose their college learning experiences with those from the recent past at their respective 

high schools. Sarab and Lexie served as excellent case studies for understanding the 

epistemologies that a student can develop in high school, and what is retained that may influence 

their experiences in biology courses at the college level. 

The case study of each student consisted of two interviews desif:,Tned to elucidate their 

experiences as a high school biology student, and to probe more deeply into their beliefs about 

models and their experiences with models in high school and Swarthmore biology classes. The 



first interview focused on establishing a solid foundation for each student's prior experiences in 

their high school biology course and their reflections on the course in comparison to their 

introductory biology courses at Swarthmore. The second interview was entirely focused on 

probing their beliefs surrounding models and their usage in biology. Performing the first 

interview allowed me to establish a connection with Sarah and Lexie and allow their past 

learning experiences, emotions, and opinions to scaffold my understanding of their identity as a 

science student. The first interview contextualized thoughts shared by the students in the second 

interview, which was an in-depth exploration about their epistemological beliefs surrounding 

models and the roles they serve in biology. 

Procedures 

Development ofthe interview protocol was centered around my theoretical framework. 

From the two themes that encompass my framework "Models & Epistemic Criteria" and 

"Construction & Roles", I simplified each theme into a pair of guiding questions that served to 

scaffold my second interview (see Figure 1.). Using the interview protocol and progression of 

questions from Grosslight et. aI, and Carey et. aI, as inspiration, interviews began with a very 

direct question that asked students to simply state what came to mind hearing the word model. 

From there, students were asked to define what they thought a model is, and any features that a 

good model would have. This line of inquiry was designed to have students discuss the qualities 

of a good model as a way to discover the types of criteria students use to judge model goodness. 

Students were asked to think about their biology classes and reflect upon model usage, 

and with a firm example in their minds, students were asked to think about how they would go 

about constructing their own models for biology. It was key to set up this question so that 

students verbalized their mental checklists for model construction. This section of the interview 



fed directly into probing the roles that students associated with models in biology. Investigating 

students' beliefs about models through questions and reflections on their past experiences was a 

fruitful exercise, but this method of investigation was fairly one-sided. Grosslight et. aI, 

suggested that future epistemological studies on modeling should include asking students about 

abstract models like mathematical equations as graphs (p. 821) during the interview process. My 

interview protocol took the Grosslight method of inquiry one step further, and for the second half 

of the interview, students were presented with three different types of models that they could 

easily encounter in a biology course. 

< 
"What are models?" 

Models & Epistemic 
Criteria 

"What criteria should 
be considered for 
model goodness? 

"How do I develop a 

Construction & Roles < model?" 

"What roles can a 
model serve? 

Figure I . Theoretical framework for understanding students' epistemologies about modeling ill biology. 
Tier 1 consists of two overarching themes, "Models & Epistemi c Criteri a" derivedfrol1l lhe works of Jay 
Odenbaugh and Pluta et, al., and "Construction & Roles" der,ived [rom th e works of Svoboda and 
Passmore. Tier 2 consists of the framework themes broken down into four areas of inquiry which 
scaffolded the design of the second interview protocol. 



When designing the interview protocol, I included the activity of presenting students with 

examples of models in the second half of the interview, after the initial round of questions. Pluta 

et aI, found that an initial orienting activity helped to reduce any confusion surrounding the term 

model, and additionally gave students and extended time to reflect upon and verbalize how they 

judged model goodness (p. 492). With this conversational foundation in place, students were in a 

better position to answer the question "Do you consider this a model?", and to provide a more 

detailed description as to why they arrived at that answer. Students were presented with three 

different models (see Figure 2.) and asked to explain the reasoning behind their response. 

Population n=20 

'0' 
OliO I----A-- -i--

10 10 

A. B. Ga:n c: r!Ol -t~ion~> _ _ _ __ j c. 

Figure 2. Models shown to students in second interview. Panel A depicts an artistic rendering of 
the 3D helical structure of DNA. Panel B depicts a graph of simulated changes in allele 
frequency of a population over 50 generations. Panel C depicts a chemical formula used to model 
the process of ATP synthesis. Below the chemical formula is an alternative method of 
representing ATP synthesis which depicts the reactants and products of this biochemical process. 

After being shown all three examples, students were then asked to compare the examples 

they identified as models, and to restate any criteria that the exmi1ples satisfied to be considered a 

model. This portion of the interview was used as a self-comparison to highlight where students 

agreed with their own beliefs expressed earlier during unprompted discussion, and to identify 

areas of misalignment between initial thoughts about models and those expressed after 

discussing the three examples seen in Figure 2. Additionally, this portion of the interview was 

deigned to further elucidate the differences between the preexisting conceptions students have 



about models, and those expressed in real time about specifically chosen examples. Of the 

examples selected, the model of DNA served to represent the most commonly expressed 

characteristics of models which include communicating exact details of reality, essentially 

creating a copy of a real world object. The graph and equation were selected to probe students 

beliefs about abstract models, which I believed would not as readily come to mind when 

discussing their preexisting conceptions. 

Coding 

I iteratively refined and developed codes which all owed me to identify two major 

emergent themes within the findings of my research. In developing my coding scheme, I 

originall y coded statements that could inform the four areas of inquiry identified in my 

theoretical framework as "Definition, Criteria, Construction, and Function". However, many of 

the coded statements fell into several of my original categories which, as a result, proved 

challenging to define. This original system also resulted in the creation of the general category 

"Novice v. Expeli" that served to characterize the statements that revealed students' 

epistemologies, but could not easily fall into one of the four original categories. Redefining the 

coding system, I used the "Levels of Understanding" as outlined by Grosslight et. aI, which was 

constructed to reflect different epistemological views about models and their use in science. 

This system of coding proved a to be a good fit for the coded statements from the 

analysis of the four original categories and included the statements in the "Novice v. Expert" 

category. Under this system, statements were coded as one of three general levels of 

understanding. Ll statements aligned with more novice-like statements that reflected a belief that 

models are simply a copy of reality. Students who held L2 beliefs now recognize that there is an 

explicit purpose behind the construction of the model, real world objects can be repackaged 



through simplification or showing specific aspects , however the main focus is still on the reality 

being modeled. Separating L2 and L3 statements comes down to three tenets; models are 

constructed for developing and testing ideas, not just a copy, the modeler takes an active role in 

construction, and lastly models can be manipulated in the service of forming ideas (Grosslight et. 

aI, 1991). Statements were classified as Ll if they communicated the opposite of, or 

demonstrated a lack of understanding around the three expert tenets. In the second round of 

coding, I initially kept "criteria for model goodness" as a separate category than the Ll-L3 

coding system expecting that there would be significant differences. Using the primary and 

secondary classifications created by Pluta et. al to categorize all coded statements regarding 

criteria did not provide a significantly greater resolution than classifying the statements under the 

LI-L3 coding system. By the second iteratio~ of the code, all statements were incorporated into 

the LI-L3 coding system. 

In recognition of a major theme emerging from my interview analysis, I expanded my 

coding system to account for the reoccurring topic which aligned with a model's purpose. In 

addition to the LI-L3 system, I coded statements based on their relationship to Odenbaugh's 

Five Uses of Models Under the combined codes I classified students epistemological 

understanding of models in reference to expert epistemologies and explored the nuances of the 

purposes that Sarah and Lexie gravitated towards during the interviews. The final coding system 

allowed me to discuss the level at which students understand models and how that is reflected in, 

and inherently tied to the purposes Sarah and Lexie believed models can serve. 



Fj ndin g 

After speaking with Sarah and Lexie at length, our conversations generated over three 

hours of audio files, rich in personal anecdotes and fascinating responses. Analysis of these 

stories proved to be difficult at first as I attempted to draw distinctions between their responses 
, 

that I believed informed the four areas of inquiry as outlined in my theoretical framework. Those 

four areas involved how students defined a model, the criteria used for assessing model 

goodness, student's thoughts on model construction, and the roles that models can serve in 

biology. Statements that could illuminate how a student defined a model were directly related to 

the criteria used for judging a model's goodness, and those criteria were further embedded within 

the student's beliefs about the roles a model could serve. Rather than as distinct categories, 

purpose, construction and usage were all related, and my findings supported this relationship 

(See Figure 3.) 

Parsing these interconnected statements revealed a larger unifying theme around a 

model's purpose that provided assential context for understanding the current epistemologies 

held by Sarah and Lexie. Additionally, this general theme also helped me to identify the 

connections between the beliefs Sarah and Lexie did express, and how holding those beliefs 

could inhibit the development of more expert-like epistemologies. This theme emerged as 

students shared thoughts about models that existed within a larger discussion around, and 

centered on the notion of a model's purpose. It is under this unifying notion of purpose that I 

have characterized students' level of understanding of models and their uses. 



Student Epistemologies of Modeling ill Biology 

Original Framework 

Purpose 

CODstru cti on 

Use 

Research Findings 

Represcnt Reality 

COllllllunicative Criteria 

(Simplificatioll 8: Speciticity) 

Explain Real-World 
Phenomena 

Figure 3. In exploring how a model's purpose shapes student epistemologies, students 
demonstrated that representing reality was central to their beliefs. Students referenced 
explanatory models as the main model type and that finding directly relates to their belief that 
models are designed to represent reality and should be evaluated based upon ability to 
communicate information about reality. 

Purpose dictates aspects of the model 

Although Sarah and Lexie expressed a diverse range of thoughtful responses during the 

interviews, the Grosslight et. aI, system of coding helped me to establish a general level of 

understanding that the students fell into and made it possible to talk about their responses in the 

same context. Statements and opinions shared by both students fell into each level, from the 1110st 

novice at Level 1, to comparable with expert epistemologies at Level 3. However, an 

overwhelming number of statements for both students landed firmly in Level 2, and were 

categorized at L2 for the same reason. Grosslight et. aI, defined a L2 epistemological state by 

three key identifiers including seeing models as representations of real world objects or events 

and not as ideas about those objects or events, seeing models as primarily communicative, and 

real1zing that in some capacity the form of the model is dictated by its purpose. From my 



analysis, it became a clear pattern for Sarah and Lexie to express that they believed a model's 

purpose was to communicate knowledge about a real-world object or event. 

Upon closer examination of all the statements I coded as L2, nearly all of the response~ 

from both students demonstrated that they believe models to operate primarily as a means to 

communicate a set of information that is based in reality. With such an intense focus on the 

communicative nature of a model, Sarah and Lexie often relied upon this belief as support to 

their arguments even when discussing other aspects of a model and the modeling process. In th 

case where I was attempting to have Sarah discuss the strategies and decision making the 

modeler experiences when constructing a model, her response is directly concerned with the 

purpose of communicating information. When I asked Sarah what she would have to consider c 

a person constructing a model, she responded ... 

"Like whether the idea it communicates is actually, h111m, l/eel like whether you're conveying 
false information ... if you 're conveying the wrong idea then you have to consider that" 

To me, this shows a student who is aware that the purpose behind creating a model is a part of 

the construction process, but at this n10ment, they have only considered that purpose to 

communicate information about the world around them. While concerns over accuracy are 

considered an example of primary epistemic criteria (Pluta et. al, 2011), faithfully depicting 

reality is only one of the many purposes that a model can serve. 

This pattern continued when I asked Lexie the same question about what she thinks a 

should be considered when constructing a model. She stated that. .. 

"I'd definitely take in what the audience that's viewing or using the model would need before I 
would even try to create it ... because the more people know the less general you have to be" 

Unpacking Lexie's response to this question revealed insights into ber general level of 

understanding, but also indirectly addresses her criteria for jUdging model goodness and tbe 



beginnings of metamodeling knowledge arollnd model construction. First, this statement shows 

that she holds a similar belief to Sarah as she discusses the considerations she wou Id take before 

creating a model, namely what the model is communicating to the audience who is viewing it. As 

I discovered during the coding process, conversation around criteria for model goodness was 

often embedded within another area in my theoretical framework, exemplified by Lexie's 

comment that touches on model construction, criteria, and a model's purpose. As reported by 

Pluta et. aI, references to the audience that the models are designed for is considered a secondary 

criterion, along with clarity, and organization, which are designated as "Communicative 

elements" (p. 496). However, I believe Lexie is not as solidly in the L2 category as Sarah 

because she is thinking about how the model will be used and how that usage will affect the level 

of detail that the model will include. Discussing model manipulation and revision in light of 

information or data is considered to be an L3 expert epistemology. Even though Lexie does not 

provide a detailed description following her comment about the generalness of a model, I think 

she is in a very good position to push her thinking about the reasons for model manipUlation and 

could easily work towards developing L3 beliefs about how a modeler's decisions will be 

reflected in the final form of the model. 

Models serve an explanatory role 

In his exploration of the uses for models in biology, Odenbaugh put fOlih five pragmatic 

uses based upon the cognitive benefits and the discipline specific aims that can be achieved 

through the practice of modeling. Of the five uses that Odenabugh proposes, Sarah and Lexie 

spoke predominantly about the explanatory role that models serve. This ability refers to 

accounting, in sufficient detail , for the causal mechanisms that produce an observable outcome 

or phenomena. Explanation is two-fold; biologists explain why by explaining how (Bechtel and 



Abrahamsen, 2005). Based upon the emphasis both students place in the communicative nature 

of a model, it was not unsurprising to learn that the students' primary focus centered on the 

ability of a model to explain a biological phenomenon. For the students in my research, the 

ability of a model to accurately represent and explain the real world was paramount. 

In both case studies, the students simultaneously viewed explanation as both a primary 

purpose and as a criterion for judging model goodness. Lexie exemplifies this finding when 

discussing the limitations of a model. She begins to explain her beliefs around a model's 

limitations by stating, "If they [ the audience] already understand the concept the models aren 't 

very use/ill". Unpacking Lexie's statement shows that she is evaluating models based on their 

ability to communicate and explain a concept, and further demonstrates that if the audience has 

preexisting knowledge of that concept, then she believes the model is not useful. This and many 

statements similar to it highlight the centrality of explanation and communication to the 

epistemological beliefs of the students in my research. This reoccurring theme also made me 

question how the growth and development of more advanced epistemologies is hindered by a 

limited view of a model's purpose. 

There are moments during the interviews when the students express beliefs similar to 

experts concerning the explanatory ability of models. Sarah discusses her beliefs around 

functions of a model stating, "it's trying to explain an abstract concept and helping us visualize 

it, or seeing the logic behind the concept". This statement mirrors the definition of explanatory 

models provided by Bechtel and Abrahamsen, and in doing so lead me to code such a statement 

as a Level 3 epistemology. In this moment, Sarah recognized that the model functioned to 

explain a concept as well as the "logic behind the concept", in other words the underlying causal 

mechanism. Even though Sarah and Lexie mentioned and described a limited range of model 



uses, they showed that they do hold more expert-like epistemological views towards the role of 

explanatory models. However, their beliefs around the role of simplification in the modeling 

process and simple models are not as fully developed. 

The use and construction of simple models is a nuanced practice within biology, and even 

though the models are simplified in comparison to the phenomena they represent, experts POSIt 

that there is an important distinction to be made when considering what it means to construct a 

simplified model. In terms of the distinction between L2 and L3 epistemologies, an expert-like 

L3 belief explicitly demarcates that scientists wiII construct a simple model purposefully and 

with the intent of serving a specific end. Model creation prompts the usage of several cognitive 

strategies, however recognizing that the act of creation itself is comprised of deliberate choices 

regarding the level of reality to i ncIude in the final product is essential to developing L3 

epistemological views. Svoboda & Passmore emphasize that simple models do 110t lack detail for 

the sole reason of representing reality in a way that is easier to see and understanel, but stress that 

"this view emphasizes simpli fication not as a limitation of modeling, but as a deliberate and 

context-specific strategy" (p. 123). Before conducting interviews with Sarah and Lexie, my own 

curiosity lead me to wonder if the beliefs held about models could limit student's 

epistemological growth. Although this was not my overall research question, analysis of 

interview data around a discussion on simple models provided some insight to begin answenng 

this question. 

Findings from my research suggest that it is plausible that an introductory biology student 

will not consider simplification to be a deliberate choice by the modeler, but rather an inherent 

necessity to be able to explain information with clarity. Sarah grappled with representing her 

knowledge of a complex reality in the form of a simple model stating "The problem oj" 



overgeneralizing ... there's ([ lot more complexity in how things work. So 1 think that is a danger. 

Sarah continues to voice her concern around actively generalizing complex phenomena and goe: 

on to say "the more you learn, it becomes more and more complex, there's 110 easy model n. I 

believe Sarah struggled with seeing the utility in a simple model because of her strongly present 

belief that models exist as a tool to communicate and explain reality. Operating under this 

epistemology, I found it reasonable that Sarah would believe that a simplified model is not a 

good one because a generalized model would, by design, lack information about the phenomena 

being modeled. However, it is not safe to assume that students who primarily see models as 

explanatory are not capable of thinking about simplification as a deliberate strategy. 

Students'. epistemological status exist on a spectrum between L1 and L3, a common 

occurrence which is illustrated by Lexie's slight difference from Sarah in her discussion of 

simple models. Both students 8cknowledge the complex reality of the world, but unlike Sarah, 

Lexie's comments hint at a more advanced view on simple models. Lexie approaches this 

conversation stating, 

"If the concept is very hard to understand 1 think it is he/pfit! to make it more general. Tiying to 
convey every single niffy-gritty aspect o/it is too conjilsing and Ileellike that's not the point of 
the model. 1 feel like the point of a model is to help you grasp what's happening. " 

Lexie's comment shows that she views simplifying a model as a choice to be made by the 

modeler. While she still maintains that the point of the model is to communicate or explain the 

real-world concept, sbe acknowledges that even operating under that purpose, it is unnecessary, 

and even counterproductive to include every aspect of the reality being modeled. I believe Lexie 

is in a good positoD to fllliher develop her ideas and beliefs around simple models, and for 

students in a similar position, experience with a simple model can help to develop L3 beliefs and 

reify their epistemologies around the utility of simple models. 



Simplification and Specificity 

The inclusion of actual models during the interviews allowed me to directly compare 

students' statements in reference to a tangible model, rather than relying solely upon the 

students' abilities to fully aIiiculate their ideas. As seen with Pluta et. aI's research, statements 

could be coded as vague because the intent behind how a student expressed their ideas was often 

unclear, namely due to imprecise language that could not confidently be taken as evidence for a 

deep understanding of models. By designing the interview to first speak more theoretically, then 

directly about a model in front of the interviewee, it was possible to compare statements between 

theory and concrete examples. This comparison help to confirm my conclusion that Sarah and 

Lexie were primarily concerned with the explanatory role of models. It also revealed a 

peculiarity around the language students used when discussing whether they considered the 

examples I brought to be models, and the quality ofthose models. 

Findings from these comparisons may be particularly useful for elevating a teacher's 

awareness around the language that their students use to describe models. Consistent with both 

of my case studies, the comparison between theory statements and those directly concerning one 

of the three models I brought showed that students associate complexity wi th the purpose of the 

model. Sarah and Lexie both seemed to operate under the belief that models can communicate 

complex ideas in a simplified or more general manner. Students used specificity when describing 

the actual content included in the model. Comments such as <la model that has loa much going 

on mighl Ily to get more ;.,pecific and can be a little bit challenging" or "it's too spec{fic that can 

get conjilsing and kind a/misses the point of the model" helped to paint an initial idea of the 

criteria that Lexie used to evaluate a model's goodness. Knowing that Lexie believes the point of 

the model is to communicate and explain a real-world phenomena contextualizes her comments 



regarding specificity. Alone, these statements contain enough information to demonstrate that 

Lexie is thinking deeply about how the level of detail can affect the model's ability to explain a 

concept. However, from these earlier statements alone, I found that it was unclear what exactly 

Lexie meant and to what element of the model she was referencing could "get more specific" or 

"too specific"; the entire model itself? the real-world phenomena being modeled? the method of 

building the model? When comparing these earlier statements to similar statements made about 

the models I brought to the interview, I began to understand why Lexie used the term spec~jic so 

frequently, and what element of the modeling process she wanted to be controlled for specificity 

During the later portion of the interview, Lexie discussed why she believed the examples 

r brought were, or were not models . In these discussions, Lexie again used the term specijic but 

in a way that made her internal thought process clearer to me around the role that specificity was 

playing for her in terms of model content and model goodness. Of the models that I brought, 

Lexie believed that the 3D graphical representation of a DNA helix, and the equation for AIP 

synthesis to be models, but did not consider the graph that showed simulated changes in allele 

frequency of a population over generation time to be a model. When asked to elaborate her 

internal thought process when assessing the graph Lexie stated "it's a little harder to understand. 

the concept is very specific to the idea that it's trying to portray" and when asked if she would 

consider the graph a model Lexie responded, 

"1 don't think 1 would consider it a model because it's showing a spec(fic not concept but ... it 
w()uldn 't be a model of alleles because it's showing how alleles show up in a population" 

During the interview, I was surprised by the way that Lexie responded, and so when I questioned 

her about the criteria that the graph had failed in her mind she said, 



,./ don', rh ink it's help/it! in explaining a concept. Becal/se it'sjust sh () will~ II graph (~ldi!Jerel1t 
th ings ,hot :" going 01'1. II's nOI reo/6' explailling Cll1ylhing to me /J(:sid '.1' tlte.!reqllency (~l 
simu/clled alleles" 

From this exchimge, it became clear that specificity, as Lexie implied, is related to the 

idea or concept being modeled. Both students expressed the belief that models are meant to 

represent and explain a complex idea in simpler terms. With that in mind, it is possible to use 

Lexie's idea ofa model's purpose, return to her earlier comment about a model getting "too 

specific that it misses the point", and use the comments about using specificity as a criterion for 

being a model to form a cohesive picture. Therefore, under Lexie's working understanding of 

models, when the idea or concept being modeled passes a certain threshold from general to 

specific , the details required to adequately explain it are so specific or expressed with an 

increased level of detail, that the model fails to do its job at explaining the concept. This 

conclusion was supported when Lexie compared why she thought the DNA and equation were 

both good models saying that. . . 

"they are both general enough that you can understand the concept Ihal is going on, but not 
,specific enough thaI you get tripped over what y ou 're learning" 

Ultimately, I summarized the students' epistemologies around specificity and simplification to 

state that the model should represent a complex reality with a level of detail that is explanatory 

without being distracting or occluding the general idea being communicated. 

Criteria and model usage 

Of the criterion discussed by Sarah and Lexie, nearly all of our discussions could be 

traced back to some form of accuracy. While Pluta et aI, characterize accuracy as a primary 

criterion for model evaluation, accuracy appeals to the idea of how "faithfully the model depicts 

the target" or that the model is correct. I do not argue against the inclusion of accuracy as an 



evaluative criterion, but I clo argue against its emphasis if a classroom hopes to educate students 

aroLlnd all ofOdenbaugh's uses of models. Inherent to the definition set forth by Pluta et aI, 

accuracy is a metric for cOlTectly representing reality. Odenbaugb highlights that of the five uses 

for models that he identifies, models as explanatory and predictive tools require a higher degree 

of realism than models that fulfill the remaining three uses that he identified. Emphasis on 

accuracy as a criterion for model goodness elevates the role of communicating correct 

information about reality. I believe that for students receiving explicit instruction on modeling, 

perhaps for the first time in science, such a heavy emphasis diminishes the presence of the other 

three roles a model can serve. 

Supporting epistemological development in biology is the goal, but if instruction 

emphasizes modeling only in relation to explaining and predicting, facets of genuine scientific 

thought and inquiry are left unexplored and undeveloped (Koponen, 2007). In addition to the 

type of model seen most often in biology, the moclel's level of completion also plays a role in 

shaping how students develop core beliefs about models. In classrooms, and even in the case 

with the examples that I brought to the interviews, students are more frequently exposed to 

completed models in their most final form. It is perhaps unsurprising that students often describe 

models as tools to communicate a set of information or ideas rather than ones that support 

scientific inquiry (Svoboda and Passmore, 2013). If students are exposed to incomplete models, 

or work to build their own, then ideally they can begin to see the generative purposes models can 

serve. I believe that inclusion of other model types and equal treatment of other criteria can 

alleviate the overwhelming presence that evaluative and predictive models have in the 

classroom, and can create room for students to think about and explore other model uses. 



Specificity 

Both Sarah and Lexie directly referenced a model's specificity in the context ofa bad or 

confusing model , as seen when Lexie describes the graph. This revealed an indirect criterion 

both students were using to assess models regarding the level of details about a system that 

should be included in a model. To me, this showed that students were in a good positon to talk 

about the level of detail in a model and to expand upon this metamodeJing strategy. 

Currently, both students did not discuss level of detail in a model beyond the possibility 

of the model being too confusing to understand, which is directly linked to their belief that 

models are primarily explanatory and that model construction should concern clarity in terms of 

communicating to a general audience. If students are already thinking about the purposeful 

inclusion of a differing degree of detail, teachers can capitalize on this developing epistemology 

and incorporate discussions around the modeler's decision to construct a simple, unrealistic 

model. Once students have internalized that simple models are created by choice, and not just for 

easier communication, they can explore how simple unrealistic models can serve as a tool for 

scientists to reason about complex systems. Given time to explore this partially formed set of 

ideas around specificity and simplification, I believe that even introductory biology students are 

capable of developing L3 epistemologies around the uses of models in biology. 

Informing my future classroom practice 

Future classroom practice can be designed around the goals put forth under NGSS to 

teach students to generate and test accurate explanations and predictions. In addition, I hope to 

help students see that modeling can be used to guide the initial phases of developing a research 

question, can help to identify gaps in their knowledge, and generate interest in a problem. One 

definition of model-based inquiry states that modeling is a collection of methods that permeate 



all stages of the inquiry process, from the early organizational stages to future testing and 

evaluation, as wel1 as proposing revisions or expansions to a current model (Windschitl et aI, 

2008). Essential to classrooms that incorporate model-based inquiry is that modeling methods 

are present throughout all stages of the inquiry process. Modeling can be introduced as a stand

alone lesson, but must be cycled back to with some regular frequency. Students should actively 

draw connections between what they are learning and the cognitive strategies enacted during the 

modeling process. Designing curricula around genuine scientific practice is a challenge, but is an 

important step in supporting students to develop a coherent, scientifically based view of the 

world around them that draws upon epistemologies of authentic scientific practice. I believe 

authenticity to be the link that joins what I have learned from my research to the standards put 

forth by NGSS. 

I want to address what "authentic" means in terms of learning science and scientific 

practice. The word authentic can easily devolve into just another buzzword in science education, 

and so it is important to understand what it means to be an authentic scientific practice, and how 

I wish for authenticity to playa role in my future classroom. Authenticity in science education 

stems from firsthand experience and that a view or experience is agreed to be a genuine or 

reliable representation of what is true science (Martin et aI, 1990). When scientists practice 

modeling, it is always grounded in specific context. As a future educator, if I want modeling in 

my classroom to reflect authentic scientific reasoning and authentic features of the nature of 

science, "there needs to be more clarity sUITolmding both what it means to practice modeling and 

the specific purposes that modeling can support." (Svoboda & Passmore 2013; Lehrer et aI., 

2008). For my classroom, this simplifies to a goal of incorporating in-class discussion and 

practices that are representative of genuine biological science, explicit instruction on model 



construction, and model usage in biology. In doing so, I plan to use the cross-cutting concepts 

identified by NGSS to scaffold these classroom instruction and practices that will emphasize 

connections to the larger scientific community, and I will start with modeling. 

Science is embedded within a broader societal matrix, and ignorance of those societal 

aspects leaves students with an incomplete and unauthentic education about the discipline 

(Martin et, al 1990). Both students in my case study expressed desire for what I have deemed 

authentic disciplinary experiences, and shared stories about those instances when they felt they 

had missed out on an "authentic" science experience. Sarah described a lab designed to simulate 

fitness where different eating utensils simulated physical differences that did or did not suit an 

individual to forage for food. Sarah expressed she remembered knowing what the lab was trying 

to simulate, but expressed discontent about the lab stating, "it was a silly lab ... because that 

spoon, fork, lmife thing it's so ridiculous n. In this instance, Sarah describes the type of 

unauthentic science lab experience to which Martin et, al is referencing. This experience was not 

as Mmiin et. al describes, representative of what is commonly understood to be true scientific 

practice, but was viewed as silly because the lab did not create the feeling of actively 

participating in genuine scientific practice. She goes on to compare her memories of this lab to 

an authentic experience she had this past semester. . . 

"1 have that experience now in bio t~1ere's some cool things that 1 know, so 1 work at the 
arboretum and they'll deliver mulch in the mornings and you'll see it will be warm because it's 
decomposing and it releases heat and it's like that's so cool! 1 mean 1 was satisfied with that in 
high school because 1 liked what 1 was learning but 1 never really did have that connection 
between classroom and outside" 

Ultimately, I want to use Sarah's experience as a reminder of the types of attitudes and opinions 

students can develop around the discipline if students do not have the opportunity to engage in 

authentic scientific practices while learning about biology. I will listen to her statement, "1 do 



think that ij'you 're teaching bio you should have some there should he some connection to the 

natural environment" when I try to incorporate lessons that help students to see the connection 

between the classroom science and the broader society. 

Starting with issues in broader society, lessons involving models and the process of 

modeling can be developed with these issues at their core. During these lessons, I want students 

to engage with models of all types and participate in thoughtful discussion around how to 

construct a model, for what purpose, practice the act of evaluating or revising a model, and be 

able to articulate the role that the modeler plays in model construction. An activity such as this 

can be differentiated and modified so that students are working in groups to develop their own 

model, or given pariially complete models and work towards strengthening their revision and 

evaluative skills. I believe that students can have a meaningful learning experience if given the 

0pPOliunity and space to think on their own. It is one of my goals to have a balance between time 

I spend lecturing, and time spent by students working together in the classroom. I find myself 

returning to Martin et aI, stating that authenticity is "derived from firsthand experiences" which 

increases my desire to design lessons for students to have firsthand experience constructing and 

evaluating models. However, it is not enough for myself or for other teachers to alter curricular 

materials and expect that student's learning will be improved. 

Student 's epistemologies of the nature of science influence how they relate to the 

presentation of concepts, contributes to their understanding, and helps them to interpret what the 

teacher says (Roth & Roychoudhury, 1994). Research has shown that the epistemologies used in 

classroom discourse are an important factor that influences how students learn science subject 

content (Lidar et aI, 2006). Developing my students' disciplinary epistemological beliefs is the 

overarching goal in my future classroom, and to achieve it, I will incorporate model-based 



instruction and lessons that encourage students to cooperate to solve problems and be reflective 

about the processes involved in modeling. Using my theoretical framework allowed me to 

investigate the nature of modeling through a lens comprised, in part, by the works of biological 

philosophers. This investigation has lead me to new insights about how student epistemologies 

develop, and the role my own beliefs play in that process. With an increased sensitivity to my 

own epistemologies, I feel that I am better prepared to design lessons around model-based 

inquiry, and enter the classroom prepared t() create a space where I can suppOtt students in 

cultivating a cohesive understanding of biology and science over time. I believe the utility of this 

framework will extend into my future classroom and can also be enacted by other teachers 

iooking to better understand the level at which students operate with regards to their general 

conception of models, and the nature of scientific knowledge. 
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Am2endix 

A. Interview Protocol 

Research Question: "How do students conceptualize models and their role in biology?" 

Interview #1 

1. Where did you go to high school? 
2. How would you describe your high school? 

o General attitude students held toward the school? 
3. What did you like about your school? Ask/or example 
4. What did you dislike? Ask/or example 
5. Tell me about the science classes you took in high school? 

o Look/or likes/dislikes/etc. to ask sludent to expand upon 
6. Focusing on your biology courses, can you describe a typical day in your biology class? 

o What did it feel like, their attitude towards the class 

If typical day isn't answerable - describe the class in general (pop. of students served etc) 

7. What do you look forward to /like about your biology class? Look[or examples 
o Can you think of a memorable moment from your biology class? 
o What do you think needed improvement or you would have liked to have been 

taught differently? Why? 
o What else you would like to share about your high school biology experiences or 

experiences in STEM classes? 

Shifting gears now .. . interview will be asking students to think about the transition to 
Swarthmore and how their past academic experiences informed the academic path they are 
currently following . 

8. Can you describe for me the biological coursework that you have completed while at 
Swarthmore? 

o What drew you to these courses? (If not addressed in Q 1 0) 
o How have they differed from your high school biology course? Same/different? 

• Class setup, scope, style of information delivery, lab ... etc 
• Likes and dislikes 

9. In what ways, do you feel that you were prepared for biology at Swarthmore? 
o EXAMPLES 

10. In what ways, do you intend on pursuing biology at Swarthmore? 



2nd Interview 

Interviewer should set up some context for this interview. Today I am interested in your thoughts 

and experiences with models and modeling in biology, both in high school and here at 

Swarthmore. When possible, it would be great if you could specify, either in high school or 

college, when you developed knowledge and skills that are relevant to the questions. Interviewer 

should be prepared to have students walk through a typical Swarthmore Biology course to jog 

their memory about what could be considered a model and their experiences/reactions/opinions 

about them/their use in the course. 

*BE PREPARED TO ALWAYS ASK FOR EXAMPLES / CLARIFCATIONS~' 

1. From your understanding, how would you define a model? 

a. What should it include? 

2. What makes a good model? The distinct features? 

3. What types of models have you seen in your biology classes in High School? 

a. How were they used? 

4. What types of models have you seen in your biology classes at Swarthmore? 

a. How were they used? 

5. How have your thoughts about models and modeling changed over time? 

6. In what ways do you find the use of models helpful when learning about a topic? 

a. Why? 

b. What about models do you find helpful? Or not helpful? 

7. What are the roles of models? What purposes can they serve? 

a. How would you describe the strengths and weaknesses that a model can have? 

i. Goal is to talk about explanatory power of model, what it can do, where it 

falls short 

8. If you were building a model in biology, what would you consider before starting this 

process? 

9. In what ways do you think that models can be changed or stay the same? 

a. Why? 

b. What could you imagine being the cause for change or revision? 

BRING OUT EXAMPLES - (DNA, Graph, Equation) 

10. would you consider this a model.. ... why/why not (Do this for each example I brought) 

a. In what ways is this a model? In what ways is it not? 

11. What criteria did you have that helped you to decide what was, or wasn't a model? Can 

you describe it for me? 

12. What improvements, if any, could be made to the examples I brought? 

After going through each one, return to the question "'''hat roles does a model serve? 

'''ould you like to add or alter your original thoughts? 

13. What other examples that you would consider a model in biology that I did not bring with 

me? 



B. Excerpt from Lexie's Second Interview 

This excerpt begins after Lexie had finished describing a high school experience that was a bad 
model. To compare the features, she ascribed to a model that was not good, I am returning to an 

earlier comment about the use of pool noodles in the Swarthmore intro bio course. The pool 
noodles were used to represent the chromosomes during cell division and were held by students 

at the front of the lecture hall who moved around the floor in accordance with the stage of 

division being represented. Here, I am jumping between Q2 and Q4 in my interview protocol to 
establish the features Lexie believes to be present in a good model. 

[00:09:26.11J Interviewer: So I'm interested in this pool noodle story a little bit more. So if you 

consider that a model, what about that made it a good experience? Other than remembering, why 
would you define that as a model, and not just a classroom activity? 

[00:09:42.191 Lexie: Urn, I guess, hmm. Well I think it's a little bit of both but I'd say that was 

more like a model because it was actually a demonstration of a concept we were learning, not 
just necessarily what we were learning. When I think of a classroom activity, J think of 

worksheets or something, not an example of what we're learning that we could actually see. 

[00:10:16.01] Interviewer: So how would you describe your thoughts and beliefs about models, 
how they've changed over time? 

[00:10:23.271 Lexie: Well r didn't really have too much experience with models in high school I 
don't think, with my different science classes. So it was mostly in college that I had some 

experience with them. I guess just how I've defined models has changed a little, like I find it 
more useful when the concept is more broken down I guess. It 's not necessarily "this is the 

concept and it only can be applied and you can only do it this way and it's only like this" but if 
you can have an open interpretation with it. Or you can figure out different ways to apply the 

model to situations. I think it's good. 

[00:11:12.02] Interviewer: So would you describe flexibility or general-ness to be a good quality 

ofa model? 

[00:11 :21.12J Lexie: I think flexibility, yes general-ncs ... just like keeping it geucral I guess. I 
think it might be in some cases a little less helpfu l. Especially if the concept is very -- actually I 

change my mind. If the concept is very hard to understand I think it is helpful to make it more 

general. Trying to convey every single nitty-gritty aspect of it is too confusing I feel like, and 

that's not a point of a model. I think the point of a model is to help you grasp what's happening, 

not necessarily teach you what is happening, all the little details. 

[OO:12:10.03J Interviewer: So do you think having a model is useful when learning a new topic? 

[OO:12:15.24J Lexie: Oh I think so. It's definitely, not even for just remembering the topics but I 

think that especially whell you're being lectured at or just reading in a book, it's sometimes 
harder for the words or concepts to sit well in--at least in my head. For me it is helpCuJ to have 
additional, supplemental models or just examples or just like other things like that. It makes it 
seem like "Oh, yeah I understand this as a concept but this kind of is like an action, or this is an 



example of this concept" or just a different way for it to sit in my head anci a different way to 
think about it that may help me when I'm testing or something like that. 

[00:13:05.25] Interviewer: So if you want to think about the pool noodle example or another, but 
what about that was a particularly good moment for you working with that model? How did that 
help you learn that concept? 

[00:13: 17.01] Lexie: Um I think I was having trouble remembering the different parts of cell 
division like when we were just being lectured on it, because it was hard for me to visualize it. 
And then the pool noodle activity I think was really good with helping me actually physically see 
the different movements that were happening and kind of understanding the change and how this 
chromosome goes to this chromosome just the different things. I think it's harder for me to 
visualize things just when I'm absorbing it but when I'm actually viewing something in action it 
makes a lot more sense. 

[00:14:01.12] Interviewer: So thinking along those same lines, would there be any instances 
where a model wouldn't be helpful? 

[00:14:19.01] Lexie: I guess a model wouldn't be helpful if the concept that the model was 
conveying was already general in the first place. I think models are supposed to be more general 
so you can kind of see "okay this is what we're learning" and .then by your own different, like 
reading the book or something like you go more in-depth. So I guess it would be kind of hard if 
the concept was already a general idea because the model would make it more general and that 
would make it kind of abstract in a way. I can't imagine that that would be very helpful. 

[00:14:59.11] Interviewer: So you gave me a couple ideas ofa good model, what would be a bad 
model? How would you differentiate between? What are the characteristics of a model that's not 
very good? 

[00:15:11.22] Lexie: Hmm. 

[00:15:11.27] Interviewer: And you can think examples that" you've seen. 

[00:15:20.25] Lexie: I think in general, just something that's not very clear or organized. Also 
something, a model that has too much going on that a model that might try to get more specific 
can be a little bit challenging. When I think of models Ijust think of something that you can use 
to grasp a concept not necessarily learn the concept. So if it's too specific that can get confusing, 
and that kind of misses the point of the model. Yeah. 

[00:15:56.03] Interviewer: So would you describe some of the strengths and weaknesses that a 
model may have? How can they vary? 

[00:16:07.20] Lexie: I guess, hmm. I feel like that depends on the person that's viewing it. If 
they, I guess if they already understand the concept the models aren't very useful, because they 
don't need to know the overall idea, they just need to know the ins and outs and the more detailed 
aspects of it. But in a way for someone who's never even encountered that r think it's a really 
good stepping stone for them to learn a bigger concept or something like that could initially go 
over their head. 



C. Lesson Plan: Nucleic Acids and DNA Model Building 

Big Idea: Structure & Function Relationship 

Objective: Given a 15 minute reading period SWBAT identify the 4 nucleic acids and 
demonstrate the bonding scheme (A-T, C-G) and then when given assorted cereals SWBA T 
devise a representative code to build a model of DNA out of cereals that symbolize its 
components and offer explanations as to how they developed their code. 

Before - Before the activity, students will answer a Do Now related to what they already know, 
what comes to mind or a question they have about DNA (topic of Do Now may change 
depending on how far students got on the previolls day). They will also complete a short reading 
activity on nucleic acids to introduce the topic to students and get them familiar with the 
terminology. 

During - Students will sketch how they want their DNA model to look like when completed 
and design their own key for the dry goods that will correspond to each of the structures used to 
build a DNA molecule. Students will then execute their plans on a large sheet of paper using dry 
cereals to build their model of DNA. 

After - Students will revisit their new knowledge of nucleic acids to work through a constructed 
response that asks them to compare their knowledge about the most recent topic (amino acids -
proteins) with their current topic (nucleic acids - DNA). They will also update their foldable that 
dou bles as a student constructed note sheet that compares the structure and function of the four 
major macro molecules. 

Teacher will . . . Students will. . . Teaching Strategy 

Ask students to respond to the Respond to the Do Now in their -Warm up 
Do Now. Remind them they are notebooks. -Introduce topic of 
not to look up information today, the day 
the do now is to ask what they 
already know. 

Review the Do Now with the Students will call out or raise their Prime students for 
class and verbally go over how hand to share their ideas from the activity 
students answered the prompt Do Now 

Review Me #5. Allow student Review their own answers, change HWreview 
who wishes to let their paper be papers as needed, and offer answers Revisit older 
used for review. Talk about each as the class reviews each question. material 
question and any problem solving Go over problem 
strategies as necessary. solving 



Introduce the 1st Activity ... the Listen -Activity Overview 

nucleic acid work sheet Ask questions -Provide Directions 

Give instructions (verbally and isten to directions Provide directions 

at the board) 
Set expectations 

Students are to complete the WS 
for the activity 

ql,IC tions with their table mate 
using the book, and only turning 
to technology if tbey cannot find 
the answer in the book. 

Use page __ in the book help 
you answer these questions. 
Work with your partner to answer 
the questions. I want you guys to 
work from tbe book for the first 5 
minutes before you turn to your 
technology for additional help. 

After most people have finished 
we will check back in and review 
what we have found. 

Before we move ... check for Participate in call and response. -Call and Response 

clarity. Teacher may ask a Students will offer their -Clarify Directions 

student to summarize what they interpretation/understanding of the 

are supposed to do, letting assignment. Students will also ask 

students chime in as they feel any remaining questions/points of 

necessary. Teacher may flesh out confusion. 

a response if needed. 
This is a time to answer any 
remaining questions and provide 
clarifications for students. 

Distribute materials - Grab a textbook from the Introduction of 

Pass out the nucleic acid WS window new material 

- Engage with material on 
nucleic acids for the first 
time, and work in pairs to fill 
out the WS 

Circulate. Move around the Work in partners on WS Progress 

room after the first few minutes 
monitoring 

of the activity to monitor progress 
on the WS and to redirect 

Answer questions 

attention as needed. 
as they arise 



Wrap up 1st activity. Give a 2 Finish WS Transition warning 

or 3 minute warning so that 
students can prepare to move 
onto the next activity 

Review WS as a class. Teacher - Students offer responses to Review 

will ask for students to offer the questions 

answers to the few questions - Fill in answers they couldn't 

find 
~ Ask clarifying questions 

Deliver directions for 2nd Listen Provide directions 

activity. Make a table for their key 
Activity Transition 

We will build a model to 
familiarize ourselves with the 
structures that make up the 
macromolecule DNA. This 
activity is designed to help you 
use these individual structures to 
assemble a model to represent a 
small section of DNA. 

You will be allowed to create 
your own key for each of the 
following structures ... these will 
be written up at the board 

Sugar-phosphate backbone 

• Sugar 

• Phosphate group 
Nuc1eotides 

• Adenine 

• Thymine 

• Guanine 

• Cytosine 
Hydrogen Bonds 
Covalent Bonds 

Once you have decided on your 
key, sketch a rough diagram of 
what you intend to build on your 
paper. It is also good idea to 
figure out how many of each type 
of cereal you expect you will 
need to create your model. Once 



you have done that, feel free t~ 
come up ano grab what you wJll 
need. 
DO NOT EAT ANYTHING 

Check in for clarifications and Pmiicipate in call and response. -Call and Response 
make sure all students understand Students will also ask any remaining -Clarify Directions 
what the goal of the group work questions/points of confusion. 
will be, how long they have to 
work on the assignment 

Set out materials While teacher is putting out the Multitask material 
Put out bowls of each cereal type materials, students will be figuring prep with student 
and glue for students. Once out how much of each type of cereal activity prep 
students show their estimations they think they will need (as a sta1i, 
for each cereal type and do a they can come back for more) 
rough sketch of what their model 
will look like, they may retrieve 
materials for their models 

Circulate and monitor groups Students should be working on -Progress 
progress and provide gentle constructing their DNA models monitoring 
nudges if groups need to be -Posing/answering 
redirected to focus on their task at questions 
hand. Ask questions to all group 
members to see if they 
understood what their group 
produced 

Wrap up. Give students a Finish activity and put away 
warning so they can begin materials. 
cleaning up their materials or 
finishing their models if they are Work on foldables if finished 
close enough. If students finish 
early, they can begin adding to 
their foldables under the Amino 
Acid and Nucleic Acid panels. 

HW Constructed response on 
Enzymes 

Differentiation: 
Directions are given verbally and a rough outline at the board so that students can hear 
directions and refer back to those at the board. There is also an example from a previous 

• 



year at the front if students would like to look at how other students have interpreted the 
assignment 

• For the ELL student in the class, this model building activity involves the introduction of 
new vocabulary and associating that vocabulary with manipuJatives used to build the 
model. This doesn't require extensive reading or verbalizing to demonstrate an 
understanding of how the nucleotides pair up to build a DNA molecule 

Accommodations 
• This entire day will be chunked into pieces so that students do not lose focus for too long 

before moving onto the next p0l1ion of the day and will break up the type of activity the 
students are doing for an extended period of time (Do Now, HW review, book reading, 
model building) 

• Reading and annotating the note sheet on nucleic acids can help to scaffold students who 
may struggle with taking their own notes in an organized way. 

• Model building allows for a different method for engaging with content and learning the 
necessary vocabulary 

• Adding to the foldable allows students to work at their own pace to summarize their 
knowledge on the unit previously covered 

o In the classroom where this lesson was conducted, students have been working on 
an ongoing foldable note sheet that served as a single source for compiling and 
comparing their knowledge of the four macromolecules that this unit covered. 
Construction of this note sheet is not included in this lesson plan, as it was done 
prior to this class. 

Standards 
Standard - 3.1.12.AS 
Analyze how structure is related to function at all levels of biological organization from 
molecules to organisms 

Standard - 3.1.B.A7 
Compare and contrast the functions and structures of proteins, lipids, carbohydrates, and nucleic 
acids. 

Standard - 3.1.B.A9 
o Formulate and revise explanations and models using logic and evidence. 
o Recognize and analyze alternative explanations and models. 

Standard - 3 .1.B .B3 
Describe the basic structure of DNA, including the role of hydrogen bonding. 



D. Summary on Macromolecules Unit Activity: Nucleotides form Nucleic Acids 

DNA model completed by a pair of students in my Illh grade biology class during student teaching. 

In the final stage of the Macromolecules unit, my class worked on an in-class project to build a 

model of a nucleic acid .. . DNA. Prior to building the model, students worked through four 

questions that asked students to orient their thinking with important terminology ... 

- monomer - 5-carbon sugar 

- nucleotide - nitrogenous base 

- nucleic acid - covalent bonds 

- phosphate - hydrogen bonds 

and review the structures that made a nucleotide, and how nucleotides were used to make DNA. 

Students sketched a plan for what their DNA model would look like, labeled alI the parts and 

when given the green light by myself, students retrieved materials to make their models. The 

students were given control over which cereal pieces they wanted to represent each of the 

structures in the DNA model. Once students had laid the pieces out, Mrs . Whelan or myself 

came to quiz them on what each of their cereal pieces represented, and if students were able to 

describe each piece, they were allowed to glue their model together. 

Discussions explicitly about the choices students made when constructing their modeJ were a key 

part of this lesson. These conversations served as a formative check-in for me as well as allotting 

time to specifically acknowledge their decisions to build their model in a certain way. An 

exampJe ofthis was asking students why they chose to use spaghetti to represent the hydrogen 

bonds between the nucleotides, and pretzel rods to represent covalent bonds in the sugar

phosphate backbone. Students explained that the spaghetti was easier to snap in half and because 

it was weaker than the pretzels, it made a good substitute for the easily broken hydrogen bonds. 

In this case, even though we were building models that were a representation of a real world 

object, the process of constructing them was where the learning took place. Students not only 



had to develop a plan, but had to explain their reasoning behind it. We also talked about tlle fact 
that their models were not eXact representations, but were in fact far simpler, unrealistic models, 
but could still be very useful. I suggest that teachers come back together and have a discussion 
m'ound the following questions taken from the Svoboda and Passmore paper The strategies of 
modeling in biology education. 

o What are we leaving out of our model and why? 
o Why, and under what circumstances is it okay to leave things out of a model? 
o What do we already think we know about this situation, process, or event? Which of the 

elements of what we know are based on observations? Inference? Other sources of 
information? 

o How consistent and coherent is our final explanation with the phenomenon of interest? 
o Can it still help us make better sense of the world? 

By asking students to think about and discuss the questions above, we begin to address the 
cemented epistemologies that models are solely explanatory, and begin to help students see that 
all models are constructed with a purpose in mind and that being able to ask questions about the 
model puts us as scientists in a better position to understand the model and the phenomena it is 
representing. 

Lesson Reflection 

This model building activity will allow students to engage with the building blocks of DNA in an 
interactive manner that goes beyond note taking or 2D images on a page. Allowing them to 
create their own key is designed to give students an opportunity to have some autonomy in the 
activity as well as make them more cognizant of the individual structures that comprise DNA as 
they create their own key and were asked to explain why they used each piece. 

Students seemed to respond well to this mini project and were excited that they had the 
opportunity to make their own decisions while making the model. Making the model also gave 
students a chance to work with physicalmanipulatives while exploring and learning the structure 
of DNA. Working in pairs also allowed students to have a direct hand in creating the model , 
which would have been unlikely had this model been constructed in larger groups. I continued to 
refer back to the models they created as the class has moved onto the beginning of the Central 
Dogma unit. By referencing back to their prior work, I hoped that students my will continue to 
feel that what they do in class is impOliant, has a purpose and will always be relevant, even 
beyond the class in which material was learned or a project was completed. 
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